Intravenous Medication Administration Errors and their Causes in Cardiac Critical Care Units in Iran

DOI: 10.5455/msm.2015.27.442-446
Received: 10 September 2015; Accepted: 15 November 2015

© 2015 Masoumeh Bagheri-Nesami, Ravanbakhsh Esmaeili, Mojdeh Tajari

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

PROFESSIONAL PAPER Mater Sociomed. 2015 Dec; 27(6): 442-446

INTRAVENOUS MEDICATION ADMINISTRATION
ERRORS AND THEIR CAUSES IN CARDIAC
CRITICAL CARE UNITS IN IRAN

Masoumeh Bagheri-Nesami', Ravanbakhsh Esmaeili', Mojdeh Tajari?

'School of Nursing and Midwifery. Department of Medical-Surgical Nursing, Mazandaran Pediatric Infectious
Disease Research Center (MPIDRC), Mazandaran University of Medical Sciences, Sari, Iran
2Nasibeh School of Nursing and Midwifery, Mazandaran University of Medical Sciences. Sari, Iran

Corresponding author: Mojdeh Tajari. Critical Care Nursing Graduate Student, Student Research Committee, Nasibeh
School of Nursing and Midwifery, Mazandaran University of Medical Sciences. Sari, Iran. E- mail: mojdehtajari@yahoo.com

ABSTRACT

Background and Objectives: The dangerous events caused by medication errors are one of the main challenges faced in critical
care units. The present study was conducted to determine the frequency of intravenous medication administration errors and
their causes in cardiac critical care units in Iran. Materials and Methods: The present descriptive study was conducted in the
critical care units (CCUs and cardiac surgery intensive care units) of 12 teaching hospitals. Of the total of 240 nurses working
in these departments, 190 participated in the present study. The data collection tools used in this study included the “nurses’
demographic data questionnaire”, the “patients’ medical and demographic data questionnaire” and the “nurses’ self-reporting
questionnaire about the frequency of intravenous medication administration errors and their causes”. The data obtained were
analyzed in SPSS-20 using descriptive statistics such as the absolute and relative frequency. Findings: During the 2 months in
which this study was being conducted, 2542 patients were admitted to these departments and 20240 doses of intravenous
medications were administered to these patients. The nurses reported 262 intravenous medication administration errors. The
most common intravenous medication error pertained to administering the wrong medication (n=71 and 27.1%). As for the
causes of intravenous medication administration errors, 51.5% of the errors were associated with work conditions, 24% with
packaging, 13.4% with communication, 9.9% with transcription and 1.2% with pharmacies. Discussion and Conclusion: According
to the results, strategies are recommended to be adopted for reducing or limiting medication errors, such as building a stron-
ger pharmacology knowledge base in nurses and nursing students, improving work conditions and improving communication
between the nurses and physicians.
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1. INTRODUCTION

The National Coordinating Council for Medication Er-
ror Reporting and Prevention (NCC MERP) states that, “A
Medication error is any preventable event that may cause
or lead to inappropriate medication use or patient harm
while the medication is in the control of the health care
professional, patient, or consumer” (1). A review study con-
ducted to examine medication errors in critical care units
reported medication errors in these units to range from
3.3% to 9.4% in frequency (2). The National Patient Safety
Agency of the UK has reported the incidence of errors dur-
ing the administration stage of medication therapy to be
50% (3). In a review study conducted in 15 Middle Eastern
countries, including Iran, errors during the administration
stage were reported to range from 9.4% to 80% in frequency
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(4). A number of studies conducted in Iran reported errors
during the administration stage to be 79.2% (5), 73.43% (6),
9.8% (7) and 46.8% (8). Medication errors common during
this stage include the wrong dose, the wrong medication,
the wrong route, the wrong time, the wrong patient, the
wrong technique, dose omission and administration with-
out a physician’s order (9). Different methods are used for
detecting errors, including chart reviews, direct observation
and self-reporting (10). Self-reporting of errors is the key to
maintaining the patients’ safety (11); Fostering the culture
of self-reporting is less common during healthcare person-
nel’s professional training and teaching hospitals play a
significant role in promoting the culture of self-reporting
among the healthcare personnel and students (10). The most
common causes of medication errors reported by the NCC

PROFESSIONALPAPER - MaterSociomed.2015Dec;27(6):442-446



Intravenous Medication Administration Errors and their Causes in Cardiac Critical Care Units in Iran

MERP include personnel malfunction (39%), knowledge
deficits (17%) and communication problems between physi-
cians and the healthcare personnel (1). According to stud-
ies, over 80% of hospitalized patients receive intravenous
medications (12). The Institute for Safe Medication Practices
(ISMP) reported that 54% of the dangerous events caused
by medication errors and 56% of all the medication errors
pertain to intravenous medications (13).

2. MATERIALS AND METHODS

The research population of the present descriptive study
consisted of all the nurses working in cardiac critical care
units including CCUs and cardiac surgical intensive care
units from 12 teaching hospitals affiliated to Mazandaran
University of Medical Sciences, constituting 15 departments
overall. The study inclusion criteria consisted of having a
bachelor’s or higher level degree in nursing and being will-
ing to participate in the study. From the total of 240 nurses
working in these departments, 190 nurses expressed their
willingness to participate. Sampling was carried out by
visiting the hospitals from November 2014 to January 2015.
Three data collection instruments were used in this study,
including the “nurses’ demographic data questionnaire”,
the “patients” medical and demographic data question-
naire” and the “nurses’ self-reporting questionnaire about
the frequency of intravenous medication administration
errors and their causes”. The nurses’ demographic data
questionnaire included items about the demographic char-
acteristics of the study subjects, such as age, gender, marital
status, level of education, work experience and critical care
unit work experience. The second questionnaire contained
items about the patients’ medical and demographic charac-
teristics, such as age, gender, disease diagnosis, duration of
hospitalization and the number of intravenous medication
doses administered during hospitalization. The third ques-
tionnaire was the medication error questionnaire derived
from the questionnaire designed by Wakefield et al., the
validity and reliability of which were evaluated during four
consecutive years (14). In Iran, the validity and reliability
of the questionnaire were measured by Taheri Habibabadi
et al. (15). This questionnaire examined the name of the
intravenous medications subject to errors, the variety of
intravenous medication errors, the outcomes of intravenous
medication errors, the work shifts dur-

data” questionnaire was additionally completed by the
researcher over a period of two months and based on the
medical record and the medication administration record of
the patients hospitalized in these departments. The “nurses’
self-reporting questionnaire about the frequency of intra-
venous medication administration errors and their causes”
was duplicated in twice the number of the nurses in each
department. A copy of the questionnaire were given to each
nurse and additional copies were left in each department
next to the questionnaire submission box so that more forms
were available for the nurses if they required more space to
write about their errors. The nurses filled out the question-
naires for each intravenous medication administration error
they had made during the shift and then tossed the filled-
out questionnaires into the questionnaire box located in
their department at the end of the study, so they would not
have to worry about being morally or legally interrogated
by the researcher and to also respect the codes of research
ethics. The researcher monitored the research process ev-
ery week by visiting the hospitals. In addition, he talked
over the phone with the shift heads in all the departments
on a daily basis and thus reminded the nurses to complete
the questionnaires. Data were analyzed in SPSS-20 using
descriptive statistics..

3. RESULTS

The analysis of the nurses” demographic data showed that
92.2% of the participants were women, 93.2% were nurses
and 6.8% head nurses, 74% were employed in CCUs and 26%
in cardiac surgery intensive care units, 92.7% had rotating
shifts and 91.7% were not working in any other hospitals.
In terms of marital status, 70.3% were married, 29.2% were
single and 0.5% were widowed. In terms of education, 91.7%
had an undergraduate degree, 6.8% had a master’s degree
and 1.6% were graduate students. In terms of employment,
43.8% of the nurses were permanent workers, 29.7% were
contract employees, 14.1% were project-based fixed-term
employees, 10.4% were contractors and 2.1% were agency
staff. The mean age of participating nurses was 33.96 + 6.61
years, their mean work experience 9.3 + 5.87 years, their
mean work experience in critical care units 6.28 + 4.94 years
and the mean number of patients under the supervision of
each nurse was 3.84 + 0.12.

ing which the error had occurred and

the causes of medication errors. The Types of errors

Frequency
Absolute Relative

causes of medication errors formed 5 Wrong medication 71 27.1%
subscales, including causes pertaining Wrong dose 47 17.9%
to communication, packaging and la- Wrong infusion rate 45 17.2%
beling, transcription’ work conditions Medication calculation errors 28 10.7%
and pharmacies, which were discussed Wrong administration technique 19 7.3%
in 32 items. After explaining the study Wro”? patient _— 13 4.9%
objectives to the nurses and the head Prugincompatibility o 12 4.5%
nurses, those willing to participate in Administration without a physician's order 10 3.8%

" , Wrong time 8 3.1%
the study completed the “nurses’ demo- = - — - - —

. P . . Administration after physician's order to discontinue the medication 7 2.7%
graphic data” questionnaire through .
p to-f int X The f tof. Wrong solvent 2 0.8%

ace-to-face interviews. The face-to-face ~~ - " 262 100%

interview technique was used so as to
attract the subjects’ trust and coopera-
tion. The “medical and demographic

MaterSociomed.2015Dec;27(6):442-446 « PROFESSIONALPAPER

Table 1 Absolute and relative distribution of Types of injectable medication errors by
nurses in cardiac critical care units
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The analysis of the patients’” medical and Frequency
demographic data showed that 2542 patients ~Categories
were admitted to these departments within of related Factors related to injectable medication errors Absolute  Relative
P factors
the 2 months of the study, and 20240 doses of
intravenous medication were administered Physicians’ medication orders were not legible. 10 3/8%
c
to these patients. 63.2% of the patients were 2 Physician’s medication orders were incomplete (not 9 3/59,
© e . . . o
male and 85.1% were admitted to CCUs. The 2 writing medications unit etc). —_—
mean age of the patients was 60.87 + 13.25 E g Physician rep'eétedly changed med.lc.atlon orders. 2 0/804
d th d " £ their hos- g 8 Instead of writing orders, the physician ordered orally. 14 5/3%
y?ar? an' e mean duration o elr nos S& Subtotal 35 13/4%
pltahzatlon was 1.81 + 0.74 days' The most o The name of this medication was similar to another 6 2/3%
common causes of hospitalization were acute © _  _medication. 0
coronary syndrome (n=1066 and 41.9%), myo- ;ﬁ 5 Different medications have similar appearance. 43 16/4%
e
cardial infarction or MI (n=291 and 11.4%), g f‘é Packaging of most medications seems similar. 11 4/2%
Q.
coronary artery bypass graft or CABG (n=209 S Written texts on packages were too small. 3 1/1%
and 8.2%), post-CABG (n=209 and 8.2%), acute = Subtotal 63 24%
pulmonary edema (n=144 and 5.7%) postPCL ¢ 8 & [E0e8 SN AC Tere e vecona S Lot
(n=110 and 4.3%) and cardiac heart failureor £ 8 3 § . — : .
o R 5 There were errors in the medication file. 21 8%
CHF (n=100 and 3.9%). The nurses reported g5 Subtotal 26 9/9%
262 cases (64.38%) of intravenous medication There was a weak communication between nursesand 1/5%
errors, with the most common ones including physicians.
wrong medication (n=71 and 27.1%) wrong Many patients received similar medications. 4 1/5%
dose (n=47 and 17.9%), wrong infusion rate | d|d'not‘ receive enough in-service training on new 12 416%
o o . o medications.
(n=45 and 17.2%), and medication calculation 2 There was little access to medication information. 1 0/4%
errors (n=28 and 10.7%); (Table 1). As for the 2 | had limited knowledge about medications. 65 24/8%
causes of medication errors, 51.5% of intrave- g When the medication schedule is delayed, nurses do not
nous medication administration errors were § :)nbes;r;v;it;hne appropriate interval for the next dose of 2 0/8%
" o . o .
due to work conditions, 24% to packaging, i | discontinued medication treatment to do another job. 2 0/8%
13.4% to communication, 13.3% to commu- b There was not enough personnel in the department. 22 8/4%
nication, 9.9% to transcription and 1.2% to g For a group of patients | could not administer all medi- 5 1/1%
pharmacies (Table 2). Of all the intravenous o cations within a predetermined time frame.
medication errors committed, 186 (71%) had 5 There was equipment malfunction or equipment was
- § not adjusted properly (such as infusion pump or burette, 12 4/6%
no consequences for the patients and 74 w etc.).
(28.2%) had consequences such as hyperten- | was not aware of the known allergic reaction. 5 1/9%
sion, hypotension, nausea, vomiting, tachy- IZ;E’:::Qtﬂ‘:’:‘;taeki?con‘:‘e:sfut:‘;dePartme”t fordiag- 4 1/1%
cardia, bradycardia, flushing, hypoglycemia, Subtotal g : 135 51/5%
hyperglycemla, dysrhythmla and sedation. o = Pharmacy delivered incorrect medication doses. 1 0/4%
Two errors (0.8%) were fatal and pertained to g £ 8  Pharmacy did not put correct labels on medications. 1 0/4%
. Sy e . . S0 E
Pancuronium Bromide injection without any I_% B _§ Medication experts were not available. 1 0/4%
respiratory support. Of all the intravenous &5 Subtotal 3 17%
ubtota A
. . o
medication errors committed, 38.2% had oc- Grand total 262 100%

curred during the night shift, 31.7% during

the evening shift and 30.2% during the morn-
ing shift. The medications most commonly
subject to errors included Heparin (11.5%), Furosemide (8%),
Nitroglycerin (5.7%), Insulin (3.8%), Metoclopramide (3.8%),
Streptokinase (3.4%), Potassium chloride (3.4%), Enoxaparin
(3.4%), Amiodarone (3.4%), Digoxin (3.1%), Atropine (3.1%),
Midazolam (3.1%), Dopamine (2.7%), Magnesium sulfate
(2.7%) and Ranitidine (2.7%).

4.DISCUSSION

According to the results of the study, the most common
types of intravenous medication administration errors in
order of frequency included the wrong medication, the
wrong dose and the wrong infusion rate errors. In a study
conducted on 94 nurses working in the emergency depart-
ment of a teaching hospital in Tehran, wrong infusion rate
and wrong dose were proposed as the most common medi-
cation errors (8), which is consistent with the results of the
present study. Another study conducted in the internal and
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Table 2 Absolute and relative distribution of factors related to injectable
medication errors by nurses in cardiac critical care units

surgical intensive care unit of a teaching hospital examined
the nurses” performance in 33 working shifts. Dose omis-
sion, wrong dose and wrong medication were introduced as
the most common medication errors committed in this study
(16). A researcher-made questionnaire was completed in an-
other study by 100 nurses working in the intensive care unit
and the emergency, pediatric, internal and surgery depart-
ments, showing the wrong dose error to be the most common
type of error committed (17). In another study conducted
on 332 nurses, the wrong dose and the wrong medication
errors were identified as the most common errors commit-
ted (18). The results of all these studies were consistent with
the results of the present study. A study was conducted
in six internal and surgery departments in two teaching
hospitals in Australia, and the performance of 107 nurses
was examined during the intravenous administration of
568 medication doses. The results of this study showed the
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wrong infusion rate and the drug incompatibility to be the
most common intravenous medication administration errors
(19). In the present study, wrong infusion rate constituted
the most common medication error while drug incompat-
ibility was considered the least common type of medica-
tion error committed by the nurses. A study conducted in
Canada examined 180 patients in a 16-bed internal surgery
intensive care unit over a period of seven months and dur-
ing the administration of 1882 doses of medication over 40
work shifts. Incomplete medication cards or wrong cards
were introduced as the most common errors committed in
this study in order of frequency (20). The present study also
examined medication administration record errors, but did
not assess medication card errors, which constitutes one
limitation of the study.

In a study conducted in four 90-bed hospital departments
of ahospital in Paris, including the cardiac surgery unit, the
internal cardiac unit, the vascular department and the ne-
phrology division, and with the participation of 28 nurses,
wrong time and dose omission were reported to be the
most common errors committed (21). In a study conducted
in five cardiovascular surgery departments in Switzerland
over a period of one month and with the participation of
119 nurses and the administration of 24617 doses of medi-
cations using the self-reporting technique, the wrong time
errors was introduced as the most common medication error
committed (22). In the present study, the wrong time error
was proposed as the ninth most common type of error in
the administration of intravenous medications. As for the
causes of medication errors, the present study found work
conditions to be the most common risk factors associated
with intravenous medication administration errors, with
the lack of sufficient pharmacology information being the
most frequent risk factor. As in the present study, another
study also proposed knowledge deficits and memory er-
rors as the most common causes of medication errors (16).
In yet another research, work conditions were proposed as
the most common cause of medication errors (15). Heavy
workloads and staff shortages were reported as the most
common causes of medication errors in one study conducted
in the UK on 76 nurses who completed a questionnaire (23).
In a study conducted on 96 nurses working in a teaching
hospital in Kermanshah, pharmacological knowledge defi-
cits was proposed as the main cause of medication errors
(5). In another study, memory error, violation of the rules
and pharmacological knowledge deficits were introduced
as the most common causes of intravenous medication
administration errors in critical care units (7). Based on
the results of different studies, heavy workloads and staff
shortages are the main causes of medication errors (15, 23).
All these causes can be categorized under work conditions,
which is somewhat consistent with the results of the pres-
ent study. The causes of medication errors were divided
into two groups: human causes and medical causes. From
the list of the human causes, pharmacology information
deficits, and from the list of medical causes, the use of medi-
cal abbreviations, constituted the most frequent causes of
medication errors (8). In a study conducted in Saudi Arabia,
human causes such as knowledge deficits and personnel
malfunction were introduced as the most common causes
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of medication errors, while ineffective communication, such
as prescription errors and wrong prescription interpreta-
tions were introduced as the second most common cause
of human errors (24). Pharmacological knowledge deficits
constituted the most common cause of error in the present
study too. The use of medical abbreviations and wrong
prescription interpretations can be somewhat categorized
under communication causes; however, none of the errors
reported were due to the use of abbreviations. In a study
conducted on 799 nurses working in 24 hospitals in Jordan,
inappropriate packaging and labeling were introduced as
the major causes of medication errors (25). Inappropriate
packaging was the second most common cause of intrave-
nous medication administration errors in Jordan, which is
somewhat consistent with the present study. According to
the results of one study, nurses with a work experience of
6 years and over commit fewer errors compared to other
nurses (19). In Australia, based on a number of clear medi-
cation errors made by 26 nurses, the causes of medication
errors were divided into 5 categories, including individual,
team, task, patient-related and environmental causes. The
most common causes of medication errors by category
included stress as an individual cause, poor communica-
tion between members as a team cause, unfamiliarity with
medications as a task cause and long shifts or night shifts
as environmental causes (26). Almost all these factors can
be categorized under work conditions, thereby providing
results that are consistent with the present study. The in-
travenous medications most commonly subject to errors in
the present study were Heparin, Furosemide, Nitroglycerin,
Insulin, Metoclopramide, Streptokinase, Potassium chloride,
Enoxaparin, Amiodarone, Digoxin, Atropine, Midazolam,
Dopamine, Magnesium sulfate and Ranitidine, in respec-
tive order of frequency. In another study, cardiovascular
medications, antibiotics, sedatives, analgesics, electrolytes
and hormonal medications were among the medications
most commonly subject to errors (16). In another study,
antibiotics were found to be more subject to medication er-
rors compared to other medications (19). According to the
results of another study, in cardiology departments, cardio-
vascular and central nervous system medications were most
commonly subject to medication errors compared to other
medications. Medication errors occurred more frequently
for intravenous medications than for oral medications (20).
In Iran, antibiotics were reported to be most commonly
subject to medication errors in NICUs (15). Antimicrobial
medications and cardiovascular medications were the first
and second medications most commonly subject to medica-
tion errors in the critical care units (7). Similar to the results
of the present study, antimicrobial medications and cardio-
vascular medications were the first and second medications
most commonly subject to medication errors in 5 critical
care units, CCUs, emergency departments, pediatric depart-
ments and internal and surgery departments (17). Antibiot-
ics are most commonly used in general intensive care units
and other departments compared to in cardiac critical care
units, which might be the reason for their being first on the
list of medications that are mostly commonly subject to
errors compared to their lower status in the present study.

In the present study, 71% of intravenous medication ad-

445



Intravenous Medication Administration Errors and their Causes in Cardiac Critical Care Units in Iran

ministration errors had no consequences for the patients,
while 28.2% had some consequences and 0.8% were fatal.
Similar to the present study, another study found 94% of
medication errors to have no consequences for the patients
and 6% to have some consequences; this study found no fatal
errors (20). In another study, 25.5% of medication errors were
serious, but there were no fatal errors (19). Another study
showed that 0.9% were fatal, 8.2% were life-threatening and
29.1% had serious consequences for the patients (16). As con-
sistent with the present study, the majority of medication
errors had no consequences for the patients.

5. CONCLUSION

According to the results of the present study and in
comparison with the results of other studies, it is necessary
for university training managers to build a stronger phar-
macology knowledge base in their nursing students and
nurses, and for hospital managers to prevent medication
errors from occurring through providing standard work
conditions, such as a standard ratio of nurses to patients,
providing sufficient in-service training, improving the rela-
tionship between the nurses and physicians and facilitating
the 24-hour presence of clinical pharmacology experts for
responding to medication questions.
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