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ABSTRACT

As a part of the essentials in achieving patient safety, medication errors are one of the
most financially detrimental problems in the treatment process faced by health
institutions. This article firstly debriefs the definition of medication error and its general
classification based on the treatment process. Wrong dose calculation has become one of
the most frequent medication errors, especially among anesthesiology-care providers.
This article then concisely defines the side effects of commonly-used anesthesia drugs in
critical and perioperative care. This article examines medication errors prevalence among
anesthesiologists and investigates the line between several risk factors and wrong dosage
calculation. Finally, this article concludes with the elucidation of current trends of drug
dosage calculators and several studies that aim to validate and prove the efficacy of those
applications.

Keywords: anesthetics; calculator application; drug dosage; medication error; patient
safety

INTRODUCTION

The healthcare paradigm is increasingly
shifting from physician-centered to
patient-centered to  ensure  the
accommodation of patient safety. One of
the predicaments in patient safety is
medication error. Medication errors can
potentially prolong the length of stay in
the hospital, increase the cost of
treatment, and increase the risk of
morbidity and mortality. A review in the
United States ascertained that medication
errors occurred in 8 of 1000 patients,
often as wrong doses and wrong drugs,
and accounted for a loss of $8,439
medical expenses.! A survey in Finland

in 2017 found that of 9269 reported
hospital incidents, 5,692 (61 %) of them
were medication errors, and the two most
frequent errors in the administration
were low-molecular heparin (34 %),
opioid drugs (13 %).2 Heparin and
opioids are two of the many high-alert
drugs commonly used in critical or
intensive care circumstances.®

Anesthesiologists  are  particularly
synonymous with the utilization of high-
alert drugs. High alert drugs are a class of
drugs that have a higher risk of inducing
significant harm in patients if incorrectly
administered. These include intravenous
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adrenergic agents, beta-blockers,
intravenous sedation, anticoagulants,
opioid drugs, muscle relaxants, and
inhalation anesthetic agents, all of which
are the bedrocks of anesthesiology.* In
addition, anesthesiologists also have an
understandably heavy workload, such as
a time-critical work environment and
demanding long working hours, so
medication error events are likely to
transpire. A study in the United States
revealed that the administration of
anesthesia drugs contributed to 19 % of
all medication error events. However, the
figures were expected to be more
eminent due to low reporting.® Similarly,
a study in Japan reported about 27 % of
all medication error incidents in all
hospitals involved anesthesia drugs.®

Medication error is a preventable
problem. Medication errors can be
alleviated by reviewing aspects called
"five corrects”, which consists of the
correct indication, the correct patient, the
correct time, the correct drug selection,
and the correct dose.” Technological
advancements allow the mitigation of
errors in  drug dose calculations.
Programming experts have developed
applications®*° that aims to simplify the
calculation of doses for health workers,
especially anesthesiologists and nurse
anesthetists who are very dependent on
the accuracy of drug doses. National
surveys in the US®1%! and the UK
found that all healthcare providers
working in the anesthesiology field,
including nurse anesthetists, resident
anesthetists, and consultant
anesthesiologists, relished using a dose
calculator installed in their smartphones,
and found it helpful in their work when
administering anesthetic drugs, whether
inhalation, local or general. This
literature review will synthesize the
types of medication errors, trends of
aforementioned errors in the world of

Jurnal Anestesiologi Indonesia

anesthesia, and the benefits of drug dose
calculators in patient safety in anesthesia
practice.

MEDICATION ERROR

Definition

Medication error is a failure in the
treatment process that leads to or has the
potential to cause harm to the patients.
The treatment process is all efforts
prepared for managing a disease that
aims to investigate or prevent the disease
or physiological change caused by the
disease. It may consist of therapeutic
drugs and non-therapeutic interventions.
Therefore, when it comes to
pharmacology, it revolves around
compounding, prescribing, transcription
(wherever relevant), dispensing,
administering the drugs, and
subsequently monitoring its effect.'?

Classification

Arronson broadly divides medication
error into two large groups, namely:

a. Mistakes / Planning-related errors
There are two planning-related errors,
namely, knowledge-based errors and
rule-based errors. Knowledge-based
errors can be associated with any degree
of knowledge, such as basic, specialized,
or expert. For example, it is basic
knowledge that penicillin can provoke
allergic reactions; knowing that a patient
is allergic to penicillin is specialized-
level  knowledge;  knowing  that
amoxicillin contains penicillin is expert-
level knowledge. Nescience of any of
these facts can lead to knowledge-based
errors that lead to medication errors. Not
knowing the rationale or the maximum
dose of one drug is another frequent
example of knowledge-based error.
Healthcare providers may prevent
knowledge-based errors by increasing
knowledge, such as ensuring that
students are taught basic therapeutic
principles and tested on their clinical
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application. Another method such as
constantly updating the knowledge of
medicine in every institution. In addition,
the use of computerized decision support
systems, such as dosage calculator
applications or formulary applications,
further allows physicians as prescribers
to conceive fewer errors,1*1°

On the other hand, rule-based errors
consist of (a) errors resulting from a
failure to obey respected rules; or (b)
errors caused by a poor application of the
rules. Errors caused by the application of
poorly formulated standard operating
procedures, incorrectly applying the
standard operating procedures, or failing
to apply respected rules can be overcome
jointly with the medical committee
reviewing and revising the existing
operational standards for a better
future. 1315

b. Skill-based / Implementation-related
errors

There are two implementation-related
errors, namely action-based errors and
memory-based errors.  Action-based
errors are defined as the inappropriate
performance of actions or are familiarly
known as technical errors. For example,
a spelling error occurs when the doctor
intends to write diltiazem but writes
diazepam. This error is defined to occur
when physicians get a failed outcome, or
the imperfect execution of the action
delivered unexpected results. Another
example that often occurs is the
calculation of doses that are wrong or
inaccurate. Technical errors can be
mitigated by continuing to train relevant
medical personnel 1315

Memory-based errors occur when
healthcare providers fail to execute
actions because of forgetfulness. For
example, a clinician intends to give
penicillin but he/she forgets that the
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patient is allergic to it. This type of error
is the most difficult to prevent. The best
way is to provide a system to detect these
errors and allow corrective action either
by computerization or assistance
personnel to re-examine all medical
decisions related to drugs, usually
pharmacy staff.16-18

Based on the treatment process, a
medication error can occur in all four
stages of treatment, namely:

a. Prescribing error

A prescription is a written order which
includes detailed drug instructions that
must meet the "5 rights" rules, namely
the right type of drug, the right patient,
the right dose, the right route of
administration, the right time of
administration, and the frequency. Errors
in the prescribing process or prescription
writing, according to Aronson, include
(1) irrational  prescriptions,  (2)
unreadable writing, and (3) over-dosing
and under-dosing. This type of error
exists abundantly among clinicians.
Apart from the wrong dose,
polypharmacy or the large number of
drugs given are some of the examples of
prescribing errors that also often
occur."1®  Writing a  complete
prescription requires extensive
knowledge and a deep understanding of
the pathophysiology of the disease.
Furthermore, the physician needs to
understand the relevant pharmacological
properties of the drug.!* A survey in Iran
found that individual factors, with
“inadequate medical knowledge” as the
most frequent reason, were the most
widely reported source of prescribing-
type medication error. Fear of being
reprimanded or dismissed caused by
whistle-blowing other colleagues is a
blunder clinician often make.?° Anzan et
al. found that the most human-related
cause of prescribing errors was lack of
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knowledge (40.9 %), followed by
inappropriate drug selection (31.8 %).%

b. Transcribing error

Transcribing errors include changes in
drug names, drug formulations, routes,
doses, dosing regimens  against
prescription orders. This mistake is
commonly made by pharmacists and
doctors. The types of transcribing errors
are as follows:?2* (1) Patient
identification error includes name, age,
gender, registration that is not written or
are incorrectly written on the receipt; (2)
negligence is when a physician has
prescribed a drug but the receipt is not
delivered to the apothecary; (3) errors in
the timing of administration, namely
when the prescribed drug dose is not
given to the patient at a specific time; (4)
dosage error; For instance, when the
prescription says 0.05 mg when it should
have been 0.5 mg on the copy of the
prescription; (5) error in the route of
administration, for example in the
prescription ~ was  ordered  oral
paracetamol over paracetamol infusion;
(6) unreported substitution happens
when a pharmacist substitutes the
prescribed drug using a second-line drug
without the knowledge of the prescribing
doctor.

c. Dispensing error

Errors in the dispensing stage consist of
omissions in dosage compounding,
wrong doses, or wrong drug
formulations. Dispensing errors can be
medication errors given to patients,
errors on labels, and when patients do not
receive drug information. Pharmacists
often make this kind of error. Sard et al.
state that errors in the dispensing stage
mostly happen when drug preparation is
not appropriate and incomplete, nor there
is no drug information (about 3.6 % of all
dispensing errors). A high number of
prescriptions can cause all of those
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problems and must be processed with the
limited number of  pharmacists.
Incomplete or non-existent patient drug
information can cause discrepancies
between what the doctor means in the
prescription and what the patient
dOGS.7’24’25

d. Administering error

Administering errors are the difference
between what the patient received and
what the prescribing author intended in
the initial order. Medication
administration errors are one of the risky
areas of nursing practice, which the main
perpetrators are  nurse  medical
personnel.?*

The distribution of administering errors
indicates that most of these errors
involved omissions in dosing (42 %) or
errors in the timing of administration (50
%). The Patient Safety Agency in the UK
found that medication administration
errors occur in 50 % of all drug
administration in hospitals.?®?” One way
to overcome this is by asking nurses to
re-check drugs at the pharmacy and sign
a re-checking form. This intervention
reduces  missing  sequences  and
emphasizes double-checking. Another
reason for skipping doses, especially
intravenous drugs, is the late mixing of
drugs. Another way to solve the problem
is to ask nurses working in the intensive
care unit (ICU) to notify the satellite
pharmacy half an hour before drug
administration. Hence, late mixed drugs
can be prepared before the time of
administration.

MEDICATION
ANESTHESIA
Anesthesia drugs’ side effects

Anesthesiologists work in a field that
demands critical care and emergency
management. Therefore, they often use
drugs that alter the function of vital

ERROR IN
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organs, such as the brain, heart, and
blood vessels, or chemical agents that
involve acute pain management. The
administration of intravenous adrenergic
agents, beta-blockers, local anesthetics,
intravenous anesthetics, volatile
anesthetics, opioid drugs, anticoagulants,
and muscle relaxants are all
conventional.

a. Local anesthetics

Generally speaking, local anesthesia
agents block the Nat+/K+ ATPase
channels and prevent sodium efflux,
interfering with the stimulation of nerve
fibers by inhibiting depolarization.
Nociceptors, the receptors of pain
stimuli, are more prone to this
mechanism than tactile, such as pressure
and vibration. There are two types of
local anesthesia, injectable and topical.
The popular combination of injectable
anesthesia with epinephrine enhances the
anesthesia  effect by constricting
capillary vessels around the site and
limiting the absorption.  Topical
anesthetics employ a similar mechanism
of action as injectable anesthetics and
must be absorbed cutaneously to affect
dermal nerve endings. Local anesthetics
that are often used range from the fastest
such as lidocaine to the slower but longer
duration of action such as bupivacaine.
The more lipophilic the agent is, the
more effective and longer its duration of
action will be. Consequently, it will
contribute to a greater risk of clinical
toxicity. Hence, bupivacaine is more
likely to cause arrhythmias than
lidocaine, whereas the latter may cause
diminished cardiac contractility, but
without arrhythmias.?®

Local anesthetic systemic toxicity, or
LAST, is the most knowledgeable
complication of local anesthesia which
revolves around the central nervous
system and cardiovascular function. A
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thirty-year-long  prospective  review
starting from 1979 defined that LAST
transpired in 60 % of cases of local
anesthesia. The symptoms began in less
than 5 minutes, and 18 % of the cases
started with prodromal symptoms such
as dizziness, drowsiness, tinnitus,
confusion, dysarthria, perioral
paresthesia, and auditory disturbances.
Central nervous symptoms occurred
more often in lidocaine rather than
bupivacaine and included seizures,
agitation, and loss of consciousness.
However, cardiovascular effects are
more common in bupivacaine, such as
heart rate instability, hypotension, chest
pain, dyspnea, hypertension, ventricular
tachycardia, ventricular fibrillation, and
even asystole. 230

On the other hand, local toxicity mainly
consists of ischemic necrosis on the
applied site. The condition possibly
occurs due to vasoconstriction and is
exacerbated by the irritation from the
injected solution and volume pressures.
A study revealed that the adverse event is
more prominent when anesthetizing
mucosal surfaces, such as the hard palate
or buccal surface.?®

Allergy side effect in local anesthetics
was also recorded. To, Kossintseva, and
de Gannes found that the prevalence of
contact dermatitis to local anesthetics is
significant at 2.4 % among 1819 patients
in British Columbia, Canada. The most
common drug is benzocaine which
occurred in 45 % of subjects, followed by
lidocaine (32 %) and dibucaine (23 %).
Patients who are patch test—positive
should undergo intradermal drug
challenge to a local anesthetic. However,
contact dermatitis is a delayed Type IV
hypersensitivity reaction, so the risk of
anaphylaxis is not concerning.®!
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b. Intravenous anesthetics

One systematic review and meta-analysis
revealed that the most common adverse
event of intravenous sedatives was
hypoxia, with an incidence of 40.2 per
1,000 sedations, followed by post-
operative nausea and vomiting (PONV)
with 16.4 per 1,000 sedation and
hypotension with 15 per 1,000 sedations.
Severe adverse events requiring
emergent medical intervention were rare,
with only a single case of aspiration in
2370 sedations (0,42 per 1000), one case
of laryngospasm in 883 sedations (4.2
per 1000), and only two intubations in
3,636 sedations (0,5 per 1000). The
incidence of agitation (164 per 1000) and
vomiting (170 per 1000). Apnea was
more common with midazolam (51 per
1000). The case of laryngospasm was in
a patient who received ketamine, and the
aspiration and intubations were in
patients who received propofol.
Moreover, except for  propofol,
intravenous sedatives are also known to
depress all aspects of the immunity
system, which further increases the
surgically-induced
immunosuppression.

Intravenous regional anesthetics (IVRA)
has been popular in recent times, mainly
due to its some important advantages:
easily performed, cost-effective and
relatively safe, fast onset of effect (5-10
min), high success rates, good muscle
relaxation, and fast return of sensation. In
some clinical constellations, it might
represent a preferable low-risk technique
for multimorbid patients with a high-risk
profile for general anesthesia (GA). Most
of the observed minor side effects are
associated with symptoms of the central
nervous system (CNS): dizziness,
blurred vision, facial tingling, facial
numbness, metallic taste, tinnitus,
difficulty in speaking, and dysphoria.
Dunbar and Mazze described a
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probability of 2.1 % for mild CNS
reactions. Major adverse events such as
seizures, myoclonia, cardiac depression,
and death (as it was reported for
bupivacaine) have been reported in the
context of IVRA. The cardiac arrest was
also recorded after the use of bupivacaine
for IVRA 3

c. Intravenous opioid

One systematic review on 34 randomized
controlled trials (RCTs) found that
among 4212 non-cancer patients, dry
mouth (25 %), nausea (21 %), and
constipation (15 %) were the most
common adverse events in opioid use.®
In the perioperative setting, another
systematic review and meta-analysis
found that in 23 RCTs, including 1304
subjects, the most common adverse
effects of intravenous opioid is nausea
and vomiting (PONV). Meanwhile,
according to one systematic review, the
most feared respiratory depression in
opioids was found in just four out of
1064 patients and only one needed
temporary respiratory  support for
breathlessness.®® The presence of these
stressful side effects is responsible for
post-operative complications such as
prolonged length of stay, delayed
recovery, unanticipated re-admission,
and, economically, increased costs of
health service.*’

d. Adrenergic agents

The side effects observed with
adrenergic agonists are widespread and
depend on the type of the receptors.
Generally, all four often affect the
changes in blood pressure and heart rate.
Selective agonists that bind to the alpha-
1 receptor can cause hypertension.
Certain drugs that bind to alpha-1
receptors, such as phenylephrine, can
cause reflex bradycardia. Alpha-2 drugs
that selectively bind to the receptor can
cause hypotension, dry mouth, and
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sedation. High doses can cause
respiratory depression and drowsiness.
These effects are most common in
clonidine and dexmedetomidine.
Dexmedetomidine, however, has
protective factors against hypertension
and tachycardia in perioperative settings.
The alpha-2 agonists with a dose higher
than 5 ug/kg body weight and
administered by bolus have a higher risk
of causing adverse events.*

Selective binding to the beta-1 receptor
often causes tachycardia, palpitations,
and hypertension. Tachyarrhythmias and
anxiety are also common. High doses
may cause dangerous arrhythmias. An
example of a selective Bl receptor
agonist is dobutamine. Finally, beta-2
receptor agonists can cause tremors,
tachycardia, palpitations, and anxiety.
Frequent examples are  various
bronchodilators such as albuterol and
salmeterol. A large, multinational, RCT
called Peri-operative ISchemic
Evaluation (POISE), revealed that beta-
adrenergic antagonism given to patients
having non-cardiac surgery reduced the
incidence of post-operative myocardial
infarction but at the cost of post-
operative hypotension, cerebral
infarction, and even death. Two meta-
analyses  supported the  finding,
concluding that perioperative beta-
blocker agents before non-cardiac
surgeries had preventive traits against
nonfatal MI but increased risks of stroke,
hypotension, bradycardia, and death.34°

Non-selective binding to the adrenergic
receptor can cause a variety of side
effects, depending on the active
ingredient and dosage. Common non-
selective agonists are noradrenaline,
adrenaline, and isoproterenol
(isoprenaline). Common side effects are
tachycardia, hypertension, arrhythmia,
palpitation, and anxiety. Norepinephrine
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is probably more selective for the alpha
1 receptor compared to the beta 1
receptor, so it is less likely to cause
arrhythmias than some other
antihypertensive drugs.*

e. Muscle relaxants

What makes muscle relaxants' side
effects dangerous is not solely on their
status as breathlessness potential, but
their interaction with other two drugs in
anesthesia triads. Most local anesthetics
when given in large doses potentiate
neuromuscular blockers.
Antidysrhythmic ~ drugs, such as
quinidine, also potentiate neuromuscular
blockers. Inhalational ~ anesthetics
potentiate the neuromuscular blocking
effect of nondepolarizing neuromuscular
blockers. This potentiation results
mainly in a decrease in the required
dosage of neuromuscular blocker and
prolongation of both the duration of
action of the relaxant and recovery from
neuromuscular block. The magnitude of
this potentiation depends on several
factors, including the duration of
inhalational anesthesia, the specific
inhalational anesthetic used, and the
concentration of inhalational agent
used.*?

Life-threatening anaphylactic (immune-
mediated) or anaphylactoid reactions
caused by neuromuscular blockers
during anesthesia occurred in as often as
1 in 1000 administrations and were
associated with a mortality rate of about
5 %. A study in France by Laxeanire et
al. showed the most common causes of
anaphylaxis in patients who experienced
allergic reactions were reported to be
neuromuscular blocking drugs (58.2 %)
and considered muscle relaxants
responsible for 61.6 % of the 692 cases
of anaphylaxis. In that study, the muscle
relaxants most implicated in anaphylaxis
were vecuronium (n = 130) and
atracurium (n = 107).%
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Incidence

Statistically, based on a limited number
of prospective studies, the incidence of
medication error during anesthesia
practice in hospitals worldwide ranges
from 0.33 % to 0.73 %, and surprisingly,
this figure has not changed over the last
15 years. This data may happen due to a
poor reporting system. Research in the
US found that anesthesiologists
performed one out of twenty
perioperative drug administrations as
medication error with or without
significant drug side effects.
Furthermore, the risk of medication error
events experienced by anesthesiologists
increased exponentially since the second
surgery on the same day.** Research in
Brazil found that, on average, an
anesthesiologist ~ experienced  five
medication errors while on duty every
day.®s The most common type of
medication errors found, according to
several studies in the Middle East,
United Kingdom, and Indonesia is the
administration of the wrong drug and the
wrong dose.*6-5 In summary, there is a
twofold increased risk of medication
error in anesthesia in resident anesthesia
compared to established consultants,
with the most frequent type of
medication error being the wrong drug
and the wrong dose.

According to two systematic reviews,
internal medicine and  anesthesia
departments were the most frequently
reported hospital departments
performing medication errors in all
hospitals in the Middle East.*’*® Macfie
et al. found that in an intensive care
setting, polypharmacy is often performed
by anesthetists, causing medication error
up to 96 per 1000 patients, and this
occurs in conjunction with prescription
drugs that have not previously been
exposed to patients.®°2% Dosage errors
are very frequent in anesthetized patients
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and children, both of whom depend on
expected body weight for potent dosing.
The failures that often occur are
obtaining an accurate weight for the
patient and lack of knowledge by the
providers of the pharmacokinetics and
pharmacodynamics of the drug given.>*

As mentioned earlier, the high-stress
level, the high level of complexity of the
work, and the complex nature of
perioperative care and intensive care,
which race against time, create a higher
risk of medication error scenarios in
anesthesiologists.’5*4°  Nanji et al.
found, in 277 operations observed, there
were a total of 3671 drugs
administration. From  that study,
medication errors and adverse drug
events characterize in 1 out of every 20
drug administrations conducted by an
anesthesiologist. In other words, there
were a total of 153 (79.3 %) medication
errors done by an anesthesiologist, all of
which were preventable.*4%

A study by Webster, which recruited
nearly 7800 anesthesiologists, found that
the frequency of medication error (of all
types) per anesthetic case was 0.75 % (1
per 133 anesthetic procedures) with the
two most frequent forms involving the
wrong dose (20 %) and the wrong drug
(20 %). This finding explains that the
drug side effects during anesthetic
treatment were much more prevalent
than those reported in other drugs.>>® A
survey in Brazil among 91.8 % of
anesthesiologists found that there had
been an average of 5-7 errors per
respondent. The most frequent errors
were medication errors (68.4 %),
followed by dos\e errors (49.1 %).%®
Yamamoto found that over eight years
period, the most frequent medication
error experienced by anesthesiologists in
Japan was overdosing (25 %), followed
by wrong medication administration (23
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%).° Research by Gabriel in France
found that 26 % of 1925
anesthesiologists performed medication
errors. The drugs most frequently
experienced errors in administration,
including the dose or route of
administration, were opioids and
antibiotics.>” Meanwhile, incorrect doses
represent two-thirds of medication
errors. The study of Woo reported that
accidental overdose was eight times
higher in anesthetized pediatric patients
than in adult patients.>®

Risk factors

Several systematic reviews formulate
some of the causes of medication error in
the perioperative setting in anesthetists.
The highest incidence of medication
error reported was due to lack of
knowledge about drugs (45 %), followed
by distraction during prescribing (48 %),
pharmacist-nurse-doctor axis
miscommunication (22 %), haste (23 %),
and inattention (17 %). Lack of
knowledge was reported as a cause of
error in the perioperative area.
Systematic reviews show that poor
communication contributes to errors in
the intraoperative and post-operative
settings. Incorrect labeling and sharing of
needles are the most common causes of
administering errors. Drug labeling,
double-checking manually, and the use
of technology (e.g., label printers,
barcode scanners) can be implemented to
assist in the labeling of syringes and to
reduce administrative errors.>® 5!

DRUG DOSAGE CALCULATOR
APPLICATION

Background

In the perioperative setting, particularly
anesthesia, most drugs are administered
invasively to the patient, either
intravenously, spinal, or a combination
of both. The situation urges the provision
of accurate calculation and decent
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preparation of specific, individualized,
body-weight-based drug doses for each
individual, which varies widely across
age groups. This error-prone process and
the high-risk nature of anesthetic drugs
put the anesthesiologist at high risk for
developing life-threatening medication
errors.%2 One way to mitigate dose
calculation errors is the use of
technology. Programmers have
developed several dose calculators which
can be downloaded on doctors' phones to
assist them in calculating doses. Hence,
dose calculators is quite popular among
attending pediatricians and physicians
who use high-risk drugs.5®%4 In fact, the
pediatric department was the pioneer of
the dose calculator’s implementation, as
its department is associated heavily with
accurate dose prescribing based on
children's body weight.® Stretching back
in 2003, a prospective cohort study found
that dosing errors were issued the most
among pediatricians and the utilization
of a computerized dosing calculator
mitigated the rate of errors.®

Examples

Many smart apps related to drug dose
calculators are available for download in
several online software stores. These
drug dose calculators are available as a
stand-alone or as a part of the hospital
medical application or website. Only
some are trademarked while the majority
often integrate with their own affiliated
hospital computer database. For
example, there is QxMD™, which
provides medical calculators and drug
dosage features, is also primarily a
vehicle for reading medical articles and
journals.” In addition, there s
PedAMINES™ which is a unique dose
calculator application for children in
emergency settings.%? E-Calcutron™ is
an anesthetic dose calculator designed
exclusively  for nursing  students
anesthetists in teaching hospitals in
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Mississippi, USA.®® One app developed
in Indonesia is AnesthCalc™, an
anesthetic and adjuvant dose calculator
developed in Mohammad Hoesin
General Hospital.

Effectiveness

As mentioned earlier, the pediatric
department has popularly utilized the
dosing calculator programs. In 2003,
Kirk et al. revealed that hospitals that
utilized a computerized dose calculator
found a decreased medication error rate
from 28,2 % cases to 12,6 % among 4281
prescriptions.®® Recently documented
review by Zanden et al. in the
Netherlands explained that they have
created, validated, and implemented a
dosing calculator based on their pediatric
formulary, used more than 65,000 times
monthly.%® A study on 100 pediatricians
in Texas found that an electronic dosing
calculator created by Brian Murray may
reduce the number of medication errors
per patient visit. Before implementing
the app, there were ten errors in 28,400
visits, compared to after implementation
which was only a single error occurred in
17,900 visits.”

In the  anesthesiology, similar
breakthroughs have been
groundbreaking. Research in
Mississippi, USA, found that nurse
anesthetists who used a dose calculation
application E-Calutron™ found a benefit
to the accuracy of administering drugs
according to the dose.%® A survey held at
a teaching hospital in Philadelphia, USA,
found that 60 % of residency
anesthetists, consultants, and nurse
anesthetists enjoyed using a mobile
application Epocrates™ to calculate
anesthetic drug doses every week while
on duty.®* Another survey in Chicago,
USA, found that anesthetic dose
calculators QxMD™ were used more
frequently for regional anesthetics and
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antithrombotic drugs among anesthetic
consultants.®” Whereas in the U.K., a
smartphone application called
Anaesthetic Impact Calculator by Kevin
Scott to calculate doses is preferred to
calculate inhaled anesthetic agents over
the intravenous one.”* A study in
Germany found that the dose calculation
application was valid and well-applied in
an emergency department setting, with a
dosing accuracy of 98 % among 74
attending anesthesiologists.”> The recent
revelation was a quasi-experiment in
Brazil by Jara et al. It found that the
implementation of a dosing calculator
smartphone app can greatly diminish
anesthetic-related deaths upon using
doses of ketamine and xylazine (an
analog of clonidine) among mice, with
astonishing total mortality of 8 in 773
subjects (1,03 %) compared to 17 deaths
in 166 (10,3 %).”

CONCLUSION

This literature review’s objective is to
assist the reader to underline many
perspectives modeled by several pieces
of reviews, postulates and studies on
medication errors and drug dosage
calculator applications. It is paramount
because the utilization of applications
has the potential to be implemented as a
standard of care in the anesthesiology
field around the world. There have been
discussions conducted on this topic of the
implementation of technology in
preventing wrong dose calculation. Most
of the research was promising, as the
dosage calculators’ applications were
proven to increase the dose accuracy.
However, we still lack more research at
present to gain better evidence of
whether a more diverse population also
shows similar positive results of
increasing performance or not. It is
crucial to conduct more studies on the
results and identify side factors that may
hamper the implementation of the drug
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dosage calculator applications, such as
level of education, work experience, and
many more.
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