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Abstract

The risk of medicine errors continues to be a challenge to patient safety and they are usually brought about by
multifaceted processes in healthcare with human control and system constraints playing a prominent role.
Nonetheless, in spite of the digital healthcare innovation, preventing such errors remains a challenge that
threatens clinical performance and health care efficiency. The given paper discusses the importance of the
availability of smarter, almost foolproof medication management systems, including sophisticated technologies
like artificial intelligence (Al), machine learning, and decision support automation. Such new technologies can
help revolutionize the way medications are handled, reduce the risk of human error, and establish a
safety/accountability culture in hospitals. System-wide focus on interoperability, user-sets-based-design, and
real-time analytics is the key to compatibility in medication safety.
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1.Introduction

Medication safety remains to be one of the most urgent issues of modern health care, especially where children
are concerned due to the complexity of dosing and differences in physiology that increase the threat of misharm.
Medication errors continue to occur at high rates despite the technological innovations, like smart decision support
systems and Computerized Physician Order Entry (CPOE). According to this residual exposure, the existing error-
prevention measures, though useful, are still not good enough. In the context of healthcare systems in various
countries across the world continually aiming at greater levels of reliability, the prospect of an almost error-free
medication delivery process seems just a futuristic prospect. The challenge, then, is to affect a paradigm shift--a
shift to proactive, acted-upon paradigms that expect, perceive, and preempt a failure threat to the patient before it
occurs(l).

Human diligence has taken a great proportion in the present healthcare infrastructure, nurses and pharmacists are
expected to serve as a last line of defense against prescribing errors, or administration errors. Nonetheless, this
expectation exposes clinical personnel to unrealistic pressure and causes severe cognitive overload, time stress,
and decision fatigue in highly demanding situations. The conventional scenario of the five rights of drug
administration right patient, drug, dose, route, and time are more spread grounds but are reactionary. Even their
extended call the so-called nine rights, which includes documentation, action, form, and response cannot serve
sufficiently as the errors require mitigation in high complexity situations. They depend much on the memory,
attention, and knowledge of context, which are very unreliable and are weak points in terms of human fatigue.
This is of particular concern in pediatrics in which the weight-based administration, use outside the recommended
labeling and narrow therapeutic index require very high levels of precision. The paper by Yamamoto et al. (2013)
highlights the important fact that despite all the guidance given by the sophisticated systems such as CPOE, the
medication errors may still overcome the limitations. They conducted a study in an attempt to find out whether
bedside nurses were able to identify contraindicated orders, which were not noticed through digital systems.
Employing a simulated exercise model that consisted of 513 medication orders, the study tested how nurses would
accept, query, reject, or implement special precautions on every prescription which is what is considered to
replicate cognitive challenges in the real world.

The findings were humbling. There were both errors that have been detected by most nurses and the ones related
to subtle allergies, drug combinations, or obscure contraindications, which were left unnoticed. Years of
experience and a provision of the references did not increase a significant level of detection. The reasoning behind
this finding implies that the error latitude in existing human reliant schemes is by no means thin but more powerful
in the sense that it seems to be more resistant to conventional accommodate-oriented schemes like training,
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reminding records, or other mitigative strategy. As a matter of fact, the study brings about another uncomfortable
reality, the clinicians, not in less expectation of being experts, were not inherently empowered to serve as infallible
filters of errors especially not when they are under pressure.
Examining the kind of errors overlooked, there are a number of systemic problems that would be evident. One is
the challenge of medication name interpretation, most of which have some similarity in spelling or pronunciation
(e.g. Amikacin vs Amicar, or Vigamox vs Augmentin). Second is a mental task of cross-referencing classes of
drugs and allergy history in real-time, which is not necessarily made intuitive by current EMR frontends. Third is
the vulnerability to internal biases, self-esteem patterns, and professional hierarchies which might make nurses
reluctant to doubt the order given by a physician even in situations when they do not recognize it(2).
Besides, in the study, researchers also found that real-life limitations of multitasking and workload simulate the
test conditions of the exercise. In high-pace wards or emergency rooms, nurses are always forced to prioritize
between conflicting claims; i.e., insertion of IVs, vitals, documentation, patient teaching and so on. It is not realistic
or fair that in this kind of setting and environment, one can continue to monitor medical interactions that are rare
but important. This is in line with the authors in that the goal of safety should be based on a reconsideration of the
system design instead of increasing the emphasis of human performance.
The effects of the study go beyond setting up medication. They bring up deeply philosophical questions about
even the structure of healthcare safety itself. Do we have to continue adding layers of human centric protection or
must we redesign the system as being fault tolerant itself? The vision put forward by Yamamoto et al. is more
oriented towards the latter: a future where intelligent systems, automation and machine learning together create an
active safety net. That would be Al powered prescribing systems, live diagnostics, live patient biometrics
verification, auto dose calculations, and error proof drug dispensing systems.
The introduction of such systems would not mean that human interaction would not be necessary anymore but
would increase independence on the manual verification of the risky steps. An example is that medication orders
may be limited to pre-selected Al-verified lists depending on age, weight, allergic history, and diagnosis of the
patient. Artificial intelligence may suggest EMR-linked Automated Dispensing Units (ADUs) could verify and
assemble drugs using the data in the EMR. Smart devices would allow checking the patient identity through
biometric measurements and monitor the infusion procedure with accurate dosage algorithms at the time of
administration. Any variation-Such as wrong drug, dose, patient or time would automatically put a stop and alert
the clinician.

2.Methods

An appropriate control simulation was constructed to simulate clinical decision-making in the real world but under
the usual circumstances of nursing to investigate, rigorously, the possibility that nurses detect medication errors
which might thwart computer-based safety measures including Computerized Physician Order Entry (CPOE). The
setting in which this study was carried out was a pediatric hospital that has implemented a fully functioning
paperless electronic medical record (EMR) system with better integrated CPOE since 2008, a fact that made it a
perfect place to evaluate how human oversight continues to be an inseparable part of technology-enhanced
medication management environment.

Custom paper based evaluation form that allowed to reproduce the workplace process and making of decisions
encountered by nurses when implementing physician orders of medications was the core tool in this investigation.
This exercise was a one-page table full of 513 hypothetical medication orders. Cells on the table were attributes,
each of them had a different clinical situation where a particular patient profile is specified by particular allergies
or medical conditions and that patient should be prescribed a specific medication. The design assured that each
order was measured in the absence of confounding factors including polypharmacy or co-morbidities, hence
forcing participant attention to remain on the interaction between prescribed drug and the provided condition or
allergy(3).

Such a design had multiple functions. To begin with, having all the cases on the same sheet proved to be less
daunting or intimidating compared to a questionnaire which was spread on many pages. It also gave the nurses an
opportunity to go through the exercise without necessarily being cowed with a feeling that they were going through
a long test. Secondly, the large number of total cases, most of which were safe and routine, essentially reproduced
the real-world situation in which nurses would have to filter through most of benign orders in order to locate a few
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harmful orders. The measure of fatigue, repetition and subtle variation in presentation on clinical vigilance was
captured by incorporating a combination of correct, incorrect and precautionary orders in the study.
In an attempt to prevent simulation of the problem and to promote authenticity, nurses were free to access any and
all printed or electronic nursing/medical books or guides they would habitually use in clinical practice e.g. drug
handbook, institutional protocols, or drug databases accessed online. They used references which were recorded
in the form. Nonetheless, the participants were requested to avoid consulting each other in order to maintain
integrity in their personal decision and to prevent cross-contamination of answers.
Respondents or members of the study were selected by simple face-to-face invitation by one of the investigators
during his duty. They were engaged on a voluntary basis and the nurses were allowed to fill the forms at their own
time either in the off-hours at the hospital or at home. Ethics has also been observed since the research was
approved by the Institutional Review Board IRB of the hospital.
To obtain possible variations in the error recognition per nursing specialisation and number of experiences,
participants had to report their self-perceived years of practising in the profession and also specified their preferred
unit of practice (e.g., Emergency Department [ED], Pediatric Intensive Care Unit [PICU], pediatric ward, or
transport team). This enabled the researcher to access how accurate errors were recognized or how many times
pharmacists and references were consulted in relation to some settings or clinical exposure levels.

TABLE 1 Summary of Study Methods

| Category || Details |

Simulation-based observational study using a paper-based
medication order assessment tool.

Pediatric hospital with fully integrated Electronic Medical Records

Study Design

Setting (EMR) and CPOE system.

[Duration |July 2009 — March 2010 |
- 34 volunteer nurses from ED, PICU, pediatric wards, and transport

Participants teams

Licensed nurses practicing in pediatric settings, able to read and
interpret physician orders.

|Too| Used ||One—page table with 513 simulated physician medication orders. |

Error/Precaution
Items

Inclusion Criteria

23 pre-identified error orders; 4 special precaution scenarios.

486 safe and routine orders to mimic clinical reality and introduce
decision fatigue.

1. Carry out the order 2. Refuse the order 3. Consult pharmacist 4.
Use special precautions

Any reference materials (drug handbooks, online databases); peer
discussion prohibited.

Forms manually filled and independently double-entered into a
database by two investigators.

Distractor Items

Response Options

Resources Allowed

Data Collection

Experience

Measurement Self-reported years of nursing experience and clinical unit type.

Accuracy in identifying errors, reference use, pharmacist
consultation, and decision behavior.

Standard and problematic medical orders were mixed when creating the simulation exercise. The orders used in
the problematic orders were founded on the actual medication error cases encountered in the literature together
with institutional experiences. These were most typically common allergy mismatches (e.g., ordering Augmentin
to a patient with an allergy to amoxicillin), medications that sounded similar (e.g., Amikacin and Amicar), and
contraindications because of illness (e.g. prescribing aspirin to a child with leukemia). Furthermore, there were
orders with particular precautions needed instead of rejecting them completely e.g. non-latex equipment of a
patient with meningomyelocele or known latex allergy(4).

The 513 medication orders included in the form faced 23 predefined as errors that needed an answer that involved
a special precaution and a response that mentioned that the order would not be undertaken by the person. All the

Analysis Focus
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27 items were used as the core scoring mechanism to assess the accuracy of the participants. The other 486 cells
acted as distractors- orders that were clinically acceptable and should have been undertaken accurately without
any reservations. This safe-to-unsafe orders ratio corresponded to that found in the real world and which nurses
are normally exposed to and needed to maintain ecological validity.
The nine months period during which data collection was conducted was between July 2009 and March 2010. The
two different investigators entered the data of every form into a digital database independently of each other after
completion to avoid errors. The differences between the two datasets were highlighted with the help of a computer
algorithm and then were resolved by going back to the original forms. This two-way system helped reduce the
form of errors on data entry and the end resultant data were very reliable.
In order to continue examining the decision-making process, there were some more metrics considered, and they
are as follows:
References use frequency of participants.
Consultation rates of pharmacists.
Cases of incorrect order acceptions which did not seem to be necessary.
Cases of reference/pharmacist consultations of a correct (non-error) order.
This mixed-approach helped the researchers both estimate raw perfectness in identifying errors as well as the way
confidence, forethought, and doubt informed the behavior exhibited by nurses operating in different settings. As
an example, it permitted to compare less and more experienced nurses (those who only had five years of
experience). It is especially interesting to note that the study also included the investigation of whether the years
of experience meant more correct detection of the error-prone orders, more common use of the references, or more
hesitation when facing ambiguous situations.
Overall, the study was meticulously thought out methodologically, as it provided a valid, high-volume, simulation-
based examination into the capability of nurses to identify medication errors that circumvent digital safety. The
thoughtful design of the research around the examination of real-life scenarios in clinical practice, closely followed
by the extent and scope of reaction of nurses when deprived of the automated help, give the research insightful
value in the realm of current systems limitations as well as the necessity of more intelligent and adaptive
medication management models.

3.Results

The study included 34 participating nurses who were chosen as a convenience sample of a pediatric medical center
that recruited participants among emergency department (ED) nurses, pediatric intensive care unit (PICU) nurses,
pediatric inpatient ward nurses and transport team nurses. The demographic distribution has shown that 18 nurses
were primarily under the ED, 6 were under PICU, and another 2 with pediatric wards and 1 under transport and
the rest of the nurses did not state their unit. The mean of the years of nursing practice was 7 years and tended to
a spread between 1 and 33 years of experience. It is worth noting that 7 nurses refuse to tell their level of
experience(5).

The participants had to review 513 physician orders, the set of normal and purposefully inappropriate medication
scenarios. Of these, 23 were pre-determined mistakes (i.e. contraindicated or unsuitable due to the presence of a
particular allergy or health condition) and 4 necessitated special care but could not simply be rejected. These 27
critical items were the main focal points of examining the accuracy related to the error detection and precautionary
behavior.

Performance Error Detection

There were significant differences in the accuracy of nurses regarding the identification of the 23 erroneous orders
according to different types of contraindications. Overall, it was a mixed performance with none of the participants
getting perfect identification. Indeed, even the top nurses could only identify only about 78 percent of all error or
precaution items. At the low, 3 nurses were able to identify fewer than 25 per cent (27 targeted items) implying a
dangerous gap that may result in oversight.

A breakdown of lack of error recognition according to type of order showed several troublesome trends. To give
a specific data, only 3% of nurses denied the order of giving Augmentin to the allergic patient whose allergy is
amoxicillin but to their surprise, 91 percent of the nurses accepted the order without acknowledging the danger of
allergy. Errors in cross-allergies with other penicillin-class were also overlooked. To illustrate, when presented
within the amoxicillin allergy context, only 32 per cent of the nurses falsely refused a drug with the misspelled
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trade name, Unison (a typo of Unasyn), whereas 41 per cent correctly indicated that with the misspelled name
Zosyn.
Misconceptions with cephalosporins and fluoroguinolones were also somewhat better, but not complete,
recognized. 50 of nurses accurately anticipated the danger of administering Rocephin to a patient that was allergic
to Ceclor and 35 understood the danger when the patient was allergic to Omnicef. In Vigamox, 15 percent of
nurses read that it is associated with quinolones when the patient has allergy to Cipro and 76 percent on the other
hand denied the order mistakenly because they thought it was contraindicated yet it was not--a false positive that
is confusion between the two drug classes.
Such mistakes as with the use of widely used drugs such as Vicodin and Tylenol (acetaminophen), or Motrin
(ibuprofen) and Aspirin were no exceptions and often missed. The allergy conflict in Vicodin-Tylenol was only
detected by 26 percent of the nurses. A mere 6 percent realized the unsuitability of the prescription of Motrin in
case of a patient with an allergy to Motrin. Conversely, more than three fourths ruled out Pepto-Bismol in Motrin-
allergic patients, which might have been overcompensation arising out of the implied associations between
NSAIDs(6).
Misdiagnoses related to predisposing medical problems were also under-diagnosed. In a case example, Propranol,
a beta-blocker, 62 percent of nurses rejected Propranol for a patient with asthma because it would have caused
bronchospasm but, 38 percent would have given it to shift this risk in order to treat the asthmatic patient. The risks
related to taking Dexamethasone (a corticosteroid) and NSAID drugs such as Motrin or Pepto-Bismol was
frequently overlooked in any patients who have leukemia. Indeed, 18 percent of the nurses resisted the use of such
three medications when administered to leukemic patients.
Any mistakes associated with hemophilia, a bleeding disorder, were also at fault. Only 12 percent of the nurses
refused to use Aspirin in such cases, even though the medication has a powerful action on platelets. The Motrin-
hemophilia problem was spotted by 38 percent, and the problem with Pepto-Bismol was determined by 71 percent.
These results indicate a dichotomous degree of awareness about pharmacodynamics of medication compared to
the processes involved in the disease(7).

TABLE 2 Key Results from the Nurse Error Detection Study

| Category || Details / Findings |

34 nurses (ED: 18, PICU: 6, Ward: 2, Transport: 1, Unspecified:
7)

|Average: 7 years (range: 1-33 years); 7 did not report experience |
|Tota| Orders Reviewed ||513 medication orders per nurse |
23 error orders + 4 precaution-required orders (total: 27 critical

Total Participants

|Years of Experience

Error/Precaution ltems

items)
|Top Performance ||Best nurse identified 78% of error/precaution items |
|Lowest Performance ||3 nurses identified less than 25% of critical items |
|Majority Range ||56% of nurses (19) identified only 25-50% of critical items |
|High Accuracy Range ||On|y 3 nurses (9%) correctly identified more than 70% of errors |
Reference Use Less experienced nurses: 7.5 referencesMore experienced nurses:
(Average) 6.5 references
Pharmacist

. <250, -
Consultations Rare (<25% for most error items)

Augmentin in amoxicillin allergy (91% missed)Unison
misspelling (68% missed)

Precautionary Orders and Oversights

Four of the orders that did not arrive with outright refusals but leave instructions that special precautions should
be taken (concerning latex allergies or certain congenital anomalies, such as meningomyelocele) were regularly
overlooked. In such instances, rather than indicating that the special materials (e.g., non-latex tourniques and
catheters) were needed, the majority of nurses acted in accordance with the assumption that no additional measures
are required. As a matter of illustration, only 15 percent of nurses identified the requirement of non-latex
phlebotomy instruments within a latex allergic patient, and just 3 percent indicated patient precautions in cases
with meningomyelocele although there is a recorded association with latex sensitivity.

Most Missed Errors
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This indicates that protective measures were not always activated even in the aspects where the medication was
not necessarily hazardous but where its application procedures require detailed planning(8).
Uses of reference, Pharmacy consults
There was underutilization of reference materials all round. Studying the number of references used, the average
number of references was 7.5 in less experienced nurses and 6.5 in more experienced, and there are no statistically
significant differences. Interestingly, three nurses with great experience referred to a disproportionately high
number of sources: 17, 18, and 23, respectively, which is indicative of the potential use of systematic checking as
a means of information acquiring and not memory.
It was also not the custom to consult a pharmacist. The choice to clarify was taken by less than 25 percent of the
situation in most of the 23 errors scenarios even in the scenarios when the participants did not know what to do.
This reluctance can be representative of reluctance in the real world by pressure in the workflow, concerns about
their self-confidence, or redundancy of pharmacists in taking such decisions.
The overall Accuracy Spectrum is depicted in the graph.
The total performance of all the 34 nurses was instructive:
Three of the nurses (9 percent) found fewer than 25 percent of the most-important 27 items.
Fifty percent of 19 nurses answered between 25-50 percent.
e The 9 nurses (26%) had a correct response of 51 percent to 67 percent.
e Only, 3 nurses (9%) got above 70% accuracy.
These findings mean that there is a high disparity in the capacity of nurses to identify obscured or omitted
medication errors despite years of experience or by using references. It was also evident that best performing
nurses did not identify close to a quarter of all orders with high-potential error in over half of the cases, meaning
that there are clear limits enforced by the use of human oversight without complementing features.

4.Discussion

The results of this paper demonstrate the important fact in contemporary healthcare: human error is still a
deficiency and risk factor that has not been overcome in any environment even within the facilities assisted by
modernised digital tools like Computerized Physician Order Entry (CPOE) and electronic health records (EMR).
Although they are supposed to be the major mechanisms of protection against medication errors, these systems
cannot be viewed as infallible. When such filtered technological errors leak through, it is then incumbent upon the
frontline health workers, who most times are nurses to identify such failures and rectify them. Nonetheless, as seen
in the study, even already practised nurses often cannot recognize harmful or inappropriate medication orders
particularly when they are doing it as under the conditions simulating the stress, fatigue, and complexity of practice
in the real world.

Among the main lessons learned during this research, there is the fact that none of the participants was able to
discover all the errors, with the most successful reporting about missed around 22 percent of critical problems.
This corroborates a larger issue in the light of the fact that, despite nurses being used ubiquitously as the last line
of offence in the administration of medications, cognitive requirements in the contemporary medical environment
require exponentially more attention than any person, no matter the level of experience, can withstand on their
own. Raising awareness and training cannot be viewed as the only options inasmuch as being able to identify
medication errors in real time, particularly when it comes to issues that are to be solved through interpretation of
allergies, drug classes, contraindications, or subtle medical conditions, is not an issue of either vigilance or training.
It is representative of an over capacity human system strained to the point of unsafe human operation(9).

This paper, too, presents the importance of phase 7 activities, or seemingly minor hindrances like misspelled name
of drugs, look-alike or sound-alike drugs, or uncommon or rare contraindications that could bear a significant
effect in recognition of potential harmful orders. Such mistakes are typical in practice. As an example, consider
“Unison” rather than correct spelling Unasyn, or Amakacin rather than correct spelling Amikacin, the error is
easily misinterpreted or not detected by human beings but digital systems, which rely on rules of spelling, fail to
raise an alarm. Moreover, verbal orders, handwritten notes or free-text entries may contribute to this confusion
and often fail to make it through hardwired error-checking systems.

There was another system flaw illustrated by the underutilization of references and consultations with pharmacists.
Although the external resources were not restricted even in the case of the nurses who were allowed to use them,
most nurses used it very rarely. The causes are numerous; time pressure, confidence with their personal
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understanding, fear of being regarded as incompetent or simply negligence. Although pattern recognition and
memory can be used by the experienced nurses, this study implies that these practices cannot be comprehensive
enough to detect the less straightforward errors. Moreover, the use of pharmacists either through consultation or
through interprofessional pharmacist-physician error prevention intervention was not maximally employed and
remains an evidence-based strategy to mitigate medication-related harm.

The least number of nurses using much needed precautions in the orders that required such action is perhaps the
most surprising. This may include wearing non-latex equipment in cases of latex allergic patients and wearing
non-latex equipment in male patients with meningomyelocele. Such oversights are problematic due to the tendency
to indicate that despite the fact drugs themselves may be suitable, procedural risks can still be dismissed. This
raises concerns as to the extent nurses are able to recognize the clinical context and institutional guidelines reliably
under cognitive load especially in high-speed environments such as emergency care departments.

One should also consider the architecture of the existing care models where human memory, judgement, and
diligence play the significant role, yet there is ample evidence that humans are susceptible to errors as these can
be predictable and frequent particularly when it comes to the completion of repetitive or complex tasks under
pressure. The cultural expectations are that the nurses are expected to correct the mistakes that are overlooked by
the prescription systems which is unrealistic and subjects individuals to undue stress.

Briefly speaking, we cannot hope to achieve safer outcomes in the system that can deal with its limitations only
with the help of humans. Although we need nurse education, checklists, and safety cultures, they are insufficient.
We need to design systems that will take into account human fallibility, provide relief to the mental workload and
remove the need to use memory and vigilance as the primary means of acting as safety nets.

Summing up, the presented research shows that under the condition of smart systems in place, medication errors
are caught and evade detection preventing only in case numbers of nurses get increased, it is not possible to expect
them to notice all the errors. Rather than to demand more of people, the answer is to construct almost error-free
systems that complement rather than strain the human functions. Deliberate attempts to make wise, fail-proof
healthcare environments should increase with the upsurge of the patrons in their desire to have safer patients.

5.Conclusion

Through this research study, it is evident to state that the existing medical care systems, with the involvement of
high-technology application like Computerized Physician Order Entry (CPOE) and electronic records, are still
exposed to errors of medications. In case of failure of such digital controls in identifying wrongs, the task of
encountering errors is passed off to nurses, who are the final overseers before the medication is administered.
Although nurses managed to detect several important issues, there were still numerous mistakes that were not
detected, even by skilled nurses. Such outcomes confirm that human supervision, though necessary, is not enough
as a major protection against injury.

It is not the commitment or ability of clinicians which is the problem, but the very fundamental constraints in
human production in stressful, high-volume complex conditions. Nurses should trust that they possess a high
criterion of clinical accuracy when, at any one time, they are involved in multitasking, decision fatigue and
pressure of time. That, human diligence will suffice to provide safety is not only unrealistic--it is not safe.

To meet the increasing expectation of the population of an almost error-free healthcare delivery, the systems will
have to change drastically, way beyond the existing models. Both the promise of a more significant future of
medication safety and the criticality of an increasingly smarter, integrated set of technologies that go beyond
merely assisting clinicians to one that does not allow errors to happen at all. The technologies must be able to
recognize contraindications, cross-allergies and risks, associated with the condition, automatically, identify the
patient, determine exact dosages, track drug intake without the need of using human memory/manual calculations.
This kind of system will not remove the presence of the clinician, but simply redefine them- transforming the nurse
who is too overworked to be a catcher of errors, to a partner in safety who works in a smart fail-safe environment.
Analysis tools that are reliable, use artificial intelligence and guidance that is easy to follow, should not be
considered extras in the field of healthcare.

To conclude, this study proves that despite optimal clinical settings, medication errors remain one of the prime
threats to patient safety. The answer is not to expect people to do better but make systems where humans have less
to do wrong. Radical changes in the way we provide it are the only way to make significant progress towards the
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end of a truly safe, nearly errorless healthcare system by ensuring resilience and intelligence are built into all levels
of the medication process.
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