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Preface

This book represents the fourth—and the last—volume of Vignettes in Patient Safety. Since
2017, the year of the initial publication of Volume 1, we noted significant and sustained inter-
est in the content published in the subsequent second and third volumes. In total, the first
three volumes were downloaded more than 12,000 times, with more than 50 attributable
scholarly citations. This tremendous success—and validation of our efforts to promote patient
safety —compelled us to embark on the current installment.

The interest in patient safety continues to grow across the world, as evidenced by the emer-
gence of various advocacy movements and the sustained focus on improving treatment out-
comes while eliminating any and all potentially preventable complications. Once again, we are
very proud to play a small part in raising awareness of this critically important—and rapidly
developing —area of clinical expertise. As we emphasize all of the “positives” we must remain
humble and focused because much more work remains ahead of us.

When assessing the first three volumes of the Vignettes for any potential content gaps, we iden-
tified a number of topics that often become overlooked when it comes to general patient safety
discourse. For example, the current volume contains chapters focusing on radiation monitor-
ing and safety; primary care considerations; alarm fatigue; complications of peripheral intra-
venous catheters; as well as the importance of air purification systems to improving patient
outcomes (and safety) through reducing the risk of healthcare associated infections. With the
goal of “zero incidence” for many of the so-called “never events” there continues to be more
room for improvement. As the reader will find throughout this final volume of Vignettes in
Patient Safety, the need to develop, encourage, and support safer healthcare systems is at the
core of building better hospitals and clinics of tomorrow.

Similar to the first three volumes, we utilized a case-based approach, focusing on practical as-
pects of identification and remediation of medical errors, including their root causes and pre-
ventive strategies. We found that by providing our readers with realistic, case-based scenarios,
we empower the audience to better incorporate the educational content in their daily patient
care activities. Through the use of hypothetical scenarios that are based on typical “patterns of
errors,” each chapter highlights its own set of unique circumstances leading to “patient harm”
events. At the same time, we are able to more effectively focus the reader’s attention on oppor-
tunities for improvement in bedside care delivery, clinical team interactions, regulatory con-
siderations, and pertinent system-based processes. We hope that our audience, once equipped
with this important knowledge, will be better positioned to continually reduce the ever-
present risk of medical error in their clinical practices.

Another important component of the case-based approach to patient safety is the realization
that as healthcare providers we do not—and should not—function in silos. Rather, we operate in
an increasingly complex regulatory and clinical environment, characterized by a rapidly evolv-
ing set of expectations and competing priorities. Thus, the impact of the smallest of “adverse
occurrences” within such an intricate system —despite being seemingly “insignificant” at first—
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can result in both substantial and unpredictable impacts on downstream patient outcomes. Yet
despite numerous challenges and opportunities, we remain optimistic that the current system-
wide efforts to provide safer patient care are beginning to demonstrate tangible results.

As noted throughout this entire series, the process of assessing and evaluating patient safety
events has evolved beyond “placing blame” and is now firmly focused on identifying “how
and why” a specific set of events took place. Within this broader context, the overall emphasis
has shifted toward proactively and constructively identifying various opportunities for im-
provement, instituting appropriate remedies, as well as investing in education and patient
safety advocacy.

The editors of Vignettes in Patient Safety would like to acknowledge the tremendous efforts of
all of the people involved in bringing this entire book cycle to fruition. We want to thank our
friends and family who unconditionally supported this important endeavor. We must also for-
mally acknowledge and express our appreciation to all of the authors who contributed their
valuable time, experience, and effort to the Vignettes. Their efforts, especially in the context of
an open source publication model in which the authors support the expenses of a publication,
clearly reflect true dedication to the primary objectives of this book series—and willingness to
share and promote this work’s noble message.

The institutional development of a culture and climate focused on patient safety can be very
difficult to achieve and can be frustrating to those who are truly committed to such efforts. Yet
the growing number of healthcare safety champions, whose vision is to continually improve
patient outcomes through individual and institutional culture change, continue unimpeded on
their quest to achieving better and safer clinics, hospitals, and pharmacies around the world.
One form of such championship is the willingness to share experiences and knowledge
through authoring scholarly works in the form of articles and chapters. Finally, we must rec-
ognize the important role of various departments and institutions in this publication effort,
both through their support of faculty time and effort, as well as through generous contribu-
tions to the open access publication process. It is only through such collaborative undertakings
that we will be able to fulfill our shared goal of promoting patient safety efforts worldwide.

As we complete this final volume of Vignettes in Patient Safety, we hope that the collective ef-
forts of more than 60 authors, spanning more than three years, and resulting in 40 unique vi-
gnette-based chapters, will provide our readers with important and actionable knowledge that
will remain relevant for years to come. As in earlier volumes, we would like to emphasize
once more that sharing one’s knowledge and experiences, with the goal of helping others and
making a difference, constitutes the highest form of giving. On behalf of our entire team of
patient safety champions and experts, we would like to thank you!

Stanislaw P. Stawicki, MD, MBA, FACS, FAIM
Department of Research of Innovation

St. Luke's University Health Network
Bethlehem, Pennsylvania, USA

Michael S. Firstenberg, MD, FACC, FAIM
The Medical Center of Aurora
Colorado, USA
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Introductory Chapter: Patient Safety is the Cornerstone
of Modern Health-Care Delivery Systems

Stanislaw P. Stawicki, Alyssa M. Green, Gary G. Lu,
Gregory Domer, Timothy Oskin and
Michael S. Firstenberg

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.83842

1. Introduction

Patient safety (PS) is inextricably linked to quality of care. In the value-driven paradigm of
modern health-care systems, focus on these critical elements is required for institutions wish-
ing to stay relevant and competitive [1-5]. This is the fourth and final volume of the Vignettes
in Patient Safety. The previous three volumes featured a total of 31 chapters, covering a
multitude of topics in PS and related fields. Discussed among a variety of concepts were
PS education, institutional culture, application of evidence-based practices, handoff com-
munication, disruptive behaviors, fatigue and burnout, team collaboration, and a plethora
of discipline-specific topics [5-7]. The current book adds eight additional chapters, includ-
ing in-depth discussions on communication, medication errors, patient safety culture, alarm
fatigue, radiation safety, complications of intravenous therapy, as well as health-care policy
and operations.

What has become clear over the course of the four volumes of the Vignettes in Patient Safety
is that, despite continuous long-term efforts by health-care systems to enhance PS, numerous
opportunities for improvement remain. In fact, we are all too often faced with the reality that
our still limited knowledge of various gaps in safety, including any associated errors and
consequences, can affect patient quality of life, the overall trust in our health-care systems,
as well as health-care expenses overall [5, 8, 9]. Slowly and methodically, our understand-
ing of how individuals, teams, and systems can more effectively prevent errors continues to
evolve. With the advent of electronic medical records, the ability to capture critical events and
their timing made it possible to construct root cause analyses more effectively and accurately,

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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further accelerating our understanding of various “gaps in safety” and corresponding “fail-
ure modes” [10-12]. It is hoped that these incremental steps will collectively help reduce both
the frequency and impact of medical errors and hopefully lead to better mitigation strategies
and the ultimate attainment of the elusive “zero incidence” goal [13]. Some examples of early
successes include the growing evidence that adverse outcomes are becoming less common
across different areas of care, likely due to a combination of better training and more effec-
tive processes and procedures becoming integrated into existing safety systems [11, 14-16].
Concepts such as “failure to rescue” and “never-events” serve to focus teams on minimizing
relatively infrequent, but often catastrophic events (e.g., hospital acquired infections; delays
in therapy for critical diagnoses such as stroke, sepsis, acute respiratory failure, or acute myo-
cardial infarction) [17-20]. Again, the ultimate goal is to simultaneously achieve 100% readi-
ness and 0% incidence for any such occurrences.

The evolving role of public reporting of quality and safety data, including various clinical
metrics and outcomes, will provide a powerful stimulus for developing processes and sys-
tems that will make patient care both safer and more efficient [21, 22]. However, without
proper organizational and individual context, exclusive attention to such metrics will not
inherently result in better or safer care [23-25]. For example, a study looking at 28 strategies
to improve “door-to-balloon time” (a commonly utilized quality metric in cardiovascular
medicine) across 365 hospitals demonstrated that despite several strategies being associated
with substantial reductions in “door-to-balloon time,” only a minority of institutions was
actually utilizing these proven approaches [26]. It is therefore critically important to evaluate
PS systems in a comprehensive and multifactorial fashion, maintaining open and construc-
tive stance on exploring “what is going right”, “what has gone wrong”, and “what might go
wrong.”

2. Integrative approach to patient safety

The success of patient safety initiatives and corresponding systemic implementations is heav-
ily dependent on the thorough understanding of the overall framework within which struc-
tures, processes, and outcomes dynamically interact in health-care [27]. With that knowledge,
it is important to integrate key processes in order to increase organizational efficiency and
effectiveness. Examples of successful interventions that span across different domains of the
health-care matrix include checklists, standardized handoff protocols, intense analyses/senti-
nel event reviews, and institutional safety and quality improvement projects [5, 7, 28].

Using specialized processes, such as the plan-do-check-act (PDCA) quality improvement
cycle, modern PS protocols and approaches continue to evolve and become increasingly more
optimized [29]. Organizations must continue to transform PS systems into more horizontal,
cross-disciplinary platforms that function in a nonpunitive, fair, respectful, and inclusive fash-
ion [30, 31]. Determinations regarding the importance and relevance of any constructive input
should not be based on hierarchical considerations, but rather on the informational content
being communicated [28, 32, 33]. The end goal is to hard-wire quality and safety improvement
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into the fabric of health-care operations, both clinical and nonclinical [33]. To paraphrase,
there should be a constant emphasis on ensuring that dedicated institutional processes are
focused on making it easy to “do the right thing” and harder to “do the wrong thing.” The
use of checklists helps facilitate just that. Standardization of the process by incorporating all
critical steps into an easy-to-follow framework provides a potent fail-safe measure to prevent
both human and systemic errors [34, 35].

Of importance, continuous real-time review of patient safety and quality processes must be
performed to ensure that all active implementations are being monitored for proper function-
ing, as well as any unintended consequences or down-stream problems, for either the patient
or the health-care system [29, 36, 37]. This can be accomplished through conducting regular
performance improvement initiatives, hiring dedicated staff to track and report on different
quality measures, and building robust systems to ensure not only that safety and quality are
being upheld but also to resolve any issues as they arise [7, 38]. For example, there are numer-
ous initiatives to reduce the incidence of deep vein thrombosis and pulmonary embolisms
[39-41]. Clearly, such initiatives are intended to address a substantial and highly complex set
of PS issues. Yet, it is critical for clinicians to avoid “blindly” following protocols and guide-
lines that rely solely on “guaranteeing” that every patient is receiving “standard of care”
anticoagulation prophylaxis while failing to consider the potential impact of anticoagulation
on bleeding and related complications. Similarly, patients who are fully ambulatory are much
less likely to benefit from antithrombotic prophylaxis than patients who are tethered to their
beds and unlikely to ambulate for three or more days. Finally, clinicians must always be sensi-
tive to the impact of therapeutic anticoagulation under circumstances where risks outweigh
benefits of such intervention [42]. Use of clinical judgment is imperative in such situations in
order to determine the necessity, applicability, and appropriateness of any evidence-based
protocol or guideline.

3. Gradual and sustainable culture change

Patient safety culture depends heavily on institutional ability to create an environment that
welcomes honest disclosure and constructive, nonjudgmental feedback [43]. It has been
shown that more positive PS culture correlates with fewer adverse health-care events [44]. A
change in culture is no easy feat, but it is instrumental in the development of an environment
that does not penalize human error (Figure 1). It has been suggested that although humans
certainly contribute to adverse events, faulty organizational systems are more likely to be
at the root of many of these errors [45]. This suggests that a more fundamental change is
needed to affect the safety and quality of care delivered within the health-care system. It has
been pointed out that institutions fully committed to a culture of patient safety have seen
reductions in medical errors [45]. This involves integration of “error management strategies”
to analyze the causes of error and instituting mechanisms of prevention [46]. Buy-in from
administration as well as other leadership is integral to the process of adoption of a patient
safety culture. Without engagement from leadership, it will be difficult to transform exist-
ing organizational “patterns and habits”. Hospital leadership must set PS as a priority, even
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Figure 1. The relationship between institutional culture of safety and improved patient outcomes involves the presence
of key foundational factors coupled with effective adoption of patient safety initiatives and the fostering of constructive
feedback.

placing it above clinical productivity [45]. Institutional leaders are instrumental in creating
a culture of honest disclosure, support, and constructive feedback. When errors occur, root
cause analysis ensues to understand which specific systemic factors may have been contribu-
tory. The natural inclination to point fingers and blame a specific person or persons for mak-
ing a mistake is discouraged. Adjustments to the system are then implemented to prevent the
reoccurrence of the specific error in question. This includes sitting down with the individuals
involved and addressing what went wrong and what needs to be done to prevent similar
errors in the future. An action plan may include instituting failsafe mechanisms within the
system to prevent performance of certain harmful actions. Development of a patient safety
culture depends heavily on organizational structure and priorities, transformational leader-
ship that can trickle down to other stakeholders as well as effective communication amongst
all parties involved. Taken collectively, all of the above interventions act synergistically to
help create and reinforce a culture of patient safety.

Once safe systems are in place, their preservation becomes critical. In addition, the long-term
goal then transitions into permanent culture change that hopefully becomes a source of pride
for both employees and the organization [7, 28]. Once a culture of safety is achieved, other
aspects of institutional change can occur, including alignment of goals, especially between
clinicians and administration. By association, one can also expect improved employee morale,
enhanced quality of care, and other positive manifestations of a well-functioning organiza-
tion. As a word of caution, the same can also occur “in reverse,” where negative influences
can insidiously and gradually erode various positive elements and influences within the insti-
tutional culture [7, 47-50].
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4. The challenge of habits: The art of learning and unlearning

A culture of safety represents a complex system of behaviors and hardwired procedures,
designed to synergistically create a safe, reliable and efficient, high-quality clinical environ-
ment [51, 52]. The creation of such a sophisticated institutional cultural milieu requires all
stakeholders to commit to unprecedented amounts of commitment and flexibility [51-53]. In
many cases, the organizational transition process can span years and require the replacement
of “bad habits” with positive behaviors—a difficult undertaking given the inherent human
tendency to resist change when having to “unlearn things” [54]. So how do we change bad
habits, motivate people to “do the right thing”, and sustainably instill safe and productive
behaviors? To motivate individuals, we must first recognize why and how people are influ-
enced. In his book Drive: The Surprising Truth About What Motivates Us, Daniel Pink points out
that historically our good behavior has been incentivized with rewards and our bad behaviors
reprimanded [55]. This carries the unintended consequence of undermining an individual’s
motivation. He suggests humans have a strong inner-drive to be autonomous, self-determined,
and connected. We all seek the trifecta of attaining autonomy, mastery, and purpose in both our
work and our lives. Upon achieving these elements, people will take on greater responsibility,
believing they are effecting positive change. With this sense of autonomy and purpose comes
increased self-esteem, confidence, and motivation to go beyond what is merely required. The
pursuit of mastery naturally follows [55].

5. The importance of anonymous event reporting in maintaining
patient safety

In many countries, incident reporting in health-care has become a well-accepted method of
improving overall patient safety [56]. Strategic collection of adverse events and “near misses”
from across our care delivery platforms allows safety specialists to efficiently analyze each
event, identify potential underlying factors, and implement action plans based on this knowl-
edge to help reduce systemic risk levels in the future [5, 7]. However, in the United States,
medical errors continue to be significantly underreported, as exemplified in a study of over
1600 hospitals which concluded that substantial proportion of facilities lacked adequate event
reporting systems [57].

The overarching question then becomes, which components comprise a thorough, accurate,
and effective reporting system design within health-care? Specifically, published studies
identify several factors that are essential to constructive “incident reporting”. These factors
include: staff willingness to report incidents, removal of barriers to incident reporting, the
overall culture surrounding reporting, classifying and monitoring the number of incidents
reported, taxonomies for various types of patient safety events, and the constitution of
incident reporting systems [58-60]. Moreover, one of the greatest challenges that exist with
regards to the incident reporting process is determining a way to create a “no blame” culture
and balancing team accountability versus individual responsibility [58-60].
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Presently, reporting systems within health-care tend to place greater emphasis on collect-
ing reports than on conducting advanced analyses and identifying learning opportunities
that can be gleaned from the available wealth of information [61-63]. One study suggests
that systems should focus on providing health-care professionals with feedback pertain-
ing to incidents that occurred, including any action(s) taken, to then serve as an integral
part of the cycle of continuous improvement and the creation of a culture of safety [64].
Health-care workers who feel protected by employers after disclosing an incident, primar-
ily through anonymity, generally are more likely to report the event through established
mechanisms, and the reported event can then be utilized as a constructive example for all
staff in regards to reducing risks and embracing PS measures. In summary, appropriately
structured, anonymous event reporting programs have contributed to significant changes
in practices, including new care processes, constructive behavioral changes, as well as more
realistic risk perception and awareness of the importance of a culture of safety.

6. Topics in the current book

The current text contains some unique and perhaps under-appreciated topics. Beginning with
“anatomy of medication errors”, there are unique chapters on patient safety culture in primary
care practices, PS perspectives in the context of health-care operations and risk management,
alarm fatigue, the importance of air filtration systems, and even medical radiation safety (both
diagnostic and therapeutic). Although seemingly diverse and unrelated, the common thread
among the chapters of this final volume of The Vignettes is the continued demonstration of
the critical importance of teamwork within our increasingly complex health-care systems.
Again highlighted are the key elements of communication, collaboration, and coordination
[65-67].

7. Conclusion

As our Editorial Team’s journey through the four volumes of The Vignettes in Patient Safety
comes to an end, we hope that our primary goals of increasing awareness and providing
clinically applicable solutions toward enhancing PS have been accomplished satisfactorily.
In addition, what both the editors and authors have recognized is how many more oppor-
tunities there are to better understand the challenges of creating and preserving an institu-
tional culture that is truly focused on patient safety. Without a doubt, and unfortunately,
there could be many more volumes on this topic to help illustrate how complex the current
PS environment has become —and how many opportunities for improvement still exist. It is
easy to become discouraged when one reads and analyzes PS vignettes throughout the four
volumes, realizing that it is sometimes only by accident and luck that satisfactory clinical
results are achieved. At the same time, one must appreciate and be amazed at - especially
given the complexity of modern health-care environment - how much more frequently
things go right and patients get better.
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Abstract

Background: Assessing patient safety culture is a strategic priority worldwide, and Por-
tugal is no exception.

Objective: It is the objective of this work to translate, adapt, validate, and analyze the
reliability of the Medical Office Survey on Patient Safety Culture in Portuguese Primary
Health Care (MOSPSC).

Methods: The methodology adopted focused on transcultural translation and adaptation
using the Translation Guidelines for the Agency for Healthcare Research and Quality
(AHRQ) surveys on Patient Safety Culture, and reliability was conducted using
Cronbach’s a and average inter-item correlation. Exploratory factor analysis and confir-
matory factor analysis were performed to investigate the observed data that fit to the
dimensional structure proposed in the AHRQ Portuguese version.

Results: The initial sample (1 = 7299) was submitted to a missing value analysis, obtaining
a final sample of 4304 surveys. With exploratory factor analysis, it was obtained a struc-
ture with eight composites, one item was removed, and several items moved to other
composites. With confirmatory factor analysis, one composite was removed. For both
proposed model structures, good results were achieved for goodness of fit indices.

Conclusions: The Portuguese version of the MOSPSC resulted in nine composites with
good reliability and construct validity.

Keywords: patient safety, primary care, safety culture, validity, reliability, exploratory
factor analysis, confirmatory factor analysis
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1. Introduction

Health care is vulnerable to error, and so all health care environments and professionals are
involved in complex care processes. Since the IOM report [1], almost all countries and health care
organizations are attending to Patient Safety issues. In more recent years, the European Council
launched a recommendation [2] that shows the importance of establishing patient safety culture
in all health care settings. We can read in this recommendation that a poor patient safety
represents both a severe public health problem and a high economic burden on limited health
resources. A large proportion of adverse events, both in the hospital sector and in primary care,
are preventable with systemic factors appearing to account for a majority of them.

Before implementing patient safety programs, health care staff must understand their safety
culture [3]. Quantitative instruments designed to assess safety culture have been developed,
and a few review articles have been published, which allows a more comprehensive way of
implementing models of safety culture [4]. Measuring health care safety culture enables us to
identify improvements, safety behaviors, and outcomes for both patients and staff. These
instruments should also serve as decision making tools, especially for managers.

Much has been done in hospital environment, and more recently, primary care has also been in
the sights. A few review articles were published allowing researchers and primary care staff to
take robust decisions on tools to assess patient safety culture [5-7].

With the publication of the National Patient Safety Plan (2015-2020), the Portuguese Directory of
Health along with the Portuguese Hospital Association carried out patient safety culture assess-
ment either in hospitals or in primary care. It was published as a national standard, and every 2
years, patient safety culture is assessed either in primary care or in hospitals nationwide.

The purpose of this study was to translate, adapt, validate, and analyze the reliability and
validity of the Portuguese version of the Medical Office Survey on Patient Safety Culture.

2. Methods

2.1. Medical Office Survey on Patient Safety Culture

The Medical Office Survey on Patient Safety Culture (MOSPSC) is a self-administered tool,
which was developed by the Agency for Healthcare Research and Quality (AHRQ) in 2007 [8],
and is designed specifically for outpatient medical office providers and other staff and asks for
their opinions about the culture of patient safety and health care quality in their medical
offices. Although in Portugal the health system is completely different than in the United
States, we considered that the primary care environment and culture are similar, which lead
us to test its use.

This survey has 38 items grouped into 10 composites and includes questions that ask respon-
dents about problems related to exchange information with other settings and about access to
care. Respondents are also asked to rate their medical office in five areas of health care quality
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(patient centered, effective, timely, efficient, and equitable) and to provide an overall rating on
patient safety (Table 1).

Composites Items

1. Teamwork C1; C2; C5;C13

2. Patient Care Tracking/Follow Up D3; D5; D6; D9

3. Organizational Learning F1; F5; F7

4. Overall Perceptions of Patient Safety and Quality F2; F3; F4R; F6R

5. Staff Training C4; C7; C10R

6. Owner/Managing Partner/Leadership Support for Patient Safety EIR; E2R; E3; E4R
7. Communication about Error D7R; D8R; D11; D12
8. Communication Openness D1; D2; D4R; D10R
9. Office Processes and Standardization C8R; C9; C12R; C15
10. Work Pressure and Pace C3R; C6R; C11; C14R

Table 1. MOSPSC composites and items.

According to the MOSPSC author’s [8], patient safety culture composites and its definitions are:

1. Teamwork—the extent to which the office has a culture of teamwork, mutual respect, and
close working relationships among staff and providers.

2. Patient Care Tracking/Follow Up—the extent to which the office reminds patients about
appointments, documents how well patients follow treatment plans, follows up with
patients who need monitoring, and follows up when reports from an outside provider
are not received.

3. Organizational Learning—the extent to which the office has a learning culture that facili-
tates making changes in office processes to improve the quality of patient care and evalu-
ates changes for effectiveness.

4. Overall Perceptions of Patient Safety and Quality —the extent to which the quality of
patient care is more important than getting more work done, office processes are good at
preventing mistakes, and mistakes do not happen more than they should.

5. Staff Training —the extent to the office gives providers and staff effective on-the-job train-
ing, trains them on new processes, and does not assign tasks they have not been trained to
perform.

6. Owner/Managing Partner/Leadership Support for Patient Safety —the extent to which
office leadership actively supports quality and patient safety, places a high priority on
improving patient care processes, does not overlook mistakes, and makes decisions based
on what is best for patients.

7. Communication about Error—the extent to which providers and staff are willing to report
mistakes they observe and do not feel like their mistakes are held against them, and
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providers and staff talk openly about office problems and how to prevent errors from
happening.

8. Communication Openness—the extent to which providers in the office are open to staff
ideas about how to improve office processes, and staff are encouraged to express alterna-
tive viewpoints and do not find it difficult to voice disagreement.

9. Office Processes and Standardization—the extent to which the office is organized, has an
effective workflow, has standardized processes for completing tasks, and has good pro-
cedures for checking the accuracy of work performed.

10. Work Pressure and Pace—the extent to which there are enough staff and providers to
handle the patient load, and the office work pace is not hectic.

Since the publication of the National Patient Safety Plan (2015-2020), the Portuguese Directory
of Health along with the Portuguese Hospital Association carried out patient safety culture
assessment either in hospitals or in primary care. For this purpose, the MOSPSC was the
chosen tool because [8]:

* itraises provider and staff awareness about patient safety;

* it assesses the current status of patient safety culture;

¢ itidentifies strengths and areas for patient safety culture improvement;

* it examines trends in patient safety culture change over time;

* it evaluates the cultural impact of patient safety initiatives and interventions;
¢ it conducts comparisons within and across organizations;

¢ it has been used in several countries in Europe (which makes benchmark possible) [9, 10],
and the results of the LINEUS study [9] show that it is useful and applicable to assess
patient safety culture at primary health care services in Europe.

The European Society for Quality and Safety in Family Practice (EQuiP) and the World Family
Doctors. Caring for People (WONCA Europe) [11] conducted a study to spread the MOSPSC
among EQuiP delegates, explore their views and opinions on the MOSPSC, and explore with
them the feasibility of the MOSPSC among European countries. Nineteen countries were
involved, and 63% of respondents find it would be interesting to use MOSPSC.

2.2. Translation and cultural adaptation process

Immediately after author’s permission for MOSPSC use, the survey was translated from
English to Portuguese (T1) and backward (T2) by two independent translators, native speakers
of Portuguese, and bilingual in English/Portuguese, experienced in this method and knowl-
edgeable about the research objective (Step 1). The two versions (T1 and T2) were compared
with the original version of the MOSPSC (Step 2). Back translation by two independent trans-
lators (R-T1 and R-T2) was carried out by bilingual native English, who were unfamiliar with
the original version of tool and not knowledgeable about the study objectives (Step 3). Dis-
crepancies were assessed, and the cross-cultural adaptations were undertaken (Step 4).
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Content validity and semantic analysis were undertaken by six experts chosen from the
primary care sector and knowledge on this topic and with research experience (Step 5).

The pretest was applied (Step 6), which was aimed at assessing whether the MOSPSC was
understandable to a larger number of people in the target population. The last version of the
MOSPSC was then administered in Web-based format, and we used all recommendations
from AHRQ [11] to publicize and promote the survey.

The Portuguese Directory of Health published a national standard that requires patient safety
culture assessment in primary care units (PCUs) nationwide (52 PCUs) every 2 years. A
personalized link was sent to all PCUs, where a focal point was in charge of facilitating the
administration of the survey. In order to track and maximize response rates, a link was sent to
each office PCU. We sent another link so that the focal point could check response rates along
the administration period, which occurred from March 16 till April 30, 2017.

2.3. Statistical analysis

Our goal was to assess the validity and reliability of the Portuguese version of the MOSPSC, by
verifying if the 10 patient-safety culture composites were appropriate for the Portuguese
population. The R software was used for statistical analysis, and the negatively worded items
were reverse-scored and they are denoted by R letter.

Descriptive statistics were used to examine response variability and missing data. To identify
and eliminate those items with missing data, an individual descriptive item analysis was
performed. A missing-value analysis was performed to verify if it was necessary to remove
surveys from the data set. Every survey with missing values was removed, and surveys with
more than 1 response in the option “not applicable” were removed. For the remaining surveys
with only one answer in option “not applicable,” it was replaced by the middle category in a
five-point Likert scale. An empirical rule of 10 respondents per patient safety culture item in a
survey with 38 items means that at least 380 completed surveys were needed.

A reliability analysis (internal consistency) was performed using Cronbach’s «, where it indi-
cates the extent to which surveys items can be treated as a single latent construct. Values >0.7
reliability is considered adequate for a survey instrument [12], although some authors consider
>0.6 adequate [13]. For the entire survey, Cronbach’s a should be at least 0.9 [12]. However, the
validity of this measure has been questioned, and several authors have suggested alternative
measures. In this study, we also used the average inter-item correlation (AIIC), which is
independent of the number of items and sample size. This measure evaluates how items
within a composite correlate, i.e., there is evidence that the items are measuring the same
underlying composite. A rule-of-thumb is that AIIC should be between 0.15 and 0.5 [14].

An exploratory factor analysis (EFA) was performed. EFA is a cluster of common methods used
to explore the underlying pattern of relationships among multiple observed variables. EFA is
useful for assessing the dimensionality of questionnaire scales that measure underlying latent
variables. Researchers use EFA to hypothesize and, later, confirm, through replication or confir-
matory factor analysis (CFA), the model that gave rise to the interrelationships among the scale’s
variables. EFA for ordinal data, a benefit over conventional criteria, where the Pearson correlation
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matrix is used. Pearson correlations assume that data have been measured on, at least, an equal
interval scale, and a linear relationship exists between the variables. These assumptions are
typically violated in the case of variables measured using ordinal rating scales. Pearson correla-
tions have been found to underestimate the strength of relationships between ordinal items.

EFA is useful for assessing the dimensionality of survey scales that measure underlying latent
variables. This factor analysis gives an indication of the number of factors that the survey
appears to measure of its intended subject. In this way, through EFA, we can investigate if the
Portuguese data will produce different factors from the American structure.

Since the data are ordinal, it was used a polychoric correlation matrix for EFA analysis and a
Varimax rotation. To decide on the number of factors, it was used a parallel analysis [15, 16].
Items with a factor loading lower than 0.4 on all factors were excluded. Libraries psych and
polycor from R were used [17, 18].

We used confirmatory factor analysis (CFA) for ordinal data to compare the Portuguese sample
factor structure to the factor structure reported for the original HSOPSC. CFA for ordinal data will
use diagonally weighted least squares (DWLS) to estimate the model parameters, but it will use
the full weight matrix to compute robust standard errors and a mean- and variance-adjusted test
statistic. We used the goodness-of-fit index (GFI), which accounts for the proportion of observed
covariance between the manifest variables (items), explained by the fitted model (a concept similar
to the coefficient of determination in linear regression). Generally, GFI values between 0.9 and 0.95
indicate good fit, and GFI values above 0.95 indicate a very good fit. Bentler’s comparative fit
index (CFI) was used to correct the underestimation that can occur when samples are small. CFl is
independent from the sample size. Values between 0.9 and 0.95 indicate good fit, and values equal
to or above 0.95 indicate a very good fit. The Tucker-Lewis index (TLI) varies between 0 and 1;
values close to 1 indicate a good fit. Parsimony GPI (PGFI) is obtained to compensate for the
“artificial” improvement in the model, which is achieved simply by adding more parameters, i.e.,
a more complex model may have better fit than a simpler model (parsimonious). Values between
0.6 and 0.8 indicate a reasonable fit and values above 0.8 a good fit. The index root mean square
error of approximation (RMSEA) was used to adjust the model simply by adding more parame-
ters. Empirical studies suggest that the model fit is considered good for values ranging between
0.05 and 0.08 and very good for values less than 0.05. The lavaan library from R was used [19].

3. Results

3.1. Demographic data

A total of 7299 respondents provided feedback (response rate of 32.2%), 38% were nurses, 27%
physicians, and 19% secretary/clerk (Table 2).

Average composite positive responses were obtained (Table 3). The lowest positive scores
were found in composites Work Pressure and Pace, Owner/Managing Partner/Leadership Support
for Patient Safety, and Staff Training. The composites with highest scores were Teamwork, Patient
Care Tracking/Follow Up, and Organization Learning.
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Respondents

N %
Physicians 1954 27
Nurses 2729 38
Assistant 456 6
Secretary 1380 19
Technicians 560 7
Others 136 2
Total 7215
Missing values 84
Total 7299
Table 2. Demographic characteristics.
Composite Average positive responses (%)
1. Teamwork 76
2. Patient Care Tracking/Follow Up 76
3. Organization Learning 71
4. Overall Perceptions of Patient Safety and Quality 69
5. Staff Training 44
6. Owner/Managing Partner/Leadership Support for Patient Safety 31
7. Communication about Error 54
8. Communication Openness 52
9. Office Processes and Standardization 53
10. Work Pressure and Pace 21

Table 3. Composite average positive responses.

3.2. Data screening and pre-analysis

From an initial data set of 7299 respondents, it was removed 587 surveys with missing values
and 2408 surveys with more than 2 answers on the option “not applicable,” getting a final data
set with 4304 surveys, exceeding the minimum necessary. The surveys with one answer in the
option “not applicable” were replaced by the middle category in a five-point Likert scale.

3.3. Reliability analysis

Reliability analysis using Cronbach’s o was performed on the 10 composites to ensure that
individuals were responding consistently to items (Table 4). Considering Cronbach’s a, all
composites had values higher than 0.6, where composite 1 achieved the highest value and
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composite 9 the lowest. Analyzing AIIC coefficient, only composites 1 and 3 obtained values
outside from the reference. In terms of global consistency, both coefficients lead to a good
overall consistency.

Composite No of items Cronbach’s o AIIC
1. Teamwork 4 0.82 0.53
2. Patient Care Tracking/Follow Up 4 0.71 0.38
3. Organization Learning 3 0.79 0.56
4. Overall Perceptions of Patient Safety and Quality 4 0.69 0.38
5. Staff Training 3 0.69 0.43
6. Owner/Managing Partner/Leadership Support for Patient Safety 4 0.69 0.36
7. Communication about Error 4 0.75 0.43
8. Communication Openness 4 0.73 0.40
9. Office Processes and Standardization 4 0.63 0.31
10. Work Pressure and Pace 4 0.75 0.42
Total 38 0.92 0.24

Table 4. Internal consistency statistics.

3.4. Exploratory factor analysis

To examine whether a different structure would give a better fit to the data, an exploratory
factor analysis was performed. To determine how many composites should be retained, it was
obtained the path diagram in Figure 1, where a new structure is proposed. Eight composites
were obtained with 37 items (item F6R was not considered since he had an eigenvalue lower
than 0.4). Comparing this structure with the one proposed by MOSPSC, composites 1, 5, and 6
did not suffer any changes, composites 2 and 10 gained one item each, composite 4 lost 2 items,
composite 8 gained one item and changed other, and composite 3 gained several items from
composites 4, 7 and 9.

It was obtained the coefficients for internal consistency for the new proposed structure by EFA
(Table 5). In a general way, it was obtained better internal consistency coefficients than with
the original structure.

3.5. Confirmatory factor analysis

The fit of the data to the dimensional structure proposed in the original instrument was
analyzed using structural equations models through confirmatory factor analysis (CFA). Cor-
relations between composites are presented in Table 6, where it can be observed that there are
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Figure 1. Path diagram of exploratory factor analysis. Rectangles represent items, circles represent factors (composites),
and the values on the arrows are the eigenvalues.
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Composite No. of items Cronbach’s a AIIC
1. Teamwork* 4 0.82 0.53
2. Patient Care Tracking/Follow Up + 8. Communication Openness (D1) 5 0.73 0.35
3. Organization Learning + 7. Communication about Error (D11, D12) + 9. Office 8 0.88 0.48
Processes and Standardization (C9, C15) + 4. Overall Perceptions of Patient Safety
and Quality (F2)
4. Overall Perceptions of Patient Safety and Quality [F2, F6R] 2 0.76 0.61
5. Staff Training* 3 0.69 0.43
6. Owner/Managing Partner/Leadership Support for Patient Safety* 4 0.69 0.36
8. Communication Openness [D1] + 7. Communication about Error (D7R) + 5 0.78 0.41
Patient Care Tracking/Follow Up (D8)
10. Work Pressure and Pace + 9. Office Processes and Standardization (C12R) 5 0.79 0.42
Total 38 0.92 0.243
*Composites who did not suffer any changes after EFA.
Curve brackets represent added items and rectangular brackets represent removed items from the composite.
Table 5. Internal consistency statistics after structure proposed by exploratory factor analysis.
1 2 3 4 5 6 7 8 9 10
1 1
2 0.495 1
3 0.758 0.588 1
4 0.591 0.533 0.859 1
5 0.570 0.368 0.538 0.516 1
6 0.405 0.302 0.520 0.515 0.549 1
7 0.736 0.679 0.841 0.659 0.499 0.487 1
8 0.788 0.622 0.773 0.648 0.498 0.463 0.893 1
9 0.820 0.606 0.929 0.765 0.669 0.571 0.798 0.763 1
10 0.147 0.117 0.191 0.270 0.357 0.326 0.230 0.153 0.530 1

Table 6. Correlations of the 10 composites.

high values between some composites. This will produce a nonpositive definite matrix of the
covariances of the latent variables. In this sense, composite 9 was removed.

Figure 2 shows the relation of the individual items to the composites. The standardized path
between coefficients shows the strength of these relations. A coefficient less than 0.1 indicates a
low effect; coefficients around 0.3 indicate a medium effect, while large effects are suggested
by coefficients higher or equal of 0.5. In this model, coefficients ranged between 0.45 and 0.87.



Patient Safety Culture in Portuguese Primary Care: Validation of the Portuguese Version of the Medical Office...
http://dx.doi.org/10.5772/intechopen.80035

=]

@ & ®

S

utx,

D
::Mﬁ"‘“g%
P ——

3| - —EE
) D —

- —— ®
:‘*‘Egﬁ
|

AR

2| 4 E

2 | 4— 5
‘F?'”?"f"/""é
g | «

Figure 2.

Confirmatory factor model where composite 9 was removed (34 items).
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Table 7 shows the fit of the confirmatory factor analysis for the model proposed in Figure 2.
The indices CFI and GFI showed a very good fit; RMSEA and TLI showed a good fit and PGFI
a reasonable fit.

Goodness of fit indices Values

CFI 0.98

TLI 0.97

PGFI 0.69

GFI 0.99

RMSEA 0.064 (p value < 0.001)

Table 7. Confirmatory factor analysis model fit indices.

It was also obtained a good overall internal consistency (Cronbach’s a = 0.91, AICC = 0.243).

Considering the model proposed by EFA (Figure 1), it was obtained the CFA model in Figure 3.
In this model, coefficients ranged between 0.45 and 0.88.

The goodness-of-fit indices (Table 8) obtained for EFA model (Figure 3) are very similar to the
ones obtained for the model proposed in Figure 2.

4. Discussion

We have described the results of a translation, an adaptation, and a validation and analyzed
the reliability of the Medical Office Survey on Patient Safety Culture in Portuguese Primary
Health Care. As far as we know, this is the first study on patient safety culture in primary
health care in Portugal with this depth of analysis of the structure of the survey proposed by
the Medical Office Survey.

The lowest positive scores were found in composites Work Pressure and Pace, Owner/Managing
Partner/Leadership Support for Patient Safety, and Staff Training. The composites with highest
scores were Teamwork, Patient Care Tracking/Follow Up, and Organization Learning.

The original survey had a good overall consistency, where the composite Office Processes and
Standardization had the lowest values on internal consistency statistics and the composite
Teamwork the highest. The exploratory factor analysis proposed a structure with eight compos-
ites, where just one item was removed, and several items were spread out by the others
composites. Through confirmatory factor analysis, it was obtained another model structure
where the composite Office Processes and Standardization was removed, leading to a survey with
nine composites with 34 items. In terms of goodness of fit and internal consistency, there were
no substance differences, both achieved good internal consistency and very good fit. It was
decided to choose the structure proposed by CFA, since the differences in terms of structure to
the original one are only by the removal of one composite, allowing comparison of the
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Goodness of fit indices Values

CFI 0.98

TLI 0.97

PGFI 0.72

GFI 0.98

RMSEA 0.066 (p value < 0.001)

Table 8. Confirmatory factor analysis model fit indices for model proposed by EFA.

Portuguese results with the EUA results and other countries that get the same structure.
Furthermore, this structure has a less number of items, getting a more parsimonious model.

A limitation of the study is the low response rate; however, it is not unusual for an open
population study once it was Web-only administrated, although we have identified ways to
publicize your survey and tracked response rates.

Another limitation of the study was the number of missing values. It reduced the representa-
tiveness of the sample and can therefore distort inferences about the population. In future
studies, the results will be compared using imputation methods on missing values and the
impact on the results will be evaluated.

A strength of this study is the statistical method used, particularly in exploratory factor
analysis and confirmatory factor analysis, since they are the most appropriate to the data type
of this study, where bias was reduced. The majority of the studies on the context of this study
still use methods assuming that data are continuous.

As it is well known in Portugal, the Directory of Health has been doing patient safety culture
assessment every 2 years since 2014, which allows all health units to enhance patient safety.

5. Conclusions

The Portuguese version of the MOSPSC resulted in nine composites with good reliability and
construct validity, where the structure differs from the original by removing one composite. In
further studies, it will be performed longitudinal studies to evaluate the impact of patient
safety culture interventions on staff and patients.

Patient safety culture assessment is of a vital importance for all levels of care. In Portugal, we
are caring out this assessment every 2 years, which allows institutions to identify patient safety
culture status in primary care, and it is also seen as an intervention to raise staff awareness
about patient safety issues and a mechanism to evaluate the impact of patient safety improve-
ment initiatives. This assessment also allows primary care institutions to compare their patient
safety culture survey results with others and is a way to track changes in patient safety culture
over time.
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Abstract

One of the cardinal pieces of the Hippocratic Oath is “do no harm”; yet, even in the
very best of contexts, errors, at times fatal, do occur as was reported by the Institute of
Medicine. Surgical procedures are known to cause the majority of serious adverse events.
The Joint Commission report indicates that 60% of serious adverse events are caused
by the lack of physician-patient communication. Some of the factors that make surgical
processes prone to medical errors include the number of steps and people involved and
the fact that the interventions intended for the healing are often in themselves invasive
and can also complicate. The involvement of more than one discipline and individual
requires communication that is clear, understandable, culturally sensitive, and contextu-
ally relevant. One of the center pieces of quality care is its patient-centeredness. This
refers to providing service that is not only respectful but also responsive to individual
patients involving them in the decisions, ensuring their values and preferences are taken
into consideration. It also demands that the care giver provides the patients with rel-
evant and understandable information to enable them in the decision-making and make
informed choices.

Keywords: trust, vulnerability, communication, patient safety, quality of care,
patient-centered, medical errors

1. Introduction

The doctor-patient communication can be said to have evolved over the centuries from that
of paternalistic, to a collaboration that is more patient-centered [1]. In the history of medi-
cine, the sociolinguistic structure of communication by doctors often maintained a style
of high control, which Veatch in 1972 termed priestly style of doctor-patient relationship

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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[2, 3]. It has been noted that this high-handed or authoritarian style of communication
leads to increased medical errors just as was observed in the aviation industry [4]. The
Joint Commission sentinel data reports indicate that lack of communication is responsible
for 60% of the adverse events [5]. A number of studies have highlighted the critical part
communication plays both in the operating room and in the overall management of surgical
patients [1, 3, 6]. A number of researches have highlighted the ways to communicate and the
gaps in communication and why failure is more likely in surgical context [3]. This chapter
aims to review the literature in communication from around the globe and to contextualize
them into the developing world. This is because contexts differ, and similarly, infrastruc-
ture and culture may also differ.

2. Communicating with the surgical patient

Communicating with a surgical patient is unique in many ways since it will not only involve
discussing the diagnosis and surgical management but also communicating with the team
to care for the patient perioperatively. The central person and the team leader in these com-
munications remains the surgeon. Communication can be defined as a process by which
information is exchanged between individuals through a common system of symbols, signs,
or behavior [7, 8]. This implies that at times, communications may not be effective not because
the originator did not have the message but because something went wrong within the pro-
cess of communication.

In this section, we will look at

* The communication processes
¢ Communication models
¢ Communicating with the patient

¢ Communicating with the team of care

2.1. The communication processes

In many books of communication, about 10 components in the communication process are
emphasized. The steps include source, encoding, message, noise, media, receiver, decoding,
receiver response, and feedback within a context.

The communication process involves the source, in this case, the surgeon or the trainee or the
health care worker who wants to communicate with the receiver —the patient. Humans do not
often share thoughts directly like computer gadgets. Therefore, the intended message ought
to be encoded in ways that should be understandable by the receiver who would also need
to decode it. Encoding is an active process of putting the thought into symbols which could
be spoken words or unspoken symbols [9]. The receiver would assign meaning to symbols in
another active process of decoding. The thoughts are encoded to a product called message,
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which is the intended thought you want the receiver to get [10]. The interface by which the
source passes the encoded thoughts (message) to the receiver is media. This interface can get
interference called noise that could be either external, internal, or semantic noise. External
noise includes those issues that are outside of self that will distract from concentration. For
example, reading while the television set is on. Internal noise includes thoughts, feeling,
and conditions within an individual that could interfere with his or her concentration—for
example, fatigue, hunger, and anger. Semantic noise includes the alternative ways in which
the message could be decoded. Response could be action or inaction intended or not intended
by the source’s message; feedback then is what makes the source to acknowledge that com-
munication was successful. Without feedback it would be difficult to know whether one has
communicated successfully [8]. The context of communication and sitting arrangement mat-
ters a lot; the amount of light in a consultation room will help put the patient at ease. Culture
as a component of context will be explored in the next section.

Awareness of the process and the pitfalls that could occur during communication is impor-
tant. The physician-patient relationship has always been personal, so the media for better
understanding would be face to face. The physician must set the environment that would
enable successful communication including when family members are required —meaning
many receivers. A key challenge is that surgery is a team work, and in any team work,
communication is a core competency. Without clear, concise, brief, and timely “closed’ com-
munication, there would be confusion on goals, expectations, timing, and roles of each team
player [11].

2.2. Communication models

Models of communication may help one understand what communication is and how it is
performed:

i. Transmission model, where communication is a means of passing ideas from one person
or organization to the other. Effectiveness is evaluated in terms of being able to manipu-
late others to the goal of the person communicating [6].

ii. Transactional model, where the source understands the receiver well enough to incorpo-
rate that knowledge in the encoding of the message such that the exact same words can
be spoken to diverse audience with different meanings [6].

There are cultural modifications of these models. While the transmission model may appear
to indicate superiority of the source, with a passive listener, some cultures tend to indicate the
role of listener as critical in communication.

In Confucius culture, just as in cultures with high-power distance and are collectivistic, har-
mony and balance through proper behavior are highly regarded in such a way that:-.

a. A particular age determines how you communicate. In African culture, like Swahili, greet-
ings differ with age —the young will use ‘shikamo’. In Korean culture, terms of friendship
differ with age—peers use ‘chingu’, younger on older people use ‘adjussi/adjumoni’ for
male and female, respectively [8, 12].

33
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b. A third party may be used to avoid confrontation with those respected. In African culture,
this is seen in dowry negotiations [8].

¢. Reciprocity is the basis of most relationships, which creates in a group deeper relation-
ship where at times personal and business issues cross over, and is common in Confucius
cultures [8].

In communication to the patient in a global village, and even within a country, one must be cul-
turally sensitive. Cultural competency has been defined as the ability of providers and organiza-
tions to effectively deliver services that meet social, cultural, and linguistic needs of the patient.

The surgeons therefore must understand the culture and the language in which they practice
and the meaning of both spoken and unspoken words in the culture to effectively develop
a healing relationship with their patients. In order to heal, one must get into the world of
the patient. This will enable them to empathize with them and help them understand their
disease better in their own sociocultural context so as to help them overcome not only the
disease but the illness as well [13].

In the intercultural communication, one must be sure to understand the different cultures and
their emphasis; in medicine, one must understand the ethics practiced in different cultural
contexts. Ethics then guides how one communicates. May and Sharratt identified four values
in Western ethics namely autonomy, justice, responsibility, and care [14]. Menkiti identified
African ethics to stress the well-being of the community and economic over political rights
[15]. Other cultural values are more bent on the religion of the individual. Kales theory is that
peace is the fundamental value interculturally; hence, ethical communicators ought to main-
tain that peace through respectful communication, not deliberately misleading, exercising the
right to express one’s self and identification with other cultures [16].

Several approaches for effective intercultural communication have been identified that
include:

a. Business approach—maintenance of self, fostering relationship with the host, and promo-
tion of correct perception of the environment [17]

b. Military approach [16]
* Self-respect—self-confidence
* Self-awareness—understanding how others would the other
¢ Empathy—viewing things through another person’s eye
* Adaptability —ability to adjust to different environment
¢ Interaction—ability to effectively communicate with others
¢ Certainty —ability to accept contradictory situations
¢ Initiative—being open to new situations

e tolerance
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¢. Communication approach—respect for and tolerance of other cultures through four skill areas [16]:

i. Personality strength—which involves knowing oneself, initiating a positive attitude,
and being friendly through

* self-concept—how one views themselves

¢ self-disclosure—willingness to openly and appropriately reveal information about
themselves

* self-monitoring—using social information to control and modify self-presentation
and expression

* social relation—ability to reveal little anxiety about communication

ii. Communication skills which involve being able to encode messages for people in
diverse environments, interacting with them respectfully with flexibility [16].

* Message skills—ability to understand and use language and feedback.
* Behavioral flexibility-ability to select appropriate behavior in diverse situations

¢ Interaction management—a person’s other-oriented ability to initiate interactions,
attentiveness, and responsiveness.

* Social skills—involve empathy and identity maintenance where one is able to put
themselves in the others person’s stead —similar feelings and being able to give feed-
back that commensurate with the counterpart’s identity.

iii. Psychological adjustment—acclimatize to a new environment and cope with frustra-
tion such as stress and alienation (in ambiguous situations).

iv. Cultural awareness.

2.3. Communicating with the patient

Communication between the physician and the patient can take the usual form of patient
interview which comprises

i. information gathering and diagnostic formulation

ii. patient education

e

iii. shared-decision making

iv. delivering bad news

The outcome of the therapeutic encounter is dependent on effective communication; the com-
munication begins with engaging the patient and involves being empathetic to the patient
and family [18]. These two components are therefore the milieu that makes the four aspects
mentioned above possible. The Institute for Healthcare Communication developed a com-
munication for healthcare curriculum that mainly teaches 4-Es of communication, namely
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engage, empathize, educate, and enlist. In this section, we will consider more beginning with
setting the environment right [19-21]. The Kalamazoo consensus added more that included
building the doctor-patient relationship, opening the discussion, gathering information,
understanding the patient’s perspective, sharing information, reaching agreement on prob-
lems and plans, and providing closure [22].

2.3.1. Setting the stage

While the Institute for Healthcare Communication curriculum combines “engage” with
“information gathering” for diagnostic purposes, “setting the stage for communication”
should be treated differently [21]. The setting the stage for communication requires that the
surgeon removes every distraction to help them focus on the patient, and it could have several
components. It includes setting aside the phone, good posture that is upright and open, and
a sitting position that is below the patient’s eye level so as not to be threatening. There should
be lighting in the consultation room. First impressions communicate many things, majorly
the attitude of the individual. How we present ourselves to patients is critical in making the
favorable first impression that can lead to a trusting partnership between the surgeon and the
patient [23]. A smiling face, warm greeting that is coupled with introducing self and any other
person in the room, and firm greeting or social touches will give an impression of openness
and trustworthiness.

2.3.2. Information gathering

Having set the environment, the patient is engaged by eliciting the reason for the visit; this is
usually done by open-ended questions. The patients should be allowed to tell their own story
without interruption as one uses verbal and nonverbal cues to indicate active listening and
keen interest in their words. Patient’s story often should help in diagnostic formulation as
well as their concerns, fears, and the impact of the disease in their life. They must be allowed
to speak freely. The biomedical is the norm, but the patient should be looked at as the whole
person.

The patient often has more than one concern; to avoid “doorknob syndrome”, the provider
needs to engage the patient to put all their agenda on the table [1]. This will help in prioritiz-
ing the agenda of the patient during this visit. Having stated the agenda, the surgeon can
then clarify the agenda and summarize them as well. The physician, after listening to patient
agenda, should agree with the patient on the agenda and also state what he intends to do [24].
Once the agenda is set, the patient is then allowed to tell the full story, and helped along using
facilitative comments such as

¢ “tell me more”

° UGO On/l

A good consultation skill is not just about history taking as learned in textbooks. A good his-
tory will include patient’s ideas, concerns, expectations, and diagnosis. While it is important
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for the doctor to lay his agenda too, it should not be dominating the history taking. Listening
and getting patient perspective is at the heart of good history taking. A true account of a
patient’s concern and how it has evolved over time requires practice, patience, understand-
ing, and concentration. History is a sharing of experience between patient and doctor [25]. A
consultation can allow a patient to unburden himself or herself.

2.3.3. Empathize

The ability to connect with the patient in a deep sense, pay attention keenly, and listen
are central in clinical practice leading to patient trust in the physician and satisfaction of
both the patient and the doctor. Empathy is the ability to understand the patient feelings,
situation, and perspective and to communicate to the patient that one truly does under-
stand. Done well, it helps promote diagnostic accuracy, therapeutic adherence, and patient
satisfaction, while remaining time-efficient. Certain words facilitate empathy when used at
the right time [26].

Empathy has cognitive, affective, and action components. The cognitive component requires
the surgeon to “enter into” the perspective and experience of the patient by using verbal and
nonverbal cues but does not lose own perspective or collapse clinical distance. Emotional
component requires resonant feelings and the action required is the feedback. The surgeon
could use statements such as “Let me see if I have this right” or “I want to be sure I understand
what you mean.” It helps give the patient a chance to correct but also connect and reinforces
the bond between the surgeon and the patient [23].

Sympathy requires that the congruent feelings between the patient and the physician, while
empathy does not. Even when patients are disagreeable, culpable, or unlikable, the surgeon
can still empathize with them.

Barriers to empathy include time constraints, medical jargon, missing clues, and block-
ing behavior by the physician. Active listening means listening to and understanding the
patient. The patients will give clues to their distress and the impact of their experience of
illness; if we fail to acknowledge these clues, patients will repeat them that means pro-
longed patient visit and they will perceive us as “not listening, not caring, or in a rush.” It
is a good practice to have several empathic stems to use to allow one to fill in the blanks
with the emotion or feelings witnessed [27]. The stems could be queries, responses, or
clarifications. Such as:

i. Queries
* “Would you (or could you) tell me a little more about that?”
* “What has this been like for you?”
* “Is there anything else?”
¢ “Are you OK with that?”

e “Hmmmm”
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ii. Clarifications
* “Let me see if I have this right.”
* “I want to make sure I really understand what you're telling me. I am hearing that.”
* “Idon’t want us to go further until I'm sure I've gotten it right.”
¢ “When I'm done, if I've gone astray, I'd appreciate it if you would correct me. OK?”
iii. Responses
* “That sounds very difficult.”
* “Sounds like ...”
* “That’s great! I bet you're feeling pretty good about that.”
¢ “I can imagine that this might feel ...”
* “Anyone in your situation would feel that way ...”
* “I can see that you are ...”

One serious issue why surgeons hardly empathize is the blocking behavior that could be done
by offering advice or reassurance before the main problems have been identified, explaining
away distress as normal, attending to physical aspects only, switching the topic, and “jolly-
ing” patients along [23, 26, 27].

2.3.3.1. Case scenario

The story: A 22-year-old girl was taken by her parents to see a general surgeon for breast lump.
Her history did not indicate any risk but given the surgeon had just dealt with a 24-year-old
lady with breast cancer, the surgeon preceded to perform mastectomy based on FNAC (core
biopsy was then not readily available and was not the norm). The histological result of the
mastectomy indicated fibroadenoma.

The patient’s outcome: re-evaluation revealed that the history and examination did not align
with FNAC and the surgeon should have asked for core biopsy. It is also possible that the
pathologist mixed up results. The patient’s parents filed suit against the original surgeon.

What went wrong? Cognitive bias and ignoring patient history and distraction from the pre-
vious patient made the surgeon to diagnose what was not there.

2.3.4. Patient education

One study comparing primary care physicians with surgeons showed that surgeons
spend more time emphasizing patient education and counseling [28]. Given the complex
intervention and the chances of complication, surgeons get involved in patient education
so as to get informed consent. Unfortunately, much of the explanation is done through
medical jargon, monolog without an attempt to seek the comprehension of the patient.
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Other barriers to patient education are time pressure, language barrier, and limited health
literacy [23, 27, 29].

Patient education is core to the two things for the surgeon namely, informed consent and
shared decision-making, which are discussed in the next sub-section. The aim is to improve
health literacy including knowledge and skills that are conducive for individual survival. It is
performed in clinical setting and its goals are related to patient assessment, diagnosis, prog-
nosis, evaluation, individual needs, and requirements related to interventions. The patient
should receive education and training that is specific and appropriate to care, treatment, and
service provided. It should be personalized to each patient depending on cultural differences,
specific needs, and level of education [30].

At times, we try to force-feed the patients without assessing their understanding. Some of
the strategies that have been suggested include “Ask me 3” from the National Patient Safety
Foundation [31];

¢ What is my problem?

e What do I need to do?

¢ Why is it important for me to do this?

What is important is to break down the information in portions that the patient can under-
stand, avoiding medical jargon, and using teach-back method to assess their comprehension.
For example, instead of using 60%, use “6 out of 10”.

The benefits of patient education include [30]

i. Patient assumes better responsibility for their own health care and ability to manage their
own illness

ii. Provides opportunities to choose healthier lifestyle
iii. Increases patient satisfaction with their care, decreases providers risk of liability.

iv. Provides patient-centered care and as a result, patient’s active involvement in their plan
of care.

v. Increases adherence to treatment regimen, more efficient and cost-effective health
systems.

vi. Ensures continuity of care, reduces complications related to illness.

vii. Maximizes individual independence with possible home care and plans.

2.3.5. Shared decision-making

This involves asking the patient to be involved in making the decision about his or her treat-
ment. It involves discussing candidly all the options of treatment, including not treating at all,
their merits, limitations, and complications. This, however, should be done respectfully and in
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an appropriate language and manner. It will also involve discussing patient values, preferences,
and the best medical evidence that supports the treatment options in a language and respectful,
empathic manner. The barrier would be patients’ desire to be involved, physician knowledge
of patient preference, and physician willing to explore patient concern and preferences [32].

The application of communication models is seen in decision-making in surgery where
there are three ways namely, paternalistic model, informational model, and shared-decision
making model. All these models have their merits and demerits and can actually be used by
well-meaning surgeons. In the paternalistic model, the surgeon makes the decision and the
patient accedes. This model best works in emergency situations. It leaves the patient unin-
formed, assumes that the patient preferences are aligned to the physicians, and leads to low
adherence, less engagement during recovery and dissatisfaction with likelihood or litigation
if untoward outcome occurs [33]. Informational model is where the physician will give only
the information and let the patient decide. It assumes the patient is able to process and take
into consideration their preferences. However, it has been noted that most patients are not
able to process the information, and that given the emotions involved in sickness, some may
even shut down because of information overload. Furthermore, often the physicians may give
biased information. Shared decision involves giving information, hearing from patient and
both parties participating to ensure understanding of patient preferences, and aligning the
physician and patient. It also involves assessing patient judgment [34].

The traditional style of paternalistic communication may not welcome patient’s input and the
patient may also fear being labeled as a “difficult’ patient. But the reward will be that when
patients understand their diagnosis, the implication of treatment, and possible outcomes,
they would own the process and would adhere to treatment protocols [33]. Many other things
could affect adherence and include social support, financial concern, and communication
with the doctor. It may therefore call for exploring the social support and enlisting family or
other important people in their lives. In some cultures, such as Africa, some of the decisions
will have to be family-based.

Several factors may influence patient choice, including information from physician, from fam-
ily, from internet, and other media sources. The physician can also be influenced by the indus-
try, recommendation made previously that may not be useful for the current illness or articles
read with evidence. Certain patient personalities may also be barriers to shared decision-
making; there are patients who will leave the decision to the physician—they prefer minimal
information, others may prefer information only. The physician may also fail to provide a
conducive environment when they discount patient preferences and concerns. Other barriers
include time constraint and physician attitude —some may feel shared decision-making is not
necessary. The physician must ensure the information given is of right quality (understood)
and quantity (not overwhelming) [32].

The patient perspective while making decisions may be fourfold. They may feel the decision
is obvious and can be done immediately or feel overwhelmed and defer it to someone else or
just require time to process and they may require more information to make the decision. The
surgeon must allow the patient time and space to go through the motions. Though it may take
time, once shared decision is made, the process will be long and compliance will be total [32].
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2.3.5.1. Case scenario

The story:

Ms. Rono presented to a health clinic for assessment for a job. When the physicians perform
examination, he finds a 1 cm x 1 cm lump on the right upper outer quadrant. A mammogram
indicates it is BIRAD 4c. He refers the patient to Dr. Otieno, the breast surgeon. Dr. Otieno
confirms the finding and begins talking to Ms. Rono, taking history and performing physi-
cal examination. Dr. Otieno gets to know Ms. Rono’s preference, interest, and life plans. Dr.
Otieno incorporates this knowledge into subsequent discussions about choices for medical
treatment.

Although it may seem a straightforward decision of biopsy on a palpable lump, Dr. Otieno
needs to consider age, physical condition, and whether she would be able to undergo the
treatment based on the results of the biopsy. Equally important would be whether Ms. Rono
would want any treatment if the biopsy revealed a malignancy.

The process should proceed in this manner.

Discuss the risks associated with biopsy. Dr. Otieno should discuss the risk of biopsy itself
that includes infection, bleeding, and cosmetic consequences of the scar. He should ask the
patient questions about her concern and preferences that may arise from her own research or
information from family, friends, and media. Address these concerns at this time.

Determine whether the patient is competent to make decisions. This is often determined
based on the ability of the patient to understand the information and situation awareness,
weigh options, and make and communicate their choice. For Ms. Rono, this includes her cir-
cumstances of coming for check up for a job but now has a new diagnosis. If Ms. Rono is not
competent, then Dr. Otieno should seek out her durable attorney and discuss with her. The
capacity to comprehend is assessed by using teach-back method.

The patient’s outcome:

Ms. Rono and Dr. Otieno make shared decisions to proceed with the biopsy. The biopsy turns
out to be positive for breast malignancy.

Dr. Otieno’s subsequent talks with Ms. Rono require being comprehensive and includes
patient’s preferences and concerns. He should give her options of treatment without surpass-
ing her capacity to understand. The patient potential circumstances should be considered as
she is offered breast conserving surgery (BSCS) versus mastectomy. Can the patient access
and afford radiation after the BCS?

Most patients take time to make a decision and will take more than one visit. The informed
consent and shared decision-making process take time as patient looks for more information
and do further consultation of family and friends. Decision aids such as pamphlets will be
important because she can review the information when she feels she is not under stress.

The informed consent should be performed by the person doing the procedure or understands
the procedure. It should include indications for procedure, steps of the procedure, potential
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complications, benefits of the procedure, options and complications of the alternative pro-
cedures, and risk of not doing anything. Finally, the patient competence and understanding
should be assessed. The core principles of informed consent are that it is not the paper that
matters but the process of involving the patient [33, 34]. It is therefore an opportunity to help
the patient come to shared decision rather than obligation for the surgeon. It is very helpful
as a first step of disclosure should something go wrong and applies to all medical treatment.

Surgeons should be transparent and truthful about their experience and the data that are
available when a patient asks for risk of complications of procedures without being too
detailed in order to help patients in decision-making about their care. The physician should
help the patient interpret data that is available in broad terms as was suggested above [32].

Ms. Rono is choosing whether to undergo mastectomy, or BCS, then radiation. Dr. Otieno
should understand Ms. Rono’s preferences. It is possible that Ms. Rono is most interested
in pursuing the treatment that is likely to leave her with a breast rather than understanding
slight differences in 5-year recurrence rates. Dr. Otieno needs to elicit these priorities during
the conversation about surgical options. At the same time, if Dr. Otieno is excited about a
new surgical modality, like BCS, he needs to be truthful about what the data say and his own
experience with the procedure.

2.3.6. Delivering bad news

The “news” to the patient after clinical assessment or investigation is potentially bad news.
Buckman defines bad news as “any information which adversely and seriously affects an
individual’s view of his or her future” [35]. However, it is the patient who knows what they
consider as bad news. The impact of bad news can only be determined after the recipient’s
expectations and understanding are known. Ms. Rono’s biopsy results could cause her shock
given she did not go with the knowledge of the lump to the doctor.

Sharing of bad news can be difficult for the doctor based on certain factors such as fear of
being blamed for the bad news, fear of arousing strong emotions or causing pain, uneasiness
with their inability to make the disease go away or to answer all the patient’s questions, dif-
ficulty in facing death, and discomfort arising from the fact that they simply do not know how
to carry out the task well [35].

Sharing bad news is frequent and stressful but it is what needs to be done because patients
require knowing the truth about their diagnosis and prognosis. This needs to be handled
sensitively and sincerely. The practice of deception cannot instantly be remedied by a new
routine of insensitive truth telling [36]. The way bad news is discussed can affect the patient’s
understanding of information, satisfaction with medical care, level of hopefulness, and subse-
quent psychological adjustment [35]. As much as many patients desire accurate information
to help them make important quality-of-life decisions, some may find it threatening and may
get into denial or minimizing the significance of the information while continuing with care.

The goal of breaking bad news is fourfold, firstly, to gather information on what the patients
know, their readiness, and their expectations; secondly, to provide appropriate information
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according to patient needs, expectation, and desires; thirdly, to support the patient by reduc-
ing emotional impact and isolation experienced by the patient; and finally, to formulate treat-
ment plan in shared decision model.

This can be done in six steps [36].
a. Setting up

i. The patient and relatives if present require a setting that would be private and if pos-
sible have tissues in case patient is upset.

ii. It is important that the patients have relatives or friends comfortable to accompany
them during these discussions.

iii. Posture and sitting arrangement should be ones that help calm the patient and makes
them relax.

iv. Eye contact, holding the patient’s hand, or any social touch may help make connection
with the patient.

v. Ensure there are no possible interruptions within the time.
b. Assessing patient perception.
Before discussing medical findings, clinical or investigations, the clinician should use

open-ended questions to create a reasonably accurate picture of how the patients perceive
their medical situation.

i. “What have you been told about your situations so far?”
ii. “What is your understanding of the reason we did the mammogram?”

This information can then be used to correct any misinformation and contextualize the
bad news to the patient’s understanding. It may also help to find out if the patient is in
denial either through wishful thinking or omission of essential but unfavorable details or
unrealistic expectations.

c¢. Obtaining patient invitation.

Although most patients desire full information about their diagnosis and prognosis, some
may not. Expressing desire for the information may place the surgeon at ease, and shun-
ning information may indicate a coping mechanism and may be a sign of severity of ill-
ness. The surgeon may prepare the patient at the time of ordering the test by asking

i. “How would you like me to give the information about the test results?”

ii. “Would you like me to give you all the information or sketch out the results and spend
more time in planning the treatment?”

In case they do not want details, the surgeon can offer to answer any question they may
have in future.
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d. Giving patient information

Words that express some form of warning before the bad news is given may prepare the
patient, lessen the shock, and help in processing the information. This may be expression
such as

i. “Unfortunately, I have some bad news to tell you”
ii. “I am sorry to tell you that ...”

Give medical fact by knowing the level of understanding and using correct vocabulary. Avoid
excessive bluntness that may leave the patient isolated and later angry with a tendency to
blame the surgeon-such language as— “your cancer is very bad and if not treated immediately
you are going to die”. Give information in small portion, check patient understanding at
every step, and finally, even if prognosis is poor, avoid using phrases that discourage such
as ‘there is nothing we can do for you’, because the goal of pain and symptom relief is still
options.

e. Being empathetic

This has been addressed above, but for emphasis, patient emotional reactions may vary
from silence to disbelief, crying, denial, or anger. The physician can offer support by giv-
ing empathic response in four steps.

i. Take the cues that may include sadness, silence, or crying
ii. Confirm the emotions with the patient by open questions
iii. Confirm the reason for emotion, mostly connected with bad news
iv. Let the patient know you understand why they could be sad.
f. Strategy and summary

A clear plan and strategy may make the patient less anxious and more certain. However, the
treatment options should be discussed with the patient who is ‘available” emotionally. If the
physician continues, it may appear like the physician’s preferences are more important than
patients. Shared decision-making model engenders shared responsibility and reduces sense
of failure when treatment is not successful. Ensuring the patient has understood, document-
ing the finding, and recording all that is said and done are important.

3. Communicating with the team of care

Surgery is a complex procedure that involves the patient, surgeon, anesthesiologist, nurses,
technician, and relatives and for complete care of patient: nutritionist, physiotherapist, inter-
nist, radiologist, pathologist, radiotherapy experts, and many more. This complexity begins
from the time the patient is admitted from outpatient, through ward, operating room, postop-
erative acute room, and back to the ward and follow up. It is this complexity that could lead
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to medical error as a result of miscommunication. The Agency for Healthcare Research and
Quality (AHRQ) developed tools for communication among the surgical team that aligns the
surgical care well. This is called TeamSTEPPS [37].

The tool begins with at the structure of communication. The structure is called multi-team
system for patient care. Team is defined as two or more people who interact dynamically,
interdependently, and adaptively towards a common and valued goal, have specific roles or
functions, and have a time-limited membership [37]. The core team is a group of care provid-
ers with the closest contact with the patient. They work interdependently to manage patients
from point of assessment to disposition. In the case scenario of Ms. Rono, this would include
Dr. Otieno, surgical resident, intern, and the ward nurse. Contingency team is a time-limited
team formed for emergent or specific events and composed of members from various teams.
This will be the operating room team or the code blue team: a team comprising members are
responsible for managing the operational environment that supports the core team. Ancillary
Services provide direct, task-specific, and time-limited care to patients while also support
services provide indirect service-focused tasks which help to facilitate the optimal health care
experience for patients and their families. This includes nutritionist, physiotherapist, and
social workers [37].

The role of administrators is to establish and communicate vision, develop policies, and set
expectations for staff related to teamwork, support and encourage staff during implementa-
tion and culture change, hold teams accountable for team performance, and define the cul-
ture of the organization. The patient is as the apex of the pyramid, indicating every team is
involved in taking care of the patient (Figure 1).

The team structure is important because it identifies individuals among which information
must be communicated, designates leaders, and mutual support is sought. In a complex
scenario such as this, between-team communication and within-team communication about
tasks and processes are important. Effectiveness of teams can be sabotaged by factors that are
described by Lencioni in his book: The Five Dysfunctions of a Team. This includes inattention
to results, avoidance of accountability, lack of commitment, fear of conflict, and absence of
trust [38]. Therefore, team leadership with concomitant effective communication is key to
patient safety in such context.

In this complexity, effective communication serves as the coordinating mechanism for the
teamwork and is the lifeline of a well-functioning team. The skills to communicate effectively
are essential for patient safety and are the mode by which most of the tools for TeamSTEPPS
are executed. The sentinel event data reported by the Joint Commission between 1995 and
2005 indicate that ineffective communication was the root cause of 66% of the errors reported.
The data from 2010 to 2013 indicate that ineffective communication remain among the top
three causes of sentinel events [5].

Failure of communication within the team or department leads to failure to share information
with the team, failure to request information from others, or direct information to a particular
member of the team and also failure to include patients and their families in communica-
tion involving their care. This will be indicated by poor documentation, that is not timed,
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Figure 1. Multiple team systems.

nonspecific, and incomplete and failure to seek input from the patient. In case of automated
systems, it will also lead to inconsistencies in the utilization of the system [37].

Effective communication is complete, clear, timely, and brief. Complete means commu-
nicating essential information without giving details that may cause confusion and let-
ting the receiver have an opportunity for clarification. Clear information is one that uses
plain language that can be understood by patients and relatives or standard terminologies
understandable to every healthcare provider. Brief means being concise and to the point
and timely implies being dependable to offer and seek information, without delays in
relaying or getting information that could compromise patient care, recheck, and validate
information [37].

Challenges to effective communication include language barriers, distractions such emer-
gency, distance, and personalities that are difficult to communicate with, heavy workload and
varying communication styles, and disagreement which may disrupt flow of information.
Lack of verification and acknowledgement of received information and transitions in care of
patient can lead to communication breakdown [37].

3.1. Case scenario

Ms. Rono, having been investigated, is now admitted for breast conserving surgery. However,
the surgeon who saw her at outpatient is called for an emergency. The trainee assumes that
mastectomy would be better without reference to patient or Dr. Otieno, so they perform mas-
tectomy instead of breast conserving surgery.

This scenario is common where there is no clear and effective communication. A number of
tools have been developed for communication in varying scenarios. Effective teams are led by
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leaders who model communication to achieve team cohesiveness and effectiveness. This leads
to better outcomes to the patient’s and surgeon’s satisfaction. For communication within and
between teams to be effective, the leadership must have a style that facilitates it. A surgeon
may have a disruptive style of communication that puts the patient at risk of mistakes dur-
ing procedures. It interferes with cohesiveness and minimizes the chances of juniors raising
concerns because the environment is not conducive. There are tools that have been developed
to aid teams be effective in their communication, maintain their cohesiveness, and have clear
explicit messages understood and accepted by all members of the team. These tools include
ISBAR, call-outs, handoffs, and check-backs.

ISBAR is a tool that was developed for healthcare workers to communicate about a patient’s
condition. It helps organize one’s thoughts to communicate clearly and completely [37].

I-Introduce yourself.

S-Situation that has made you call.

B-Background of the patient condition and current status.
A-assessment that has led to the concern.

R-Recommendation for the condition.

3.2. Case scenario

It is post-mastectomy day one for Ms. Rono; her drainage tube is not working well and the
mastectomy site is full because of hematoma/seroma. The patient is in pain. The nurse is noti-
fied and so she decides to escalate the problem to the surgeon. She would identify herself by
her name and state that Ms. Rono has a postmastectomy hematoma; she is a patient who had
right sided mastectomy the day before, and currently her drain is not working well. She has
examined and found the mastectomy site to be swollen and warm and suggests that another
drain would help.

While doing this, the nurse and the doctor can use check-back or closed-loop systems that
ensure that the message passed by the nurse is repeated to her by Dr. Otieno and she acknowl-
edges and ascertains the message being passed; this helps in verification of the message. In
situation where, for example, Ms. Rono has bled a lot and requires the resuscitation team,
the nurse would have to use call-out, which means sending the message to all the members
of the team at once. It is a method of sending critical information during an emergent event.
The information is used to prepare the team members to anticipate what the situation is and
how to act. Usually the team leader may distribute tasks that need to be performed to specific
members; the check-back confirms that the team member has received and understood the
message [37].

Most of the hospital staff works in shifts, and it has been noted that most of the adverse events
occur during this change-over period. If the nurse in the morning had noticed the hema-
toma and because of distraction had not called and fails to notify his or her colleagues in the
next shift, that patient may not be attended to until she requires resuscitation, if the bleeding
remains active. To avoid such events, there is a tool used for handoffs, which aims to provide
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accurate information about a patient’s care, treatment and services, current condition, and
any recent or anticipated changes. The information communicated during a handoff must be
accurate to meet patient safety goals [37].

Handoff needs to include transfer of both accountability and responsibility, the person
assuming responsibility must be aware of what they are assuming, and the person hand-
ing over is responsible until both parties are aware of the transfer. It is the responsibility
of the person transferring responsibility to clear up any uncertainty and ambiguity. While
it is important to write and document the issues about the patients, it is reckless to assume
that the person obtaining responsibility will read or understand written or nonverbal com-
munication. Use of checkbacks also does help because it is until the receiver has acknowl-
edged that the handoff is understood and accepted that the responsibility is relinquished.
It may also be an opportunity to review the patient with new thoughts both for quality
and safety, review the certainty of diagnosis, and patient response to treatment, and recent
changes either in plans or response and other contingencies can be reviewed. Handoffs
ensure continuity of care for the patient and hence increase chances of better outcome for
the patient [37].

One of the tools used is I PASS the BATON mnemonic, which means

¢ I—The person handing over introduces themselves

e P—They then give a summary of the patient illness including name, identifiers, age, sex,
and location.

* A—They detail the assessment, like chief complaint, vital signs, symptoms, and diagnosis

¢ S5—The situation the patient is in currently including code status, level of uncertainty,
recent changes, and response to treatment.

* S—GSafety concerns—recent lab values and reports of concern, socio-economic factors,
alerts, and allergies

* Background —Comorbidities, previous episodes, current medications, and family history
¢ Action—What actions were taken or are required? Provide brief rationale for the actions

* Timing—Level of urgency and explicit timing and prioritization of actions

* Ownership—Who is responsible (nurse/doctor/team)? Includes patient/family responsibilities
* Next—What will happen next? Anticipated changes? What is the plan? Are there contin-

gency plans.

It is important for the person taking over to verbally question, confirm, and challenge the
assumptions of those who take care of the patient at this point. The clinical team leadership
for the surgical patient is always the surgeon. The surgeon is therefore expected to model
appropriate behavior, share information proactively, defer to expertise or delegate as appro-
priate, use resources appropriately, provide feedback and coach those he leads, assist team
members to manage conflicts, and always act in patient’s interest [37].
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One of the most effective communication tools that surgical teams have ever used that have
reduced medical errors in operative room is the WHO operative checklist. It helps the team
of the surgeon, anesthesia, scrub nurse, circulating nurse, and technicians communicate
smoothly. Surgical team leaders share information proactively with their teams, using com-
ponents of the safe surgical checklist including briefings, huddles, and debriefings. They will
initiate and ensure that the time-outs are run. They can delegate or defer to experts and cur-
rently there is enough information to say that surgical teams who do not use surgical checklist
endanger the patient. When it was introduced, the recorded reduction in mortality was 47%
and reduction in complication was 35%. Surgical teams who use these skills capture errors
before they can cause patient harm and it is the responsibility of the surgeon to ensure that all
the elements of the checklist are performed as intended [39-41].

The entire surgical team introduce themselves and their roles before the incision and agree
on the surgical procedure, surgical site and preoperative prophylaxis. During the first brief-
ing, the surgeon shares the surgical plan, possible difficulties, expected duration, anticipated
blood loss, and implants or equipment needed. The anesthesiologists also share their plan,
their airway concerns including equipment. The nursing team shares sterility of equipment
issues and other concerns they may have. Debriefing is sign out part that ensures the counts
are fine, records are kept of the procedure, specimen is labeled, and a review of what was
done in terms of roles, what went well, what should we change, and what can improve. Any
error avoided, did we ask or offer assistance and was situation awareness maintained, was
communication clear [40].

Within the checklist is included one of the tools that not only help with safety but also quality
improvement and that are debriefing (Table 1). It should be done by the clinical team leader
when everyone is still in the room, after sponge count, specimen is labeled, and procedure
identification is done. The surgeon should facilitate the discussion by asking some of the
questions above; they could also recap the situation, background, nay key event that occurs
and summarize the lessons learnt.

Given the nature of surgery is that of teamwork, it is inevitable that conflict will arise because
of differences in clinical knowledge, work approaches, values, opinions, or personality.
Conflict resolution is key to delivering safe quality surgical care. Skills for resolving conflict
will enhance team effectiveness and improve their outcomes. An effective leader will not
allow interpersonal or irrelevant issues to negatively affect the team. They should not avoid
but acknowledge and assist the team members to manage conflict with two challenges—CUS
and DESC [37].

DESC challenge is a constructive approach of managing and resolving conflict that involves
describing the specific situation, expressing your concern about the action, and suggesting
alternatives while stating the consequences of the actions. The effectiveness of this method
could be maximized by having timely discussion, in a private place, framing the problem
in one’s own experience and working for the right of the patient, using “I”, avoiding blame
games, focus on what is right not on who is right, critiquing, and not criticizing [37].

CUS challenge is that for being concerned or need clarity, I am uncomfortable, this is safety
issues (I am scared STOP!). These two challenges are useful in raising concern about safety [37].
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Before anesthesia

Before skin incision

Before patient leaves operating room

Sign in

Patient has confirmed
¢ Identity

e Site

e Procedure

e Consent

Site marked/not applicable

Anesthesia check list completed

Pulse oximeter on patient and
functioning

Does the patient have
¢ Known allergies: Yes/No
¢ Difficult airway/aspiration risk

No/Yes, and equipment assistance

available
e Risk of >500 ml of blood loss
(7 ml/Kg for children)

No/Yes and adequate intravenous
access and fluid available

Time out

Confirm all team members have
introduced themselves by name
and role

Surgeon, anesthesia professional
and nurse verbally confirm

e Patient
e Site
e Procedure

Anticipated critical events

® Surgeon reviews: what are
the critical or unexpected
steps, operative duration,
and anticipated blood loss.
Anesthesia team: Are there any
patient-specific concerns

¢ Nursing team reviews: Has
sterility (including indicator
results) been confirmed? Are
there equipment issues or
concerns?

Has antibiotic prophylaxis been
given within the last 60 minutes?

Yes/Not applicable
Is essential imaging displayed

Yes/Not applicable.

Sign out

Nurse verbally confirms with the team:

The name of the procedure recorded the
instrument, sponge and needle counts are
correct (or not applicable)

How specimen is labeled (Including
patient name).

Whether there are any equipment
problems to be addressed.

Surgeon, anesthesia professional and
nurse review the key concerns for
recovery and management of this patient
(Debrief).

o Communication clear?

*  Roles and responsibilities understood?
o Situation awareness maintained?

o Workload distribution?

*  Did we ask for or offer assistance?

o Were errors made or avoided?

®  What went well, what should change,
what can improve?

Table 1. WHO safety checklist.

Everyone in the team should be made aware that it is their responsibility to assertively raise
their voice at least two times to ensure they are heard, that the member being challenged must
acknowledge, and that if the outcome is not acceptable, a stronger action should be taken with
the supervisor and that there should be stop the line in issues about safety including cessation
of the process. While conflicts are common, that about 40% of the leader’s time is spend on
this, solving is critical to becoming productive and increase possibility of satisfaction of the

physician and patient [37].
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There are other ways of managing conflict that has not been found to improve patient out-
comes. These include compromise where both parties settle for less, avoidance where the
issue is sidestepped or ignored altogether, accommodation or deference where the focus on
preserving the relationship and not the patient interest override, or dominance where the
higher status member wins or whoever yells the loudest. When the surgeon words belittle or
intimidate members, it inhibits willingness to speak up and hence the surgeon must be will-
ing to listen, follow ad model effective communication, and be the role model [37].

4. Conclusion

For medicine to be healing, communication with patient and other healthcare workers must be
effective and efficient. The traditional models of communications in principle and theory are
changing to include consideration for the global nature of the practice of medicine. New models
and tools for better communication with colleagues, patients, and their relatives have been devel-
oped. Research has indicated that those who use these tools consistently have not only gained
clarity in their communication but they improve physician-patient relationship and outcomes
as well. Cultural considerations and modifications of models to fit international communication
have led to the need of cultural competency in clinical practice. All these efforts are employed to
ensure that consideration is given to the patient and outcomes in whatever context they may be. In
communication, there can be misunderstanding; these must be solved speedily and in a way that
is respectful to both party’s perspectives so that the main interest remains the good of the patient.
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Abstract

This chapter provides an overview of key topics in the area of radiation safety. Three clinical
vignettes will serve to frame the review of the literature around both diagnostic radiation
exposure and the risk of radioisotope contamination. Advancement in medical technology
is rarely innocuous, and the use of radiation as both means to diagnose and treat certain
conditions is not an exception. It is very important for clinicians to review the basics of
harmful medical radiation exposure since, although seldom encountered, treatment, and
outcomes are time sensitive. The advent of newer technology and the widespread avail-
ability of equipment will only serve to increase the prevalence of potentially harmful medi-
cal radiation exposure. Moreover, this chapter aims to explore current multidisciplinary
endeavors to provide safe and efficient use of radiation in medicine. Solely relying on the
medical profession for development of safeguards against harmful medical radiation expo-
sure would be an impossible task. This is why it is crucial for professionals such as health
physicists, radiation safety enforcement officers, and policy-makers at the state, national,
and international level to establish consensus guidelines aimed toward safe, reliable uti-
lization of radiation in medicine. Part of this interdisciplinary approach needs to focus on
accurate education of patients. A thorough assessment of acute radiation syndrome, includ-
ing diagnosis, treatment, and prognostic indicators is also part of this chapter. Furthermore,
principles of screening for, and protection from, radiation contamination are outlined.
Finally, areas for further research are identified throughout the chapter. The discussion
takes into account both US-based and International research and practice guidelines.
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1. Introduction

Because of its low incidence, the risk of patient exposure to ionizing radiation is often under-
estimated —and underappreciated —as a patient safety (PS) threat across various healthcare
settings. Consequently, the Joint Commission mandates that hospitals prepare for managing
radiation-related risks in terms of protecting patients from unnecessary exposure, limiting
any associated potential damage, monitoring the types and extent of radiation, and maintain-
ing proficiency in decontamination procedures in cases of direct radioactive isotope contact
[1, 2]. In terms of everyday healthcare facility functioning, there is a dual focus to ensure
that radiation safety standards are met: (a) avoidance of unnecessary exposure including
improper dosing and (b) assurance that radioactive material will be properly handled and
disposed [2].

Regardless of the details or the mode of delivery, the intent of the treating team should always
be the reduction in both short- and long-term radiation exposures [3]. It has been recom-
mended by different organizations and authors that radiation exposure reduction (RER)
efforts encompass both pre-procedural and procedural phases of treatment [4, 5]. The use of
radiation for diagnostic or therapeutic indications (RDTI) has clear benefits when appropri-
ately directed and supervised. However, serious errors, prolonged or repeated exposures, and
lack of supervision can be associated with significant adverse consequences, including the
risk of acute radiation sickness, malignancy, and death [6-10]. Table 1 [top section] lists the

Side effect Frequency Minimum exposure amount (Rads)
Hyperpigmentation/erythema >50% 50-200

Mild fatigue >50% 50-200

Mild myelosuppression >50% 50-200

Skin desquamation <10% 100

Mild nausea/vomiting/diarrhea <10% 100-400

Intractable vomiting/diarrhea 90% >400

Comparison of alternative units of measure Conversion factor

1Rad 0.01 Joule/kg; 0.01 Gray; 0.01 Sv

1 Millirad 0.00001 Joule/kg; 0.00001 Gray; 0.00001 Sv
1 Milligray; 1 Centigray; 1 Decigray; 1 Dekagray 0.1; 1; 10; 1000 Rads, etc. (respectively)
1 Coulomb/kg 3876 Roentgen; 3875 Parker; 3875 Rep
1 Millicoulomb/kg 3.876 Roentgen*

1 Microcoulomb/kg 0.003876 Roentgen*

1 Tissue Roentgen 1 Roentgen

kg =kilogram; Sv = Sievert; * = same applies for Parker and Rep units.

Table 1. Approximate incidence of adverse effect at different radiation exposures measured in Rads.
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approximate incidence of adverse effects at various levels of radiation exposure (measured in
Rads). In addition, comparative descriptions of alternative radiation units of measure are pro-
vided for the reader in the lower section of Table 1. The latter measure is intended to reduce
the confusion often encountered due to multiple naming conventions in this area of science.

An important distinction must be made between radiation exposure and radioactive contami-
nation. Radiation exposure refers to a person receiving energy in the form of waves or par-
ticles from an external source or from internal contamination [9, 10]. To prevent harm to the
patient, the duration of exposure is carefully controlled. To prevent harm to the radiology
technician, distance and shielding from source are employed [11, 12]. In contrast, a contami-
nated person has radioactive material on (or inside) the body secondary to ingestion, inha-
lation or deposition on the body surface. Thus, contamination can be classified as internal
or external. Most patients exposed to radiation are not contaminated [13]. Radiation can
be measured in SI unit Gray (Gy), which represents the absorption of one joule of radia-
tion energy per kilogram of matter. In order to reflect the degree of radioactive contamina-
tion in human tissue, the unit of Sievert (Sv) us usually employed. The following clinical
vignettes will illustrate both radiation exposure (#1) and contamination (#2 and #3). For
the purposes of our chapter, the reader should be familiar with the three general types of
radiation, including the associated energetic characteristics and shielding capacity (Table 2).
In addition, various levels of radiation exposure (measured in millisieverts) including the
typical associated contextual settings are shown in Figure 1.

1.1. Clinical vignette #1

Over a period of months, numerous patients who underwent computed tomography (CT)
perfusion scans of the brain at different hospitals across a wide geographic area reported
vague complaints of oddly shaped patterns of unexpected hair loss. Reportedly, the mostly
band-like areas of alopecia appeared within 1-2 weeks following each patient’s CT study.
Some patients began complaining of new onset memory loss and/or difficulty keeping bal-
ance while walking. Given the unusual pattern of clinical signs and symptoms, as well as
the isolated nature of occurrences, it took months before the connection was made between
CT perfusion scans and what turned out to be significant radiation overdoses. When the
true scope of the problem became evident, hundreds of patients were identified as having
received approximately eight times the expected levels of radiation. It appeared that the
root cause for the above occurrences may be faulty programming of CT scanner devices. A
nationwide statement of caution was issued by the FDA, urging hospitals across the US to

Type of radiation Penetrating energy Penetrating capacity in human body Shielding capacity
Alpha () Low Epidermis Dissipates in air
Beta (B) Intermediate Soft tissue Sheet of paper
Gamma (y) High Bones and organs Lead

Table 2. Types of ionizing radiation, with corresponding levels of penetration and preferred shielding characteristics.
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Figure 1. Different levels of radiation exposure, measured in millisieverts (mSv) and the associated biological manifestations.

review institutional CT scan logs to check radiation dosage levels and data regarding appli-
cable adherence to established dosing protocols [14, 15]. In response to the above events,
the first state law in the US aimed at protecting patients from excessive radiation exposure
during CT scans was signed into law by Gov. Arnold Schwarzenegger of California [16]. In
addition to providing an accreditation mandate for CT scanners, the bill also requires that
radiation dose be recorded on the scanned image in a patient’s medical record, and that
radiation overdoses be reported to patients, treating physicians, and the state Department
of Public Health [16].

1.2. Clinical vignette #2

In 1987, improperly abandoned hospital radiation equipment in Goiania, Brazil, led to the
contamination of a large number of people. During the post-incident review, it was discov-
ered that an unused irradiation machine was left behind when a privately owned healthcare
facility moved. The device was subsequently stolen by a group of young men who sold it to
a scrap metal dealer. During the disassembly of the medical equipment, a broken capsule
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of the highly radioactive cesium-137 was accidentally smashed, along with its lead enclo-
sure, liberating “shiny bluish dust which glowed in the dark” [17]. Unaware of the danger,
numerous individuals associated with the scrap metal yard owner came into contact with
the radioactive powder. The most seriously affected victims developed alopecia, cutaneous
burns, vomiting and diarrhea. The governmental response was slow at first, due mainly to
the lack of recognition of the magnitude and the urgency of the situation. Experts from the
Soviet Union and the US were involved in the subsequent management and containment of
the radioactive risk. The incident was thought to be the most serious of its kind at the time,
with 240 documented cases of contamination, 20 hospitalizations, and 4 fatalities [17, 18].

1.3. Clinical vignette #3

In 1992, an unexpected discovery of radioactive waste was made by a regional disposal
company in Indiana, Pennsylvania [9, 19]. Subsequent investigation by the US National
Regulatory Commission (NRC) found that in November of 1992, a local clinic in Indiana,
Pennsylvania treated a patient with high-dose brachytherapy using an iridium-192 radioac-
tive source [20]. It was determined that the treatment was not completed due to equipment-
related issues. Unknown to the operators, the source wire became fractured and remained
in the patient. Investigators discovered that the required radiation survey at the end of the
treatment was not performed. The patient was discharged to a nursing home and died 5 days
later. Unaware of the danger, nursing home staff removed the source-containing catheter and
disposed of it as biohazardous waste [9]. The source was identified during routine radiation
surveillance by the waste disposal company. In addition to being a contributor to the index
patient’s death, more than 90 individuals may have been exposed to the radioactive material,
with doses ranging from <0.05 to >2.55 rem [20].

2. The magnitude of the “silent” problem

Difficult to identify at the time of the initial exposure, radiation injury tends to present in a
delayed fashion. Radiation injury also tends to be low on a typical differential diagnosis list
as most cases tend to involve unintentional (and unrecognized) exposure. As demonstrated
by our three vignettes, the uncommon occurrence of harmful medical radiation exposure
(HMRE) can originate as a result of various types of PS error; both of omission and of commis-
sion [21]. In addition, radiation-related PS issues can result from lack of adequate oversight
at both institutional level (e.g., absent safety procedures) and governmental level (e.g., lack of
applicable laws, regulations, or enforcement) [9, 22, 23].

Complexities associated with HMRE prompted an important discussion regarding the nature
and the content of the informed consent process, specifically as it relates to medical radiation
exposure [24]. The true gravity of such considerations is exemplified by the known associa-
tion between cumulative radiation exposure and the incremental risk of malignancy follow-
ing repeated CT imaging episodes [25]. Moreover, compared to the adult population, the
overall risk is significantly greater for pediatric patients [26].
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3. Biological manifestations of HMRE

Two broad categories of clinical (e.g., biologic) effects of radiation, specific to the con-
texts of radiation therapy or accidental isotope exposure, include deterministic injuries
and stochastic injuries. Deterministic injuries manifest as radiation-induced escalation of
normal physiologic apoptosis resulting in increased death of essential cells with resultant
tissue and organ dysfunction [27]. These types of injuries occur when large numbers of
cells become damaged and, as a result, die immediately or shortly after irradiation [28].
Dermatoligic post-exposure injury can range from “local erythema” to “skin necrosis”
[28]. Estimation of dosage is measured in the units of Gy, with 0-2 Gy associated with
no biological effects; 2-5 Gy causing transient erythema (<2 weeks), followed by epilation
(2-8 weeks) and recovery (6-52 weeks); 5-10 Gy associated with prolonged erythema (up
to 8 weeks), epilation (2-8 weeks), and recovery (6-52 weeks); 10-15 Gy exposure causes
transient erythema (<2 weeks), dry/moist desquamation (2-8 weeks), followed by per-
manent epilation (6-52 weeks) and finally atrophy (>40 weeks); and >15 Gy being associ-
ated with acute ulceration (<2 weeks), moist desquamation (2-8 weeks), dermal necrosis
(6-52 weeks), and eventual surgery (>40 weeks) [28]. Table 3 outlines the above exposure
levels in a systematized fashion.

Stochastic effects manifest as cellular carcinogenesis and result from radiation induced
mutations in genetic material of cells including germ cells [27]. For stochastic injuries, post-
radiation damage becomes the key determinant of clinically apparent, usually long-term
manifestation [28]. Such effects also depend on the type/activity of the isotope involved.
More specifically, these kinds of injuries have a linear nonthreshold dose that may lead
to radiation-induced malignancy and/or heritable genetic defects [28]. Estimation of dos-
age from radiologic studies utilizes the units of Sieverts (Sv), with procedures such as
dual-isotope SPECT (24 mSv) and CT angiography (19 mSv), carrying the highest effective
radiation doses [28]. Of note, victims of the Chernobyl disaster were exposed to a maxi-
mum radioactivity of 300-450 mSv/h within a 15 km radius. The individuals that had suf-
fered from radiation are suspected to have received a minimum of 0.8-2 Gy (80-200 Rad)
dose [28].

Radiation dose Possible adverse reaction Timeline

(Gy)

0-2 No effect

2-5 Transient erythema <2 weeks

5-10 Prolonged erythema <8 weeks

10-15 Dry/moist desquamation leading to permanent epilation 2-8 weeks — 6-52 weeks
>15 Acute ulceration leading to desquamation and dermal <2 weeks — 6-52 weeks

necrosis

Table 3. Post-exposure deterministic injury shown with radiation dose in Gray units and the typical timeline associated
with the appearance of adverse effects.
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4. Regulatory mechanisms and safety enforcement

The first line of ensuring safety is the presence of organizational policies and procedures
pertaining to HMRE as well as the handling of radioisotope-containing medical materials,
both at the departmental and institutional levels [29-31]. In addition to applicable poli-
cies and procedures that are harmonized to prevailing laws and regulations, organizations
also employ radiation safety experts in the role of Radiation Safety Officer (or functional
equivalent thereof) to ensure the maintenance of appropriate legal and procedural compli-
ance [31-33]. Any HMRE events that are deemed reportable to appropriate local, regional,
or national authorities are handled by the Radiation Safety Officer. In addition, employees
who work around radiation equipment and/or interact with medical radioisotopes must wear
radiation monitoring badges that help quantify levels of healthcare worker exposure [34, 35].
Some general considerations of how appropriate policies and procedures can help protect the
well-being of both patients and healthcare workers include [7, 32, 36-38]:

* In diagnostic radiography, the use of hardwired “safety prompts” helps facilitate double-
checking of the expected radiation dosage; also, it is important to ensure the presence of
appropriate warning lights, such as “X-ray in progress” and sufficiently labeled facilities
with caution signs

* Ensuring that the delivery process of therapeutic radiation is appropriately structured,
including thorough planning, simulated application, and the presence of built-in cross-
checks (e.g., two or more experts sign-off on the final therapeutic plan, including the
physician, the physicist, and a dosimetrist)

* Monitoring of cumulative monthly radiation exposure and limiting further exposure for
those employees who exceeded established thresholds

* Protocolized monitoring of medical waste for the presence of radioactivity, both at the site
of origin (e.g., the hospital) and at the destination (e.g., landfill)

In the European Union and associated countries, the Euratom Treaty recommends that a
patient examination and clinical justification are provided before a referral is made to a radi-
ologist or a nuclear medicine expert. Moreover, nonionizing radiation is preferred whenever
it will provide comparable information to that obtained by means of ionizing radiation [39].
For example, an ultrasound or magnetic resonance imaging (MRI) may provide the same
desired information as a CT, without the need for ionizing radiation [40]. Additional safety
enforcement strategies include: safety checklists to verify the patient and study being per-
formed; radiation dose customization utilizing the patient’s weight, age, medical history, and
intended body segment to be scanned/imaged; and decision support systems which provide
ordering physicians an opportunity to answer questions regarding their patients and consider
alternatives to ionizing diagnostics [40].

The USFood and Drug Administration (FDA) has partnered with other organizations to promote
education and communication regarding radiation safety to patients and medical professionals

61



62 Vignettes in Patient Safety - Volume 4

[41]. Among their resources, the FDA collaborated with the National Council on Radiation
Protection and Measurement to communicate the risk of radiation exposure with patients, par-
ticularly imaging involving young children [41, 42]. The FDA advocates for patient and health-
care provider awareness via the Image Wisely and Image Gently radiation risk campaigns, as
well as with the International Atomic Energy Agency’s “Radiation Protection of Patients” web-
site [41, 43, 44]. The FDA has also advocated for patient and healthcare provider tools to reduce
radiation exposure. One particular innovative safety tool is the “Patient Medical Imaging Record
Card”, which was developed by the FDA in collaboration with Image Wisely [41, 43]. The card
can be used to track patient imaging studies by date, type, and location to prevent unnecessary
repeat ionizing radiation exposures [41]. Looking toward the future, this card would ideally be
integrated into the patient’s electronic health record and stored in a nationally accessible data-
base for healthcare providers, such as the Federal Data service Hub, which is established by the
Affordable Care Act and backed by the Health and Human Services department [45].

The US Nuclear Regulatory Commission was established with The Energy Reorganization
Act of 1974 to license and regulate the civilian use of radioactive materials to protect public
health and safety and the environment. It is in charge of overseeing nuclear reactors, security,
and materials as well as radioactive waste. The commission sets rules and licensing, enforces
those rules, evaluates facilities, and provides support and logistics for incident response. Some
aspects of management and regulation of certain radioactive materials have been granted to
Agreement States [46].

5. Radiation injury

Although most individuals exposed to radiation contamination are not symptomatic, the con-
sequences of such exposures tend to result in long-term sequelae [47-50]. Providers should
be aware of signs and symptoms of radiation injury so that such occurrences can be readily
recognized, contained, and victims treated promptly [51, 52]. As demonstrated in our Clinical
Vignette #1, acute HMRE tends to have organ-specific, regional anatomic manifestations (e.g.,
pneumonitis, lung fibrosis, gastric ulceration, and radiation proctitis) [52-54]. Systemic mani-
festations (e.g., acute radiation syndrome) are extremely rare in the healthcare setting and usu-
ally involve direct exposures of patients, workers, or otherwise unsuspecting individuals, to
the radioactive isotope material, as outlined in our clinical vignette #2 [18, 55] and clinical vignette
#3[9, 19, 20].

Acute radiation syndrome (ARaS), unlike radiation injury, is a systemic entity that occurs
very rarely in the healthcare setting. It usually involves some form of equipment failure,
radioactive isotope release, criminal activity/theft, or inappropriate disposal of equipment
or isotope(s) [9, 18-20, 55]. Because ARaS may be the only overt “manifestation” of a major
radioactive breach, it is critical that it is promptly recognized, and that it leads to a thorough
investigation into associated events. Symptoms of ARaS evolve over time in distinct phases.
The duration of each phase and the time of its onset will be approximately inversely propor-
tional to the dose [56]. An initial prodromal phase, with symptoms such as nausea, vomit-
ing, weakness, and fatigue, typically develops within hours to days after exposure of the
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Syndrome Hematopoietic Gastrointestinal Cardiovascular/neurovascular

Dose >0.3-0.7 Gy >6-10 Gy >20-50 Gy

Prodromal stage Anorexia, nausea/vomiting Anorexia, severe Extreme nervousness and

(minutes—2 days) nausea, vomiting, confusion, severe nausea,
cramps, and vomiting, watery diarrhea, loss
diarrhea of consciousness and burning

sensation of the skin

Latent stage Patient appears well for 1-6 weeks Patient appears and Patient may return to partial
feels well for less functionality (often lasts less than
than a week several hours)

Manifest illness Anorexia, fever, and malaise Malaise, anorexia, Watery diarrhea, convulsions,

stage Drop in all blood cell counts severe d1arrhea,. and coma
fever, dehydration,

. . . Onset occurs 5-6 hours after

Primary cause of death is infection and electrolyte
. exposure

and hemorrhage imbalance

Most deaths within a few months Death occurs within Death occurs within 3 days of
2 weeks aft exposure

Survival rate is inversely proportional = WEEKS atter

to dose exposure

Recovery Full recovery for large percentage of ~ The LD,  isabout  No recovery expected

patients from a few weeks to 2 years 10 Gy
after exposure

Death may occur in some individuals
at1.2 Gy

The LD, is 2.5 to 5 Gy

50/60

Table 4. Acute radiation syndrome: most common manifestations [13].

whole body to radiation exceeding 0.7 Gray (Gy). ARaS manifests most acutely and severely
in the hematopoietic, gastrointestinal, and cardiovascular/neurovascular systems [27, 57].
Radiation-induced gastrointestinal manifestations of ARaS manifest as nausea, vomiting,
and bloody diarrhea. Severe dermatological injury with burns, desquamation, epilation, and
ulceration can occur after significant radiation exposure even in the absence of ARaS [58], as
exemplified by our clinical vignette #1. The above manifestations are summarized in Table 4.

6. Protection from and screening for radiation contamination

The general principles of protection from radiation injury depend upon four factors: dis-
tance, time, shielding, and removal or containment of contamination [27]. When caring for
potential radiation contaminated patients, healthcare personnel must minimize the duration
of exposure to a source, maximize the distance from source, and establish effective shielding
from the source. Identification of the presence of radioactive contamination on or within a
patient mandates early removal/containment in order to forestall further damage and con-
tamination [27]. In cases similar to the Goiania incident, hand-held Geiger counters must be
utilized in order to focus on accurately identifying anatomic areas of contamination unique
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to each individual [1]. Substantial exposure of emergency responders and clinicians car-
ing for potentially heavily contaminated patients may occur. Emergency medical services
and clinicians must use caution and adhere to strict precautions for managing hazardous
materials to prevent inadvertent contamination of themselves and others [27]. Personnel
should wear radiation dosimeters, sealed in clear, airtight plastic bags, and worn outside
the clothing to allow rapid assessment and early detection of contamination. Workers and
work areas should undergo repeated surveillance with radiation detectors at appropriate
intervals [1, 27].

7. Laboratory evaluation of acute radiation injury

In cases of more significant exposure, ARaS manifests initially through the hematopoietic
system as blood marrow tissues are highly radiosensitive [27]. Of all the components of
hematopoiesis, circulating lymphocytes have the most radiosensitive cell lines and provides
a useful laboratory tool to screen for the severity of the radiation sickness early in observation
(Figure 2) [56]. After whole body exposure above 0.5 Gy, the rapid fall in lymphocyte number
starts within hours, and the lymphocyte depletion is proportional to the dose between 1 and
10 Gy [56]. GM-CSF may be helpful for the recovery of the bone marrow function after clini-
cally significant radiation exposure [57]. Lymphocyte depletion kinetics serves as the single
best estimator of radiation exposure and clinical outcome [27]. A decrease in absolute lympho-
cyte levels may be observed at whole-body doses as low as 100 mSv, but clinically significant
response may not be seen below 1-2 Sv. Depending on the absorbed dose, such changes can
begin within hours of exposure, so it is recommended that an immediate complete blood count
with differential is performed as a baseline and then every 6-12 hours thereafter for 2-3 days
[27]. An elevated serum amylase provides a supplementary piece of information that may also
be an early sign of serious radiation exposure involving the head and neck. The results of this
test are nonspecific; however, and they may also reflect alcohol intake, a stress response, trauma

= Injury

=2

(E 2000 i" Minor

g

; Moderate

= 1,000

1]

5 Severe

% Lethal Very Severa

0 12 24 36 48
Time since Exposure (Hours)

Figure 2. Time-dependent lymphocyte depletion kinetics following either severe or moderate radiation exposures. As
early as 6-12 hours following exposure, there may be some indication of the severity of the exposure [35].
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to the face or abdomen, or other factors [27]. In addition, the presence of nausea and vomiting
within several (usually around 4) hours of exposure may also be diagnostically helpful.

8. Measuring severity of radiation dose

Similar to other toxicological phenomena, determining the potential harm of radiation expo-
sure mandates consideration of three factors: dose of radiation exposure, tissue or surface
area exposed, and duration of exposure. Whole body radiation exposure to 4 or 5 Sv (or Gy)
imparts potentially lethal effects, while an extremity can tolerate several times that exposure
[27]. General measures of radiation exposure (e.g., fluoroscopy time) have low utility and
accuracy [28]. At this juncture, it is important to introduce the concept of KERMA, or “Kinetic
Energy Released in Matter”, which is a measure of energy delivered (or dose) [28]. Air-KERMA
is the KERMA measured in air (e.g., low scatter environment) [28]. More useful methods of
determining radiation administered include: (a) total air-KERMA (exposure) at pre-specified
reference point, (b) air-KERMA area product, and (c) peak skin dose or the maximum dose
received by any local area of patient skin [28, 59]. See Figures 3-5 for further information.

Transient
erythema Recovery

Weeks 2 8 52

-

Epilation

Figure 3. Timeline for post exposure injury for dosage of 2-5 Gy.

Transient
erythema Permenant Epilation
— « >
2 Weeks B 40 52
Dry/moist . »
desquamation Atrophy

Figure 4. Timeline for post exposure injury for dosage of 10-15 Gy.

Acute
Ulceration Dermal Necrosis
—  » - >
Weeks 2 6 g 40 52

Moist desguamation > + .
™ Surgery

Figure 5. Timeline for post exposure injury for dosage >15 Gy.
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9. Patient exposure to radiation

A point of concern among care providers and parents is the risk of radiation exposure from
medical imaging, especially in the pediatric population. Epidemiologic studies have shown
that in utero exposure to radiation is associated with higher incidence of pediatric cancers, but
data related to rates of pediatric and adult cancers are relatively scarce [60]. In recent years,
CT scanning has become the favored imaging modality in many clinical scenarios and is likely
to see even further increases in use going forward [61-63]. As such, CT utilization in pediat-
rics has increased markedly over the last 20 years. Over 85 million CT scans are performed
annually in the United States, with 5-11% of these performed on children [64]. Before we
embark on further discussion, important dose-related information in the context of diagnostic
testing is provided in Table 5.

A typical CT scan of the head of a child carries an average dose of 2-2.5 millisieverts (mSv)
of radiation. CT imaging of the chest and abdomen carries doses averaging 3—4 and 5-6 mSv,
respectively. The actual dose administered differs from the more nebulous effective dose, as
other factors make the amount of radiation exposure more meaningful in children than adults.
The effective radiation doses received by children are about 50% higher than those received
by adults for similar imaging studies due to smaller body sizes and radiation attenuation [66,
67]. Up to an age of 10, children are approximately three times more sensitive to radiation than
adults, which is why longer life expectancy coupled with organ systems that are still develop-
ing disproportionately increases the relative burden of pediatric radiation exposure [67-69].

Several studies have attempted to answer questions regarding specific childhood cancer risks
associated with radiation exposure. Two studies showed increased incidence of pediatric
leukemia in children with medical radiation exposure; however, these studies used retro-
spective questionnaire data and their result as inconsistent with older data [70, 71]. Certain
genetic phenotypes might make some children more sensitive to the effects of radiation and
risk of acute lymphocytic leukemia [72]. Very limited data exist on CT-attributable risk of

Relative radiation ~ Adult effective Pediatric effective =~ Example examinations
level dose estimate dose estimate range
range (mSv) (mSv)
O 0 0 Ultrasound; MRI
<0.1 <0.03 Chest X-ray; hand X-rays
o9 0.1-1 0.03-0.3 Pelvis X-ray; mammography
DD 1-10 0.3-3 Abdomen CT; nuclear medicine bone scan
DODD 10-30 3-10 Abdomen CT with and without contrast; whole
body PET
DODDD 30-100 10-30 CTA chest abdomen pelvis with contrast;
transjugular intrahepatic portosystemic shunt
placement

Table 5. Relative radiation level designations along with associated effective adult and pediatric doses, as well as
imaging examinations that correspond to said levels [65].
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solid tumors in children. There is weak evidence regarding the association between radiation
exposure and such occurrences (e.g., pediatric astrocytoma and Ewing’s sarcoma), but this
connection is in no way definitive [60].

Data regarding the lifetime risk of cancers appear to be more robust. A large retrospective
cohort study reviewed >175,000 patients from the NHS registry in England [26]. The authors
noted a positive association between dose of radiation from CT imaging and leukemia and
brain tumors. They found relative risk of leukemia to be 3.18 in patients who received more than
30 mSv of cumulative radiation. Similarly, they found an increased relative risk of brain cancer to
be 2.82 in pediatric patients who received cumulative dosing of 50 mSv or more [26]. The caveat
to these data, however, is that these are rare cancers to begin with, thus the absolute relative risk
increase is very small. Although the relative risk of brain cancer may nearly triple with signifi-
cant cumulative radiation exposure, the absolute risk is still exceedingly small. Based on robust
statistical models, for every 100,000 skull/brain CT scans in 5-year-old children, eight brain/
central nervous system cancers and four cases of leukemia would result [73]. The same study
estimates that 100,000 chest CT scans would lead to an excess of 31 thyroid cancers, 55 breast
malignancies, and 1 leukemia case [73]. Consequently, the lifetime risk of cancers, although
small, should be discussed with parents of children undergoing CT scanning. Although these
studies are largely safe in children, unnecessary exposure to radiation should still be avoided,
and diagnostic tests not utilizing ionizing radiation should be used whenever possible. The
medical necessity of imaging should be weighed against the relatively small risk of harm when
determining the appropriateness of these studies. Again, the greatest risk of cancer appears to
exist when children are exposed to cumulative doses of radiation greater than 30-50 mSv.

10. Pregnancy and reproductive health considerations

According to the American College of Radiology, no single diagnostic X-ray study or pro-
cedure results in radiation exposure sufficient to threaten the well-being of the pregnant
patient, the developing embryo, or the fetus [74]. In fact, diagnostic radiation exposures
during pregnancy may be safer than the frequent concerns over in utero radiation exposure
suggest [75]. Moreover, the utilization of diagnostic radiological imaging may entail more
benefit than risk in the evaluation of certain maternal injuries or illnesses [76]. As much atten-
tion should focus on limiting diagnostic radiation exposure of the gravid woman'’s breast
tissue, to prevent carcinogenesis, as on limiting radiation exposure of the fetus [77, 78]. In
the setting of pregnancy, radiation exposure should be limited to 1 mGy during the first tri-
mester, with teratogenicity risk being elevated at 5 mGy [79]. In addition, iodine-containing
contrast media may lead to hypothyroidism in the fetus, an additional consideration when
performing radiographic studies utilizing contrast material [79]. Counseling of the patient
by the referring clinician and by the radiologist is essential in providing informed consent as
the benefits and risks of procedures can be opaque and the decision may impart lasting con-
sequences [80]. Impacting 5-7% of all pregnancies, trauma represents an important cause
of nonobstetric maternal morbidity and mortality [81]. Consequently, the risk-benefit equa-
tion regarding diagnostic imaging in this particular setting is somewhat different, with the
mantra that the best way to ensure fetal wellbeing is to aggressively treat the mother [82].

67
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11. Radiation exposure as low as reasonably achievable (ALARA)

Literature suggesting that accrual of cumulative radiation exposures from diagnostic radiolog-
ical studies, such as CT scans or fluoroscopy, over the course of patients’ lifetimes puts them
at risk for the potential carcinogenic risks of radiation [83, 84]. One example here comes from
the area of endovascular interventional procedures. Since the introduction of endovascular
therapy in the late 1980s, there has been incredible growth in this group of procedural modali-
ties. In fact, endovascular procedures have increased approximately 400% over the past decade
[85]. The applicability and medical advancements of this form of therapy have revolutionized
treatment of our patients. However, there has been an associated cost, including substantial
risk of ionizing radiation exposure [86]. Some of the pioneers of endovascular therapy have
succumbed to the deleterious consequence of ionizing radiation [87]. Radiation safety prac-
tices have made tremendous advances since the discovery of Roentgen’s X-rays over 120 years
ago. Early practitioners were focused on patient outcomes and providing minimally invasive
methods to treat complex disease processes. These sacrifices of early practitioners led to our
awareness and knowledge that now allows us to perform truly remarkable treatments to ben-
efit our patients. A number of very practical steps can be taken to reduce radiation exposure
to patients, operators, and staff [88, 89]. Awareness itself can be an effective first step in reduc-
ing exposure. Once awareness of the problem exists, we can then work to educate and enact
training and methodology to achieve maximal safety to our patients and ourselves. However,
despite the available data, there remains a significant safety deficit. In 2014, a survey of US vas-
cular surgery trainees found 45% had no formal radiation safety training, 74% were unaware
of the radiation safety policy for pregnant females, 48% did not know their radiation safety
officer’s contact information, and 43% were unaware of the acceptable yearly levels of radia-
tion exposure [90]. However, an important observation was that the trainees who felt their
attendings were applying ALARA techniques were much more likely to do so themselves.
Therefore, it is incumbent on those of us providing training to the next generation of caregiv-
ers to set an example of excellence and expect the same from our trainees. Only by expecting
excellence can we hope to achieve superior safety for our patients and ourselves.

Advocates for radiation safety recommend exposing patients, especially children, to as little
radiation as possible. This is embodied within the concept of “as low as reasonably achievable”
(ALARA) in the context of radiation exposure [84]. As such, ALARA addresses the role for
healthcare providers, particularly those caring for children, in reducing exposure to radiation
while maintaining the reliability of the diagnostic radiology modality [91]. Multiple methods
can be used to achieve ALARA including: adjusting the amount of radiation in the diagnostic
study based on patient weight, considering alternative modalities such as sonography or mag-
netic resonance imaging, enhancing shielding with thyroid or breast shields, focusing on the sus-
picious area with focused or limited view diagnostic imaging, and discouraging repeat CT scan
studies [91]. In one example, although noninvasive multi-slice cardiac-computed tomography
angiography (CCTA) can accurately screen for coronary ischemia, its widespread utilization has
generated concern because of potential diagnostic radiation exposure. Utilization of a radiation
dose reduction program in concert with limiting the image acquisition window for CCTA has
demonstrated marked reduction, more than 50%, in estimated radiation doses in a statewide
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registry without impairment of image quality [83]. In another example, appendicitis represents
the most common disease process resulting in increased CT scan utilization in children over the
last two decades. Clinical practice guidelines advocating for “abdominal sonography first” for
the evaluation of appendicitis have demonstrated comparable diagnostic accuracy to CT scan
imaging, while reducing CT scan utilization and thus radiation exposure [91]. The Pediatric
Emergency Care Applied Research Network collaborative development of a clinical decision
guideline for pediatric head trauma is another example of research helping to reduce the medi-
cal radiation footprint by reliably identifying patients at low risk for clinically important trau-
matic brain injuries, for whom CT can routinely be obviated [92].

12. Safety protocols

Careful adherence to existing PS protocols, including active surveillance for any signs and/or
symptoms of HMRE, is among the most important considerations for facilities/departments
providing diagnostic and/or therapeutic radiation services [28]. In addition to direct radia-
tion, the formation of X-ray image is inherently associated with some degree of “scattered
radiation” that is the principal source of exposure to the patient and medical staff [28]. This
“scatter” increases with both intensity of the X-ray beam and the size of the exposed field [28].
Any hospital employing medical radiation needs to have an infrastructure to support proto-
cols for every step of the way throughout the application of said radiation including patient
and healthcare worker safety, proper identification and dosing, and waste management of
materials in order to prevent contamination.

13. Conclusions

The power to harness ionizing radiation for medical uses has a history spanning more than
a century. Although its positive impact on the modern-day prowess of the diagnostician is
unquestionable, great care must be taken in order to not abuse this technology. Diagnostic
imaging with ionizing radiation seems poised to be part of the medical armamentarium for
the foreseeable future. Further research is required in all aspects of this field, including more
efficient protocols for delivery, custom-tailoring therapy which takes into account the patients’
makeup, potential short-term and long-term harmful effects, the prediction and prevention of
harm and better safeguards for dosimetry not only for patients but also for healthcare workers.
Greater strides must be achieved in the realm of oversight and standardization of practice, as
well as a comprehensive, nonpunitive reporting system for adverse events. A multidisciplinary
approach from health physicists, radiation safety personnel, and clinicians is paramount for
the management of contamination events and for the safe and accurate use of both diagnostic
and therapeutic medical radiation. The key for this technology going forward is for education
to be widespread among all levels of healthcare, from patients and their families to healthcare
providers and policy makers. Research and public health information dissemination will go
hand-in-hand throughout the next century of medical radiation use.
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Abstract

Medication errors constitute a category of errors that occur more frequently in healthcare
units. They refer to every preventable event that may cause or lead to the inappropriate
use of medicines or patient injury, during the therapeutic process. This type of events may
be associated with professional practices, healthcare products, procedures, and systems
including prescription, communication through instructions, drug labeling, packaging and
nomenclature, reformulation, dissolution, distribution, administration, education, moni-
toring, and use. Classification and evaluation of medication errors according to their impor-
tance may constitute an important factor for process improvement in order to render the
administration of medicines as safe as possible. The main categories of causes that lead to
medication errors are those associated with the healthcare provider system, the healthcare
professional, the pharmacy, and the scientific competence of the personnel. Technology has
grown to be a constituent part of medicine these days. The appropriate technology is able to
assist in increased efficiency, enhanced quality, and lessened costs. A few advantages that
technology can supply are categorized as follows: the assisting of communication between
clinicians; enhancing medication safety; decreasing potential medical errors and adverse
events; rising access to medical information and encouraging patient-centered healthcare.
The aim of this chapter is to provide a compendious literature review regarding the defini-
tion, the classification, the causes, and the main strategies for preventing medication errors.

Keywords: nursing error(s), medication error(s), definition, causes, classification,
usage, adverse drug reaction(s) — adverse drug event(s), electronic medical record(s),
patient safety

1. Introduction

The interest in the study of medication errors and adverse drug events has increased intensively
after the publication of studies such as “To Err is Human: Building a Safer Health System” [1]

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN



78 Vignettes in Patient Safety - Volume 4

and “An Organization with a Memory” [2], which set a new milestone in patient safety. The
administration of medicines constitutes a complex technique, which requires the participation
of various healthcare professionals and takes place in a complex environment [3]. Nurses con-
stitute a group of healthcare professionals who fill most of the prescriptions and spend 40% of
their time in the hospital in order to administer pharmaceutical preparations to the patients [4].
Therefore, medication errors in nursing occur more frequently and have an impact not only on
patient’s health and safety but also on the healthcare system since prolonged hospitalization of
patients generates additional costs, as a whole, for the healthcare system [5, 6].

For half a century, nurses learn the basic principles of the medication administration phase which
are included in the following tenet: “appropriate patient, appropriate medicine, appropriate
dosage, appropriate routes of administration, appropriate time.” The implementation of the
above tenet comprises an indicator of quality nursing care [7].

In 1981, Steel et al. discovered that more than half of the iatrogenic damages were associated
with medication use. These consequences may vary from smaller or imperceptible to very
serious and lethal [8].

The majority of studies regarding medication errors refer to hospital patients due to the fact
that it is easier to perceive and register errors in hospitals than in the case of medication to be
administered at home. It has been found that medication errors are mainly related to prescrip-
tion, preparation, administration, and patient monitoring processes. Nurses’ involvement in
processes (prescription, preparation, and medicine administration as well as patient monitor-
ing) other than prescription is instrumental, since the aforementioned processes constitute
nursing actions performed on a daily basis [9].

The incidence of medication errors is just as high in developing countries as in the developed
ones [10, 11]. Approximately 5% of the adverse drug events (ADEs) that could be ascribed
to nurses administering medications to patients are likely to put patients’ safety at risk [12].
Moreover, researches have shown that 1/3 of medication side effects (MSEs) result from medi-
cation errors [13]. The incidence of medication errors is higher in children than in adults, since
dosages for children are estimated separately for each child depending on their age, weight,
body surface, and clinical conditions. Additionally, the majority of medications for children
are unlicensed and off-label [14-16].

According to the National Patient Safety Agency (NPSA), medication errors in the United Kingdom
(UK) occur at all phases of the medication therapy: 16% in prescription, 18% in distribution, and
50% in medication administration. The equivalent rates in pediatrics range between 3-37% in pre-
scription, 5-58% in distribution, 72-75% in administration, and 17-21% refer to clinical documen-
tation errors. In a period of 8 years, 29 children have lost their lives due to medication errors in the
UK [17]. Moreover, medication errors cause 1 of 131 outpatients and 1 of 854 inpatient deaths [1],
and inpatient medication error rates are between 4.8% [18] and 5.3% [19]. It should be underlined
that injury from medication errors is modest (0.9% of medication errors) [19]. Furthermore, the
medications most usually involved with errors categorize insulin, opioid-containing analgesic,
anticoagulant, amoxicillin-containing agent, and antihistamine/cold remedy [20].

It is estimated that medication errors cost the US healthcare system $77 million each year [21].
According to an older study, medication errors extend the hospitalization for an average of
4.6 days [22] and increase the cost at about $2000-2500 per patient [23].



The Anatomy of Medication Errors 79
http://dx.doi.org/10.5772/intechopen.79778

According to Allan and Barker, the purpose of examining medication errors is to measure
the errors made in various healthcare organizations and the different error rates in relation
to the implementation of different medication distribution systems, to identify the causes of
these errors and to evaluate the practices employed for their prevention. The examination

of all these parameters mainly aims at preventing the errors associated with medications
for the protection of patients [24]. Originating a dependable area for all the categories of
patients to be able to ask safety-related questions in a responsibility-free environment and
urging, the errors and adverse events whenever they occur, revealed, along with the creation
of layers of defense mechanisms (such as the use of computer based technical knowledge;
uncomplicated images on wristbands and color coded alerts on handoff/sign-out materials)
will all contribute to promote a genuine culture of safety on the inside of the healthcare
system [25].

2. Summary of key points

Table 1 presents the most important points of the chapter concerning the medication errors.

Definitions

Medication error Any kind of error happening anywhere in
the medication use procedure

Adverse drug event An adverse result that can be ascribed to

the action of a medicine

Epidemiology: statistics

Medication errors cause 1 of 131 outpatients and 1 of 854 inpatient deaths
Inpatient medication error rates are between 4.8 and 5.3%
Injury from medication errors is modest (0.9% of medication errors)

Medications most usually involved with errors are categorized as insulin, opioid-containing analgesic, anticoagu-
lant, amoxicillin-containing agent, and antihistamine/cold remedy

Risk factors

Patient elements Deterioration in renal or hepatic function,
impaired cognition, comorbidities, and
polypharmacy

Healthcare professionals’ elements Use of abbreviations, cognitive biases

Avoiding medication errors

Computerized physician order entry
Bar code-assisted administration
Enhanced medication labeling

Medication reconciliation

Table 1. Medication errors: summary of key points.
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3. Medication errors: terms and definitions

Meurier et al. defined nursing errors as “every action, decision or omission of a nurse which
was evaluated as incorrect by more experienced colleagues and had adverse effects on
patients” [26]. In 1954, the American Hospital Association (AHA) defined for the first time
medication error as “the administration of the wrong medication, medication dosage, diag-
nostic or therapeutic substance, to the wrong patient or at the wrong time, or the failure
to administer these substances at a given time or according to the prescription or what is
considered as acceptable practice” [27].

The National Coordinating Council for Medication Error Reporting and Prevention (NCC
MERP) defines medication errors as: “any preventable event, which may cause or lead to
inappropriate use of medications or to patient injury, while medication therapy is under the
control of a health care professional, patient or user of health services. Such events may be
associated with professional practices, healthcare products, procedures and systems including
prescription, communication via instructions, product labeling, packaging and nomenclature,
reformulation, dissolution, distribution, administration, education, monitoring and use” [28].

Choo et al. defined medication error as “any error during the medication administration,
regardless of whether they have consequences or not” [29]. According to an ethnographic
study in 2003 regarding the impact and the significance of intravenous medication errors,
intravenous medication errors are defined as: “a divergence between the preparation and
administration of an intravenous medication and the medical prescription, the hospital strat-
egy regarding intravenous administrations and the instructions of the manufacturer” [30].

The definitions of severity level for adverse drug events (ADEs) are presented in Table 2 [31].
The relationship among medication errors, adverse drug events, and potential adverse drug
events is illustrated in Figure 1 [32].

Significant Happens if the event brings about symptoms that while substance to the patient creates little or no threat
ADE to the patient’s life function. These ADEs could contain aggrandized or depressed laboratory test levels

Examples of physical symptoms are categorized as sensation, physical tiredness, inability to defecate,
muscle cramps, inability to sleep, headaches, and pedal edema

Serious Happens if the event brings about persistent alteration of life function. Moreover serious ADEs could
ADE contain aggrandized or depressed lab values that require medical intervention, exceptionally if they
propose organ system dysfunction

Examples of physical symptoms are categorized as a two-unit gastrointestinal bleed, a symptom
requiring hospitalization, an altered mental status/excessive sedation, allergic reaction-shaking chills/
fever, or symptomatic hypoglycemia

Life- Happens if the event brings about symptoms or alterations that if not treated would put the patient at
threatening risk of death Life-threatening ADEs categorize laboratory values that are either aggrandized or depressed
ADE to the point that a crucial physiologic function is at risk of failure

Examples of physical symptoms; patient transferred to ICU due to respiratory failure, cardiac arrest, and
anaphylaxis

Table 2. Definition of severity level for adverse drug events (ADEs).
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Figure 1. Relationship among medication errors, adverse drug events, and potential adverse drug events. Source:

Gandhi et al. [32].

4, Classifications of medication errors

In 1960, Safren and Chapanis published the first study that documents the type of medication
errors and classifies them into seven categories (wrong patient, wrong time, wrong dosage,
omission of a dosage, administration of an extra dosage, wrong medicine, and wrong route

of administration) [33].

Medication errors could be classified into two major categories: the ones that occur prior to
medication administration, during the preparation, and upon medication administration [30].

i. Errors in preparation

Medication preparation for the purpose of administration is a process that involves all these
actions performed by nurses in order to reach the medication to patients ready for use.
Some of the nursing medication errors upon preparation for hospitalization are [30, 34]:

* Errors in copying medical instructions

* Wrong method of preparation and drug dissolution

¢ Incorrect content of the reconstituted drug

* Incorrect selection of medication due to similar packaging

¢ Incorrect dosage due to miscalculations
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ii. Errors in administration

Some of the most common errors in medication administration involve [30, 34]:

* Administering the wrong medication to the wrong patient
¢ Incorrect route of medication administration
¢ Incorrect rate of administration
¢ Incorrect method of administration
¢ Incorrect time of administration
¢ Repeated medication administration
* Medication administration without medical prescription
¢ Interruption of medication administration whereas it should be continued
* Continue medication administration against doctor’s order to interrupt it
¢ No medication administration
The NCC MERP created an algorithm in order to classify medication errors into nine catego-
ries, based on the extent of the damage they may cause to the patient [35]:
iii. Conditions and events that may lead to an “error”
iv. An error that finally did not cause any damage to the patient
v. An error that occurred to a patient but did not cause any damage

vi. An error that occurred to a patient but required further monitoring or intervention in
order to ensure that it did not cause any damage

vii. A temporary damage to the patient that requires intervention
viii. A temporary damage to the patient that requires initial or extended hospitalization
ix. Permanent disability of the patient
x. Intervention required in order to keep the patient alive

xi. Death of the patient

5. Assessment of medication errors

According to the literature, one of the main characteristics of medication errors is their sever-
ity. In 1986, the El Dorado Medical Centre in Tucson, Arizona, developed a tool for the evalu-
ation of medication errors, the so-called El Dorado Medication Error Tool (EDMET). This
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tool is objective, is uncomplicated to use, and defines clearly the four parameters, which are
related to the severity of medication errors. These parameters are associated with the type of
errors (i.e., wrong time, route, date, dosage, preparation, rate of administration, extra dosage,
omission of a dosage), the route of administration (i.e., intravenous, intramuscular, oral, etc.),
the classification of drugs according to a particular list that includes drugs with serious side
effects in case of an error (i.e., heparin, digoxin, potassium), and the time between the medi-
cation error and the identification thereof. The last parameter constitutes an important role
regarding patient’s outcome, since it determines early or belated initiation of interventions
that will prevent or reverse adverse consequences. Moreover, the abovementioned param-
eters are further categorized and rated each time depending on the situation. Finally, the total
score depends on whether the patient has stated any allergies to a certain medication. This
tool is particularly easy to use; it is designed to be accurate and reliable, and it has been used
by the center in order to evaluate the severity of errors on the one hand and to determine
further interventions by nursing stuff on the other. According to these data, classification
and evaluation of medication errors depending on their severity may constitute an important
tool for the improvement of processes in order to make medication administration as safe as
possible [36].

6. Etiology of medication errors

Safren and Chapanis were the first to classify the causes of medication errors into 10 cat-
egories (not following any audit process, illegible medical instructions, errors in copying
instructions, errors in classifying instructions, errors in calculating the dosage, improvisa-
tions, wrong medication labels, patient assignment to two nurses at the same time, poor oral
communication, and more). Other criteria for the documentation involve the status of the
person that made the mistake (student or worker), the nursing department where the error
occurred, the time of day, and the severity of the patient’s condition [33].

Wakefield et al. classified the causes of medication errors into five categories this time [37]. The
first category refers to the causes associated with the system (regular interruptions of nurses
upon administering the medications, regular changes of nurses, simultaneous administra-
tion of medication for all the patients, poor authentication of patient’s identity). The second
category refers to the causes associated with the healthcare professional (failure to trans-
pose instructions into the medication cards, poor communication between nurses regarding
medication dosages that have not been administered, errors in copying instructions, non-
compliance with the medication administration processes). This category also includes poor
compliance of the healthcare professional with hospital policies and procedures, fragmentary
personal experiences of the nurses [38], and memory lapses [39].

Other categories refer to causes related to doctors (illegible, unclear instructions, frequent
changes of the instructions), pharmacies (imprecise medication dosage and administra-
tion or wrong dosages), and the adequate knowledge of the staff (inadequate knowledge
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regarding adverse reactions of medications, poor access to Manuals of Pharmacology). Apart
from these five categories of errors, it is worth referring to the causes that have been men-
tioned by other authors including incorrect mathematical calculations; poor dosage adjust-
ment, in order to prevent liver and kidney damages; inability to obtain a proper medical
history that may also include possible allergies to medication preparations; and inability to
prevent synergistic effects between two or more drugs and to further convey this informa-
tion to health professionals [40, 41]. Part of medication errors is largely attributable to lack of
relevant information regarding the new technologies, such as the function of medical drug
delivery pumps [39].

Other causes of medication errors are associated with working conditions at the sites where
medical products are produced, i.e., lighting conditions, noise, packaging, and nomenclature
for medical products, i.e., medications with similar names, distribution and storage processes,
and processes and protocols specified in every agency [42—-45].

The NCC MERP documented 10 basic factors that influence medication use process and are
frequently associated with the causes of medication errors. These 10 factors involve infor-
mation related to the medical history of the patient; medications; communication between
healthcare professionals, in order to convey information regarding medications; nomencla-
ture and packaging of medication preparations; storage, safekeeping, and standardization of
medication; acquisition, use, and monitoring of medication devices; environmental factors;
competence and education of the staff and the patient; and quality and risk management
processes [46].

7. Consequences of medication errors

The consequences of medication errors vary; the instance, however, that the error becomes
apparent and the immediate action for the prevention or reversal of adverse events are of
critical importance. The impact of medication errors on patients who are admitted in intensive
care units (ICU) is more serious, since most of the times these patients receive a considerable
amount of medications and they are often characterized by impaired capacity to adapt to the
consequences of such errors (due to organ failure, possible immunosuppressant, poor com-
munication, etc.). The consequences of medication errors may be associated with extended
hospitalization and application of additional interventions, or they may be life-threatening
for the life of the patient and may even lead to death [11].

In a study of Bates et al., every error related to drugs was responsible for an average of 2.2
more days of stay in the ICU [47]. In another study, despite the fact that no lethal errors were
observed, 26 of them were potentially threatening to patients’ lives, whereas 55 of them were
considered important [48]. Moreover, a study of Calabrese et al. did not observe any lethal
errors, but five of them contributed to the need for increased monitoring of the patient and
two of them led to the implementation of an appropriate intervention [49]. On the contrary,
Flaatten and Hevroy found that one error led to the death of a patient; five (5.7%) were evalu-
ated as important, whereas twenty two (25%) contributed to the implementation of an appro-
priate intervention [50]. Finally, in a study of Rothschild et al. (2005), 120 AE were reported,
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14 of which (11.6%) were threatening for the life of patients and 2 (1.6%) of them were lethal,
whereas 24 (11%) of the 222 errors which were reported were evaluated as potentially threat-
ening for the life of patients [51].

8. Prevention of medication errors

The use of technology contributes to the improvement of the quality of the services provided
and maximizes the protection and safety of patients against eventual errors and events
throughout healthcare provision. Intranet installation as well as the use of personal comput-
ers in healthcare provision units contributes to the implementation of automated (computer-
ized) systems for the writing of medical instructions, therefore eliminating errors attributable
to illegible handwritings [52].

It also minimizes errors that occur while copying instructions on medication cards and prevents
questions and misinterpretations, since every prescription includes mandatory fields that must
be completed, such as route and time of administration as well as the precise dosage. Using
special software for pharmacology, nurses can also be informed about possible allergies or side
effects from incompatible medications every time they check on a patient’s medical record. The
placement of barcodes on every medication as well as the placement of identification wrist-
bands for every patient upon admission to the hospital may decrease errors associated with
inappropriate administration of medications with similar packaging and the administration of
the wrong medication to the wrong patient. Using a wireless device at the time of hospitaliza-
tion, nurses are able to monitor the administration of the appropriate medication preparation
to the correct patient in the appropriate dosage using the appropriate route [53].

The use of “smart” infusion pumps for intravenous medication administration and more
specifically for the administration of unsafe preparations, such as heparin or insulin, pre-
determines the infusion rate and provides security alarms. Such pumps have been used for
several years in specialized departments, such as ICU. The rapid technological development
contributed to further improvement of the existing pumps by customizing them and giving
the healthcare professional the ability to enter information, such as possible allergic reactions,
for every patient or install a software with pharmacology data [54].

Additionally, nurses should ensure the correctness of their actions not only during the prepa-
ration but also during the execution of hospitalization, thereby eliminating any external inter-
ference. Preparation of hospitalization is also advised as well as dissolution of intravenous
preparations, at a separate, individual space and not in the room, where patients may pose
various questions to the nurse. Moreover, patients” escorts should not be in the wards during
hospitalization, so that it is quite and the nurses can concentrate on the administration of
medications without anything distracting their attention [54].

Last but not least, the medication errors may also be prevented by simplifying nursing actions,
by developing and establishing guidelines and protocols that will be followed systematically
during the preparation and the administration of medications. Yet it is imperative to ensure
the proper staffing of every health institution with nursing staff, in order to increase the ratio
of nurses to patients.
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9. Electronic medical records and medication errors

Electronic medical records (EMRs) constitute the only reliable implementation of medical,
nursing, and laboratory work, since they have limited errors and improved productivity, and
the medical decisions of the past provided essential support regarding the administration of
medication treatment and the detection of abnormalities in laboratory examinations. They
have also improved significantly the quality of the health services provided. The complete
development and implementation of EMRs further require the development of an integrated
information system [55, 56].

Some of the most important benefits of EMRs regarding medications are [55-60]:
i. Elimination of medical errors
ii. Physician productivity improvement
iii. Minimization of cost
iv. Encouragement of greater cooperation between sectors
v. Quality improvement of the provided services

vi. Systematic organization and nursing documentation through the use of legible medical
records

vii. Prevention of medication errors
viii. Minimization of the time that is required for written procedures
ix. Avoiding duplication of information required for the daily planning of the interventions
x. Communication through the use of a common language

xi. Easy and quick search and data recovery aiming at information but also with the poten-
tial of immediate information processing and grouping

xii. Faster and more efficient communication and arrangement of procedures that require
cross-sectorial cooperation

xiii. Valid economic analysis of hospitalization costs for every patient based on the regis-
tered interventions, laboratory exams, medications, and materials

xiv. Statistical process and evaluation of clinical nursing applications
xv. Possibility of data and folder filing with simultaneous space saving
xvi. Access of nurses to electronic libraries

xvii. Familiarity and active participation of nurses in the information society and the circula-
tion of knowledge

xviii. Improvement of information quality (clear, inclusive, reliable, always available)
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xix. Direct dissemination of common information at every level of information management
(order, supply, administration, implementation of intervention, charge)

xx. Complete workflow automation
xxi. Process definition and implementation at section level and cross-sectorial cooperation
xxii. Increase of individual and group efficiency and effectiveness

xxiii. Possibility of direct and effective intervention of the competent institution in cases of
any discrepancies in the management of medication products, materials, and labora-
tory exams

xxiv. Ability to monitor the availability of every type of pharmaceutical products
xxv. Ability to monitor physical and electronic stocks of every department

xxvi. Positive impact on the financial management of the insurance funds and the hospital
due to a decrease of fictitious overconsumption of medications.

10. Clinical vignette

Louisa Bright, a 77-year-old, used to wake up at night with a difficulty in breathing with
wheezing. Her doctor diagnosed her with asthma and gave her a prescription with albuterol,
a bronchodilator. Two days later, Mrs. Bright was admitted to the coronary care unit (CCU)
of a hospital with a heart attack. In his letter to the team leader of the medical department,
the cardiologist reported that Mrs. Bright's doctor had made a wrong diagnosis regarding the
wheezing of congestive heart failure and had prescribed a wrong treatment for asthma. The
cardiologist reported that the therapy could have accelerated heart attack.

11. Conclusion

Errors in the administration of medication treatment constitute a consequential causa-
tion of morbidity and mortality, yet it could be an unclear and underappreciated under-
standing. A medication error is any error that happens in the medication use procedure.
It has been assessed by the IOM that medication errors bring about 1 of 131 outpatient
and 1 of 854 inpatient deaths. Medication elements (e.g., sounding names, below normal-
level therapeutic index), patient elements (e.g., unsatisfactory renal or hepatic function,
impaired knowledge, polypharmacy), and healthcare professional elements (e.g., use of
abbreviations, perceptual biases) are able to bring about faster medication errors. Frequent
effects faced by physicians after medication errors can be categorized as loss of patient
trust, civil actions, criminal charges, and medical board discipline. Procedures to prevent
medication errors from happening (e.g., use of information technology, better drug label-
ing, and medication reconciliation) have been used with inconsistent satisfactory outcome.
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If an error or an adverse drug event is realized, most patients anticipate disclosure that
is at a suitable time, given in person, and accompanied with an apology and attempt to
prevent future adverse drug events and errors. Learning more about medication errors may
improve healthcare professionals’ capacity to make available cautious healthcare to their
patients. Future research should concentrate on recognizing the errors and adverse drug
events that most usually cause patient injury. Furthermore, a better knowledge in what
manner of information technology, labeling, medication reconciliation, and improved care
transitions decrease medication errors and adverse drug events is needed. A concentration
of easy-to-use and cheap techniques for medication error lowering will probably have the
greatest influence.
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Abstract

As the demand for health-care services continues to increase, clinically efficient and
cost-effective patient monitoring takes on a critically important role. Key considerations
inherent to this area of concern include patient safety, reliability, ease of use, and cost
containment. Unfortunately, even the most modern patient monitoring systems carry sig-
nificant drawbacks that limit their effectiveness and/or applicability. Major opportunities
for improvement in both equipment design and monitor utilization have been identified,
including the presence of excessive false and nuisance alarms. When poorly optimized,
clinical alarm activity can affect patient safety and may have a negative impact on care
providers, leading to inappropriate alarm response time due to the so-called alarm fatigue
(AF). Ultimately, consequences of AF include missed alerts of clinical significance, with
substantial risk for patient harm and potentially fatal outcomes. Targeted quality improve-
ment initiatives and staff training, as well as the proactive incorporation of technological
improvements, are the best approaches to address key barriers to the optimal utilization of
clinical alarms, AF reduction, better patient care, and improved provider job satisfaction.

Keywords: alarm fatigue, clinical alarms, clinical monitoring, monitoring equipment,
patient safety

1. Introduction

Highly reliable, precise, user-friendly, and cost-effective clinical alarm systems are critical
to efficient functioning of health-care facilities [1-3]. Despite tremendous progress over the
past few decades, the “perfect solution” remains elusive, with focus being placed primarily
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on clinical indications and appropriateness of use for the existing equipment and monitor-
ing frameworks [3-6]. Beyond the concept of “false alarm,” suboptimal implementation of
clinical monitoring systems can have much more profound and potentially dangerous con-
sequences [7-9]. One such consequence, and the primary topic of this chapter, is the phe-
nomenon of alarm fatigue (AF). It is defined as the decrease of clinician response caused by
excessive alarms, sensory overload, and desensitization, in addition to other occupational
and environmental variables [9-11]. Among contributing factors are also high staff workload,
long shift hours, and work environments with high noise levels, all of which contribute to the
“desensitization effect” associated with AF [10, 12].

Hospital patient care units tend to be high-paced and potentially unpredictable environ-
ments, with complex workflows. Multiple simultaneous interactions between patients, fami-
lies, and health-care staff may create an added element of chaos [13, 14]. To help nurses and
other staff cope with their many responsibilities, various audible and visual alerts have been
implemented to prompt immediate response and clinical assessment of patients [15]. These
alerts are relayed from patient monitoring devices, which provide continuous flow of vital
sign data with a high degree of sensitivity. The advanced technology used in these surveil-
lance systems has provided a significant amount of physiological data at low cost while being
particularly helpful by facilitating the monitoring of critically ill patients to identify devia-
tions of vital signs (e.g., heart rate, respiratory rate, blood pressure, and pulse oximetry) from
normal ranges [16]. However, when various clinical alarm systems are superimposed on the
need for constant vigilance in the setting of highly challenging and often chaotic environment
of the typical clinical unit, the stage is set for the emergence of AF and other forms of cognitive
lapses [17-19].

The prevalence of various monitoring modalities has increased significantly, with most health-
care institutions utilizing some broadly defined combination of different alarm systems. As
the use of these systems became more widespread, a major flaw became evident: the excessive
amount of triggered alarms was contributing to unintended consequences, both in terms of
patient outcomes and staff fatigue/dissatisfaction [8, 20, 21]. The high rate of nonactionable
alarms, where immediate action is not required on the behalf of clinicians, was especially prob-
lematic [22]. In fact, the increasing frequency of “false alarms” has a significant desensitization
effect on hospital staff, whereby some alarms may be erroneously “dismissed by assumption”
as being “noncritical” [23]. This desensitization leads to both increased response times and
decreased, or even lack of, clinician response. In the setting of a busy hospital, it is common-
place to hear constant chimes and beeps, each coming from different machines and indicating
different “alarm conditions” (Figure 1). It should be more of an expectation that clinicians
become desensitized to extraneous stimuli given the constant sensory bombardment coupled
with the need for vigilance and differential interpretation of each alarm [25, 26]. When further
compounded by heavy clinical workloads and long shifts, it becomes a matter of “statisti-
cal probability” before a critical alarm is missed [27-29]. Given the effect of this potentially
dangerous phenomenon on both quality and safety of patient care, closer scrutiny of AF and
related concepts is warranted. In this chapter, we will present a vignette-based discussion
outlining fairly typical AF scenarios. Opportunities for improvement, including equipment,
personnel, and systems-based considerations, will then be provided.
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Figure 1. Conceptual model for daily observed alarms at a typical acute care hospital. Data shown in proportion
to different scales, from individual patient to entire institution, showing the true magnitude of the problem
(source: Ref. [24]).

2. Primary research methods

For the purposes of this chapter, the authors performed a thorough literature search using
PubMed, Google Scholar™, and Bioline International. Primary search terms included “alarm
fatigue,” “health-care alarms,” “patient monitoring,” “provider burnout,” as well as second-
ary terms consisting of various combinations of primary search terms. From over 47,000
unique search results, we distilled 73 most pertinent references immediately relevant to this
document. Finally, additional sources that were cited across our primary search results were
added, for a total of 101 references included in the final manuscript.

” o

3. Patient monitoring: different types and modalities

A diverse number of patient monitors are widely used across various health-care settings
[30-32]. When employed correctly, they provide potentially valuable, actionable, and real-
time information about a patient’s clinical status. Different monitoring devices are intended
to measure different parameters, potentially allowing for rapid assessment of a patient. This
is especially relevant in the context of the current discussion of AF and more specifically the
domain of alarm trigger accuracy [32, 33]. As clinical monitoring becomes more sophisticated
and better integrated, remote (off-site) implementations also become possible [34-36]. The
subsequent discussion will outline major types of monitoring equipment and alarms, includ-
ing ventilation/oxygenation, hemodynamic, and pressure point alert systems.

3.1. Ventilation/oxygenation alarms

In general, primary ventilation/oxygenation alarms (VOA) include capnography and pulse
oximetry, respectively. More broadly, respiratory parameter monitoring indicates the patient’s
oxygen saturation, respiratory rate, and end-tidal carbon dioxide [33, 37]. The use of VOA has
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been particularly important for critically ill patients who require mechanical ventilatory sup-
port. In such applications, the monitor is designed to be exquisitely sensitive to detect even
the slightest changes in a patient’s oxygenation or ventilation status [38]. As demonstrated in
Clinical Vignette #1 later in the chapter, an alarm may be triggered following the detection of a
very small respiratory parameter “excursion,” regardless of its clinical significance or magni-
tude of the observed change in the patient’s actual clinical status. In this context, apnea and
minute volume warnings are among the most common alarms triggered, with majority of such
occurrences deemed clinically irrelevant upon further interrogation [39]. Moreover, many VOA
triggers can be attributed to artifactual sources (e.g., patient movement, interruption of blood
flow by inflating blood pressure cuff, and even atmospheric pressure variations) [37]. Thus,
providers should be educated accordingly to ensure that the above considerations are appropri-
ately factored into final clinical determinations and decisions.

3.2. Hemodynamic alarms

Hemodynamic alarms (HA) monitor a variety of parameters, of which the most common
ones include heart rate, systolic/diastolic/mean blood pressure, and various other intra-
vascular pressure measurements via both invasive and noninvasive approaches [37, 40].
Hemodynamic monitoring has become a useful tool for the bedside assessment of patients
in a number of clinical scenarios, from routine telemetry applications to advanced intravas-
cular catheter utilization. There is some degree of predictability based on measured param-
eters, especially when trend determination and volume responsiveness are being considered
[41, 42]. Hemodynamic monitors are particularly important in the setting of an unstable (or
potentially unstable) patient, similar to the one described in Clinical Vignette #3 later in the
chapter. In such capacity, HAs can help facilitate rapid intervention and prompt correction
of emergent issues. Still, HAs are far from perfect, with significant shortcomings in their dis-
criminatory capabilities. More specifically, HAs are unable to identify a patient as “stable”
or “unstable,” especially when physiologic compensatory processes mask any underlying
instability or in the setting of rapid change in hemodynamic status [43]. Thus, when using
any particular monitoring modality, there is no substitute for an astute clinician who is able
to effectively correlate HA findings with the clinical reality [44—46].

3.3. Bed and chair pressure sensors

Bed and chair pressure sensor (BCPS) alarms are utilized across many hospitals and other
health-care facilities to help reduce mechanical falls among patients who experience ambula-
tory or balance difficulties [47, 48]. Falls typically occur as patients attempt to mobilize and/or
ambulate without the required assistance of trained health-care staff [49]. Consequently, the
use of BCPS alarms serves to alert staff —typically by a pressure-sensitive mechanism —when
a patient attempts to move from a bed or chair without assistance. However, the weight-
sensitive pads are easily triggered by very slight patient movement, resulting in a significant
number of false alarms [50, 51]. This challenge was readily apparent in Clinical Vignette #3 later
in the chapter, as the majority of BCPS alerts were likely due to the patient merely shifting
slightly in the bed, and not by an actual attempt to independently mobilize and/or ambulate.
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Unfortunately, the one true positive alarm became lost in “a sea of false negatives.” The prac-
ticality of BCPS alarms is also diminished by the inability of staff members to immediately
assess/respond to the triggered alarm. Instances have been noted in which the alarm signal
is transmitted after the event already transpired, as patients tend to fall immediately upon
leaving the bed or chair [52].

In summary, the above-referenced monitor/alarm types have become an important part of
the modern health-care fabric. Despite their ubiquitous use and great potential for construc-
tive and practical clinical application, each type of device carries inherent flaws that provid-
ers must be aware of. Detailed knowledge of the risk-benefit equation associated with each
device and clinical alarm type is important not only for patient safety but also required to help
improve the quality and accuracy of the next generation of monitoring devices.

4. Patient monitor alarm design

Patient monitors are designed to have high sensitivity to predefined changes in various mea-
sured parameters, including vital signs, respiratory/ventilator status, and patient movements.
However, the major drawback associated with high alarm sensitivity is the poor specificity
and inherently disproportionate number of nonactionable (or nonclinical) alarms triggered
[22, 53, 54]. Depending on the specific alarm and clinical setting, the estimated in range of
“false positives” may be as high as 80-99% of all triggered alarms [8]. Broadly speaking, non-
actionable alarms can be categorized as false alarms, nuisance alarms, and technical alarms
(Figure 1). To elaborate further, false alarms occur in the absence of an actual patient or sys-
tem trigger and typically result from a measurement artifact [55]. Technical alarms mandate
the provider to attend to some operational aspect of the monitoring system, such as when
readjustment of monitor leads/sensors is required [21]. Nuisance alarms are defined as clini-
cally insignificant alarms that may interfere with patient care [10]. In aggregate, these non-
actionable alarms are a major cause of the overall desensitization of hospital staff that may
ultimately result in AF (Figure 2).

Furthermore, to be effective, the alarms transmitted by monitoring systems must trigger some
degree of cognitive response in health-care providers. This equates to introducing stress and
the need for constant vigilance, both of which further heighten the risk of AF [56, 57]. When
multiple clinical competing priorities collide, it becomes increasingly difficult for a provider
to proactively address all ongoing problems, thus forcing them to resort to only partially
addressing acute issues while at the same time disrupting other (parallel) activities due to
multitasking [58-61]. Consequently, an ideal alarm should be perfectly audible and easily
recognized by health-care providers working within the patient care unit [8], while at the
same time minimizing the amount of stress imposed on the responding clinical staff.

The increasingly complex environment of modern health-care systems has led to several
important considerations regarding the practical application of monitoring systems. For
example, space-related issues deserve special mention, with overly crowded clinical units
creating an abundance of alarm-related stimuli and geographically larger clinical units
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Figure 2. Schematic representation of the classification of alarm types triggered by various patient monitoring systems,
including both actionable and nonactionable alerts (source: Ruskin [8]; Gorges [66]; and Tsien [67]).

presenting a barrier to prompt patient access. Elevated acuity and high patient throughput
are also important considerations in this context [62].

Furthermore, technological advancements facilitated the development of increasingly sophis-
ticated alarm systems, with novel features designed to decrease the nuisance factor of the alert
mechanism while preserving the level of overall clinical vigilance [63, 64]. These are intended
to provide a range of alarm tones that allow care providers to easily identify and prioritize
alarms, typically as high, medium, or low priority. However, the implementation of such
systems (e.g., IEC 60601-1-8 standard) has presented challenges in terms of recognizability of
melodic alarm tones. More specifically, nurses found it difficult to accurately identify all of
the melodic tones signifying high-priority alarms, in addition to the potential for confusion
between certain alarm pairs [65]. An example of such phenomenon is presented in Clinical
Vignette #1 below, where two sets of tones were too difficult for the nurse to readily differ-
entiate, rendering the alarm feature ineffective. Consequently, it is important for systems to
have some degree of built-in learnability and flexible discriminative ability, with continued
refinement, development, and testing of each clinical alarm, both alone and in tandem with
other competing alarms [65]. Without exception, any observed deficits in patient monitor
effectiveness and/or safety should prompt an immediate critical evaluation of both technical
and clinical aspects of its implementation and function.

5. Clinical Vignettes

5.1. Clinical Vignette #1: 62-year-old female presenting with chronic obstructive
pulmonary disease (COPD) exacerbation

A 62-year-old female was admitted to the local hospital 5 days ago due to chronic obstructive
pulmonary disease (COPD) exacerbation. She was diagnosed with COPD several years prior
and remained stable with no history of exacerbations until 1 week ago when she developed a
progressively worsening cough. Soon after her symptoms worsened, she began to feel short-
ness of breath that was not relieved by rest. At this point, her family insisted she go to the
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hospital for evaluation. Upon arriving in the emergency department, short-acting bronchodila-
tors and oral corticosteroids were administered with only mild symptomatic improvement.
Given the patient’s dyspnea at rest, as well as decreased oxygen saturation of 86%, she was
admitted to the pulmonology unit. Supplemental oxygen and intravenous corticosteroids were
administered.

At admission, continuous pulse oximetry monitoring was started. The patient’s hypoxemia
seemed to improve slightly over the next 4 days, with oxygen saturation climbing to 88-90%
range. Still, the patient’s ventilatory monitor sent alarm signals to the hospital staff several
times an hour due to high respiratory rate and episodic oxygen desaturations. Alarm signals
were transmitted as either a single low tone (respiratory rate) or a double alarm (desatura-
tions), alternating between low and medium tones. The difference of alarm tone indicated the
range in which the patient’s oxygen saturation was measured, but the assigned night-shift
nurse found the tones to be too difficult to distinguish and would routinely just perform an
in-person check of the saturation level upon entering the room. Throughout the first two
nights, the same nurse responded to the alarms in a timely fashion, only to find the patient
stable and with no signs of acute distress. Assuming that alarms are unlikely to represent any
actionable clinical events, the same nurse then began to silence the sounds and began check-
ing on the patient hourly. In the early morning hours of the fourth day, the nurse silenced
the alarm once again, intending to assess the patient once the remainder of her rounding
routine was completed. When the nurse finally came to the patient’s room an hour later, she
found the patient unresponsive and cyanotic. A rapid assessment showed an oxygen satura-
tion of 79%. The patient was immediately intubated, transferred to intensive care unit, and
mechanical ventilation was initiated.

5.2. Clinical Vignette #2: 65-year-old male transferred to inpatient unit following a
total knee arthroplasty

A 65-year-old male with a history of osteoarthritis of the right knee and refractory pain under-
went preoperative evaluation by an orthopedic surgeon. Given his adequate performance sta-
tus and lack of comorbidities, the patient was determined to be a suitable candidate for total
right knee arthroplasty. The surgical procedure was uneventful, with appropriate antibiotic
and venous thrombosis prophylaxis administered perioperatively. Following a brief recovery
in the postanesthesia care unit, the patient was transferred to the inpatient floor with expected
discharge within 5 days postsurgery. Due to the nature of his surgery and apparent fall risk, the
patient’s room was fitted with weight-sensitive bed and chair alarms. During the first 3 days, he
remained relatively sedated due to the frequent administration of pain medications. However,
as the patient began to regain strength, his analgesia regimen was tapered. On day 4, the con-
current increase in patient’'s movement began to trigger his bed monitor to the point where
the on-call nurse was receiving nearly constant alarm notifications. Multiple times, the nurse
entered to assess the patient only to find him resting comfortably without apparent attempt
to leave his bed. Later that night, after leaving the patient’s room, the nurse was unexpect-
edly assigned to three additional patients due to an unplanned absence of a coworker. As the
nurse hurried to assess the new patients, the bed monitor transmitted yet another alarm signal.
Annoyed by the repeated negative alarms, the nurse disabled the alerts from the bed monitor,
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intending to check in after tending to her newly assigned patients. When she finally returned
to the patient’s room, she found him sprawled on the floor and writhing in pain. The patient,
emboldened by his rapid recovery, had attempted to ambulate to the bathroom without assis-
tance and lost his balance in the process. The intense pain prevented him from reaching the call
button on the hospital bed, so he was forced to lie on the floor in pain for approximately 1 h.
A subsequent skeletal survey revealed a left hip fracture, which required additional surgery,
prolonged hospital stay, and the need for inpatient rehabilitation stay due to temporary dis-
ability involving bilateral lower extremities (e.g., right knee arthroplasty and left hip injury).

5.3. Clinical Vignette #3: 71-year-old male with history of multiple myeloma
admitted for right lower extremity swelling associated with minor pain

A 71-year-old male with a history of multiple myeloma was admitted to the urgent care center
after noticing sudden onset of right lower extremity swelling associated with minor pain. The
patient began induction therapy for multiple myeloma approximately 1 year prior, achieving
adequate disease control. He was subsequently transitioned to maintenance treatment, which
he continued for the past 6 months. Evaluation in the urgent care center with venous duplex
studies revealed a deep venous thrombosis (DVT). Because of the patient’s established history
of malignancy, the triage clinician opted for hospital admission and therapeutic anticoagula-
tion. While being transferred to the inpatient unit, unfractionated heparin anticoagulation
was started. Per standard protocol, monitoring equipment was hastily fitted to the patient
for noninvasive measurement of his blood pressure and heart rate. Overnight, the patient
remained stable, with some resolution of lower extremity of pain despite persistent swell-
ing. The on-call physician assessed the patient during morning rounds and ordered to repeat
venous duplex for the afternoon to evaluate for resolution/progression of the DVT. Of note,
throughout the night and into the morning hours, the patient’'s hemodynamic monitor had
been sending intermittent alarm signals. With the first few alarms, the charge nurse promptly
responded and quickly assessed the patient for any signs of instability or distress. However, as
the shift progressed, the nurse increasingly dismissed repeated signals as “false alarms” due
to a recurring pattern of mildly elevated blood pressure and heart rate secondary to episodic
extremity pain. Because the inpatient unit continued to be understaffed during the morn-
ing shift, the charge nurse decided to disable the patient’s repeated monitor alarms after the
patient was assessed during morning rounds and found not to have any acute issues. It was
hoped that this decision would eliminate the distraction of the nuisance alarms. However,
during the patient’s routine afternoon assessment, the rounding physician noted cold and
diaphoretic extremities with markedly increased swelling. Interrogation of the monitor sys-
tem revealed progressive bradycardia and hypotension over the past hour. An emergency
CT angiogram showed a massive pulmonary embolism, prompting immediate thrombolytic
therapy and patient transfer to intensive care. Despite aggressive management, the patient’s
shock became refractory, culminating in his death several hours later.

5.4. Summation of Clinical Vignettes: finding common threads

The three hypothetical clinical scenarios outlined above share a common theme: dedicated
monitoring systems implemented to ensure early detection of clinical deterioration and thus
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patient safety were utilized either ineffectively or incorrectly. In all three vignettes, a conflu-
ence of factors (environment, patient, medical personnel) subsequently led to AF and then
adverse patient outcomes. In the following sections, we will further discuss the phenomenon
of alarm fatigue, focusing on its impact on daily clinical practice.

6. Alarm fatigue

After the general introduction of AF earlier in the chapter, the authors will now discuss this
important concept in greater detail. The phenomenon of AF is multifaceted and includes
increased clinician response time with simultaneous decreased response rate that is mainly
attributed to excessive stimuli from clinical alarms [8]. Depending on patient acuity and
clinical monitoring requirements, typical bedside health-care personnel may be exposed to
as many as 1000 alarms during a single shift, of which as many as 95% can be nonactionable
and thus do not require immediate clinical determination [8, 66, 67]. Given the multitude of
clinical alarms, a provider has to sort through during a typical hospital shift, there will be a
natural tendency to potentially dismiss certain alarms as insignificant through rationaliza-
tion. This phenomenon is described in the literature as the natural human behavioral reaction
to “deprioritize signals” that have often been proven to be either false or misleading. Thus,
staff may begin reflexively disabling or silencing alarm systems, which could effectively mask
other alarms that may be clinically significant [68, 69]. To some extent, this behavioral pattern
was seen in all three Clinical Vignettes, where the actionable alarm was masked by the vast
number of nonactionable alarms that preceded it. Ultimately, the resulting delay in response
or inadequate response puts patient safety at risk and may result in morbidity and/or mor-
tality [70, 71]. Technologically advanced physiologic monitors bring a lot of promise, both
in terms of earlier and more sensitive detection of patient deterioration (or other clinically
significant event); however, the sensory overload and desensitization associated with AF will
likely continue to present a major opportunity for improvement.

Certain other factors have been implicated in the increased incidence and severity of alarm
fatigue, including greater staff workload, higher patient acuity, and the complexity of the
modern health-care environment [10]. Nurses serve as key frontline staff in most clinical set-
tings and play a pivotal role in overseeing patient care and monitoring. Moreover, nurses are
subject to significant occupational stress that can be attributed to multiple causes, including
heavy workloads [72]. This stress, as outlined in previous sections of this chapter, certainly
influences AF by forcing nurses to instantaneously adjust their work activities (and priori-
ties) according to perceived importance of near constant clinical alarm activity. Our Clinical
Vignette #2 illustrated the difficult task of ongoing patient triage, with the nurse having to
prioritize between the three newly admitted patients and all of her other assigned patients.
This constant need for clinical vigilance and prioritization is potentially disruptive to typical
workflow, especially when high task complexity is involved. It can also contribute to the
development of burnout [73]. Nurses have expressed the internal conflict between having
to ignore the constant alarms simply to maintain sufficient focus to finish their routine tasks
[74]. It is not surprising that increasing workload or task complexity has been associated with
both suboptimal job performance and inconsistent alarm response [10]. Furthermore, the
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Figure 3. The word cloud demonstrating the multifaceted phenomenon of alarm fatigue.

effort of acknowledging, evaluating, and responding to an alarm significantly increases the
overall time commitment and workload of the nurses, which further perpetuates the trend of
decreased alarm response and task performance [8].

Because multiple factors contribute to AF, many existing models struggle to fully account
for (and address) clinician behavioral patterns seen with AF [75]. At the same time, it should
be noted that AF is not unique to clinicians. In fact, a similar phenomenon has also been
seen among human operators utilizing automated monitoring systems, such as aircraft pilots
and nuclear power plant operators. The excessive number of alarm activations leads to the
tendency of operators to ignore alerts, particularly when the monitoring system produces a
high rate of false alarms or alerts [75]. For these operational environments, it has also been
suggested that increased primary and secondary task workloads have a compounding effect
on alarm response degradation that may occur in the setting of low alarm system reliability
[76]. Similar to the clinical setting, AF can be associated with serious safety risks and repre-
sents a similar barrier to the practical application of automated monitoring systems in other
fields (Figure 3).

7. Potential outcomes of alarm fatigue

Significant percentage of nonactionable alarms in the typical modern clinical environment
can lead to the development (and subsequent habituation) of AF. As previously mentioned,
AF can be characterized by alarm desensitization, mistrust of alert accuracy/utility, and
delay of caregiver response (or even lack thereof). Commonly seen reactions to AF include
the deactivation and silencing of systems or adjustment of alarm parameters to decrease
the number of alarms. Such reactive behaviors have the potential to result in missed criti-
cal alarms, leading to patient morbidity or even mortality. In fact, patient safety consid-
erations associated with AF are among the top items of Emergency Care Research (ECRI)
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Institute’s Health Technology Hazards list [77, 78]. The subject of AF has been extensively
studied, primarily due to its high prevalence across essentially all health-care settings. The
underreporting of alarm-related events has been recognized as a challenge, and it should
be noted that recorded incidents likely reflect only a small proportion of actual events.
Available records from the Joint Commission’s Sentinel Event Database show 98 alarm-
related occurrences between January 2009 and June 2012 (Figure 4). Of these reported events,
several common alarm system issues (Figure 5) were directly connected to events leading to
injury or death (Table 1) [79].

Result of alarm-related event

Number of patients

m Death B Permanent loss of functon B Unexpected additional care { extended stay

Figure 4. Alarm-related events and subsequent results from January 2009 to June 2012 (source: Joint Commission’s
Sentinel Event Database).
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Figure 5. Major contributing factors of alarm-related events (source: Joint Commission’s Sentinel Event Database).
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Event

Falls
Delays in treatment
Delays in ventilator use

Medication errors

Source: Ref. [24].

Table 1. Common alarm-related events leading to injuries or deaths.

Additionally, the US Food and Drug Administration’s Manufacturer and User Facility Device
Experience (MAUDE) database has identified 566 alarm-related patient deaths between
January 2005 and June 2010 [79]. Reports detailing alarm-related events have prompted thor-
ough investigation into AF and possible strategies to address this important phenomenon in
the clinical setting.

8. Quality improvement

Considering the potential for very serious clinical consequences of AF, quality improvement
measures have been proposed to help reduce both nonactionable alarm occurrences and the
incidence of AF. Successful quality improvement projects must address multiple facets of the
overall problem, including root causes that lead to AF (Figure 6). For example, poor usability
and lack of user-centered devices have the potential for elevating clinical personnel stress
levels, creating unnecessary workload and interjecting workflow inefficiencies into an already
tense environment [81].

Potential solutions for reducing the incidence of AF include multipronged approaches consist-
ing of staff education, equipment (hardware and software) enhancements, and implementa-
tion of more efficient clinical protocols or guidelines [82-84]. From an educational perspective,

Equipment Excessive Workload /
Programming Errors Staffing Issues

Unclear Delineation Alarm Fatigu g Desensitization to Alarms

of Responsibility

z R ; : Inefficient / Poor
Competing Priarities No contingency Al Design
/ escalation

o

Figure 6. The different aspects of alarm fatigue that can be addressed through different quality improvement approaches
(source: Ref. [80]).
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it is important to ensure adequate staff education, equipment training, and closer team col-
laboration to improve patient safety within the existing framework [8, 85]. In addition to staff
education, hospital policies have been developed and implemented to more clearly define
which staff members are able to change alarm settings, as well as how such changes should be
made and documented. Many of these polices have also delegated the responsibility of per-
forming clinical alarm monitoring rounds to a staff member in order to allow for continued
review of the application of patient monitoring systems [86-88].

To address the issues of staff workload, two potential approaches have been proposed. The
first approach consists of secondary notification systems. The second option involves the use
of dedicated staff to oversee alarms. A secondary notification system involves a specialized
network interface that algorithmically facilitates the decision process regarding which alarms
will be further communicated or escalated to pertinent downstream clinical staff. Further, this
system would also enable the automatic escalation of an alert to another clinician, should the
primary recipient fail to acknowledge the alarm within a designated timeframe. The use of
staff to oversee alarms, while an expensive option, can give additional support to care provid-
ers in the form of dedicated personnel whose responsibility is to continuously monitor patient
data trends and alarms from a central station [58].

No matter the solution, all the quality improvement processes require a multidisciplinary
approach to address the causes and effects of AF. Only through collaborative efforts can sub-
stantial change be accomplished to reduce the number of alarm-related events in health care.
In addition to the quality improvement measures taken by hospitals, technological advances
have also led to more efficient and practical application of patient monitors in the clinical
setting. These advances are directed at the reduction of nonactionable alarms with the goal
of decreasing the alarm desensitization associated with AF. The importance of adequate
information technology support, including better device designs, must be emphasized. As
increasingly efficient and complex monitoring equipment is introduced into the clinical realm,
certain phenomena, such as the emergence of “unpredictable code,” may adversely affect
computer performance (including the ability to effectively recognize important data patterns)
and lead to clinical alerts being missed despite the fact that alert-specific data were clearly and
provably present [89].

9. Technological advances in patient monitors

In general, clinical monitoring is based on a careful balance between sensitivity and specific-
ity of alarm signal recognition, as well as the associated threshold setting required to trigger
“alert condition” [90, 91]. Increasing monitor sensitivity helps ensure that truly significant
events are not missed, primarily using single-parameter alarms and default thresholds [8].
However, as a trade-off this increases the incidence of nuisance alarms that are nonactionable.
This issue may be remedied by the development of “smart alarm systems” that use algorith-
mic approaches to evaluate multiple parameters prior to determining whether the detected
change is truly critical, and only then sending an alert to the operator [15]. This improvement
in device specificity would result in significantly fewer false alarms and therefore reduce
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System Description

Application

Rule-based
expert systems

Application of expert knowledge
from a compiled database to new
context and simulation of expert

decisions
Neural Utilization of artificial neural
networks networks to predict disease presence
based on advanced information
Fuzzy logic Diffuse processing of exact data
that does not indicate an explicit
conclusion
Bayesian System used for the estimation of
networks event occurrence based on causal

Development of a highly specific patient monitor system
with electronic access to data available in a multichannel
patient monitor and data management system to detect
cardiac disturbances [37, 96]

Development of neuronal network used to detect
myocardial infarction early on in patients admitted for chest
pain [37, 97]

Development of a monitor system able to diagnose
simulated cardiac arrest via evaluation of EKG,
capnography, and arterial blood pressure [37, 98]

Application of system for decision support in cardiac event
detection [37, 99]

probabilistic networks

Source: Schmid et al. [37].

Table 2. Applications of artificial intelligence in the development of intensive care monitoring.

AF. At the same time, the challenges of “unpredictable code” and “interrupted or corrupt
data” have been noted and may represent an important safety issue due to the potential for
missing data or data misinterpretation, especially when using memory-intensive applications
on devices that are continually operating for prolonged periods of time [89, 92-95].

The ideal patient monitor would have high sensitivity, as well as high negative predictive
value for life-threatening clinical scenarios. This would result in excellent “event detection
rate” while reducing the number of false and nuisance alarms. Still, any improvement of
sensitivity/negative predicative value for monitors must be accompanied by corresponding
adjustment to specificity/positive predictive value, ensuring that clinically significant events
are captured efficiently [33]. The accomplishment of the above goals may be possible using
the application of artificial intelligence (AI) in monitoring systems, wherein Al would be
incorporated into logic-based, decision-making systems. The ultimate goal would be the
development of clinical monitoring capabilities that reflect and mirror human cognitive/
decision-making processes [37]. In the context of this chapter’s Clinical Vignettes, the applica-
tion of such Al-based systems might be helpful in minimizing the number of nonactionable
alarms, thus reducing the subsequent AF associated with adverse clinical events. So far, the
utilization of Al has been explored in several different applications (Table 2).

10. Conclusion

Given the proliferation of advanced monitoring equipment, AF continues to be a major patient
safety issue across modern health-care systems. While technological advances show great
promise in improving patient care, significant barriers to more optimal implementations exist,
including the ongoing struggle to balance the need for high sensitivity versus the excessive
number nonactionable clinical alarms. The high frequency of clinical alerts, especially when
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combined with heavy clinical workload, is known to have negative effects of hospital staff,
including alarm desensitization and subsequent delay and/or lack of caregiver response. The
resultant AF poses a serious risk to patient safety and has been associated with significant
adverse events, including the need for additional or prolonged hospital care, excess attributable
morbidity, and even mortality. Prevention of AF requires a multipronged approach consisting
of quality improvement measures, staff training, better equipment management (e.g., monitor
threshold adjustments) to reduce false alarms, and focus on optimizing staff workload.
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Abstract

Intravenous catheterization is a widely used invasive procedure, with applications in
both ambulatory and hospital settings. Due to its inherently invasive nature, intravenous
(IV) therapy is associated with a number of potential complications, many of which are
directly relevant to patient safety (PS). PIV-related morbidity may be due to mechanical
or nonmechanical factors. The most frequent nonmechanical peripheral venous cath-
eterization adverse events (PVCAESs) include insertion site pain, phlebitis, hematoma
formation, and infusate extravasation. The most common mechanical PVCAE is catheter
obstruction/occlusion and dislodgement. Significant complications can also occur with
the administration of incorrect type or wrong amount of IV fluids. Moreover, simulta-
neous infusion of incompatible medications can result in infusate precipitation. Finally,
less frequent but significant complications have been reported, including bloodstream
and local infections, air embolization, nerve damage, arterial puncture, skin necrosis
associated with vasopressor infusions, and limb-threatening forgotten tourniquet events.
Taken together, the above complications can lead to substantial patient discomfort,
unnecessary or prolonged hospitalization, increased costs, and additional downstream
morbidity. Efforts to prevent PVCAEs and improve patient outcomes should involve
thorough provider education, clinical vigilance by all involved healthcare providers,
health service level strategies, as well as the proactive participation of all stakeholders,
including patients and their families.

Keywords: complications, intravenous therapy, peripheral intravenous catheter,
patient safety
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1. Introduction

Intravenous therapy (IVT) is a treatment modality based on infusing various compatible flu-
ids (e.g., solutions, medications, blood, or blood products) directly into a vein [1-3]. Modern
clinical efforts at IVT began in the early seventeenth century, but due to complications and
generally poor results, the practice was largely abandoned until the nineteenth-century chol-
era epidemic [4, 5]. Early publications on IVT date back to the 1880s, when Dr. Thomas Latta
described its use during the cholera epidemic in Britain [4, 6]. The standard IV use of saline
solutions did not begin until the early 1900s. Further advances in IVT occurred in the 1930s,
but this modality was not widely available until the 1950s [3, 7, 8]. It was not until the twenti-
eth century, after the two world wars, and the discovery of blood group types and pyrogens,
that clinical use of IVT gained more traction [5, 9]. The introduction of plastic bags and IV
catheters in the late twentieth century, combined with modern infection control practices,
resulted in IVT becoming a widespread and lifesaving therapeutic option [5, 10]. Intravenous
administration of fluids in the emergency setting (e.g., trauma, sepsis) can be a lifesaving
maneuver and represents the primary method of ensuring adequate intravascular fluid status
for patients who are unable to tolerate enteral nutrition [11, 12]. It is estimated that hundreds
of millions of PIV catheterizations are performed worldwide each year [13]. The vast majority
of these procedures are conducted by nursing staff, with the remainder performed by spe-
cialty teams [14]. Of note, approximately 80% of all hospitalized patients receive IVT [15, 16].
At the same time, the frequency of “idle catheters” (e.g., with no active medication or fluid
infusion) can be as high as 16%, with approximately 12% reporting at least one sign/symptom
of phlebitis [14]. The results of a more recent retrospective cohort study of 3829 patients by
Limm et al. showed that 50% of PIVCs inserted in the ED went unused. Of the 43% of patients
with idle catheters then admitted to the hospital wards, these continued to be unused 72 h
later [17]. There is an increasing awareness (and concern) of the possible morbidity, including
life and limb injury, associated with the highly prevalent usage of IVT [18]. The purpose of
this chapter is to provide a comprehensive overview of all major complications and patient
safety considerations associated with PIVs and IVT in the adult population. In addition, we
provide an illustrative case of a “forgotten tourniquet” to illustrate the importance of patient
safety measures in this important area of clinical care.

2. Types of venous access

Safe, dependable venous access for infusions is a critical part of patient care. There are two
primary types—peripheral and central venous access. The type of access is selected based on
the anticipated duration of IVT, the type of medication or solution to be infused, and patient-
specific considerations [19, 20]. The focus of this chapter, the PIV catheter, is a short intrave-
nous catheter placed via venipuncture into a peripheral vein, while central venous catheters
are inserted into large veins of the central circulation system (e.g., subclavian, jugular, and
femoral). Performed an estimated 150-200 million times annually in North America alone,
the impact of PIVs is difficult to comprehend [21]. Moreover, up to 8-23% of patients in the
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emergency department experience difficult PIV placement (e.g., multiple attempts, infiltra-
tion, and other placement-related complications). These patients are more likely to require
central venous access, which includes significantly higher associated morbidity. Ultrasound-
guided PIV catheterization can reduce the need for central venous access, thus potentially
reducing morbidity [21]. Not only does the ultrasound-guided PIV access decrease the reli-
ance on central venous access, but it also decreases the overall time, number of attempts, and
needle redirections compared to more traditional placement methods [22, 23]. While PIVs are
the preferred access mode for short-term IVT, central venous access is utilized for long-term
administration of medications or parenteral nutrition [23-27]. At times, when PIV access can-
not be established or is quantitatively insufficient for the delivery of desired volume or fluid
type, central venous access may be the only viable option to consider [15, 28].

3. Indications and common anatomic sites of peripheral intravenous
catheterization

PIV catheterization is indicated for short-term use across a broad range of clinical scenarios,
including administration of IV fluids, drugs, blood/blood products, dyes, and contrast media
[28, 29]. Several factors must be considered when selecting a site for PIV catheterization.
Although common sites of insertion are generally described as the lower arm and the dorsum
of the hand, superficial veins of the lower limbs can also be used for cannulation in certain
clinical situations [30]. The direct and indirect risks of complications can be curtailed by a
more thorough assessment of the vascular anatomy prior to choosing the optimal site, based
on both infusion- and patient-related factors [31-35]. Carr et al. reported that the antecubital
fossa (ACF), the most common insertion site cannulated in their study of 252 ED patients, was
associated with the best rates of insertion success (54.78%), but a secondary analysis revealed
that these successfully inserted PIVCs repeatedly failed to last for the intended 3-day dwell
time after transfer from the ED to the general hospital units [31]. In a project to reduce infusion
pump alarms, Matocha [34] reported that occlusion alarms (60%) represented the highest vol-
ume of alarms in a medical oncology unit. After intervention, occlusion alarms were reduced
by 17% but still represented the highest volume of alarms, which the author hypothesized
might be associated with the majority of catheter placements in the antecubital area due to flex-
ion at the site. Decreasing antecubital area placement in the first place through staff education
regarding vascular access planning and insertion competency was suggested as one way of
reducing occlusion alarms. Alarm frequency may interfere with patients’ sleep, cause unneces-
sary anxiety, and potentially negatively impact healing [32, 33]. It is imperative to consider the
clinical status of the patient carefully before selecting the site. Such assessment should consider
the general condition of the veins, tortuosity, locations of valves, bifurcations [36], the size of
cannula, type of drug to be administered, infusion rate, and duration of the intended IVT [30].
Intravenous cannula gauge and site of placement are critical factors in defining the success and
longevity of PIV cannula [37]. Of note, larger gauge (P = 0.0002, RR = 1.17, 95% CI 1.08-1.27)
and forearm placement (P =0.005, RR =0.7, 95% CI 0.55-0.9) are among the strongest predictors
of longer functional cannula life [38]. Evidence demonstrates the usefulness of multimodality
methodology in improving in first-time insertion success rate [2, 37].
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Overall, success rates for PIV placement range between 61 and 90%, with successful insertions
being associated with visible or palpable veins, providers with greater procedural volumes, and
inserters who were able to predict that placement would be successful [39]. Level of successful
venous access also appears to be associated with various patient factors (e.g., age, body mass
index, etc.) [40]. Difficult venous access is characterized by non-visible and non-palpable veins
for various reasons, including chronic disease, history of intravenous drug use, history of che-
motherapy, obesity, or malnourishment [41]. In addition to excellent technical skill and clinical
knowledge, various vein visualization devices and ultrasound-based approaches can be helpful in
facilitating successful PIV insertion [36]. Such devices include infrared vein visualizers and ultra-
sound; however, operator experience is required for optimal outcomes and success rates [42]. The
ability to leverage adjunctive devices to identify more veins can lead to greater placement and suc-
cessful and speedier cannulations [40]. In addition, assistive devices may help reduce the number
of insertion attempts and diminish complications such as unintended arterial puncture [43, 44].

4. Clinical vignette

A 49-year-old female with type 2 diabetes mellitus and morbid obesity underwent an abdomi-
noplasty due to recurrent lower abdominal cellulitis. Following a series of failed PIV placement
attempts in the left forearm, venous access was established on the dorsum of left hand with an
18G cannula. This PIV was then used during the induction of anesthesia, without any apparent
problems. The complex operation took approximately 5 h to complete. During this time, fluid
replacements were given intravenously. During the procedure, there was no evidence of left
upper extremity swelling, color, or temperature change. The point of insertion of the PIV can-
nula appeared unremarkable when the patient arrived in the postanesthesia care unit (PACU).

Within 4 h, however, the patient reported severe pain in her left hand. This pain persisted
despite escalating doses of analgesics. There was a mild but visible swelling in the left hand
as compared to the right side, along with decreased capillary refill and distal paresthesia.
When the patient's surgeon came to examine the patient, he exposed the entire left upper
extremity and discovered an intravenous tourniquet still in place, hiding behind the hospital
gown sleeve. The tourniquet was immediately removed, but it was too late to reverse the
resultant extremity compartment syndrome. The PIV was also discontinued, and a new cath-
eter is placed in the contralateral hand. An emergency fasciotomy was performed, allowing
salvage of the left hand and forearm, at the cost of a large left forearm scar. This substantially
increased the length of stay and associated costs and reduced the patient’s hospital experi-
ence. Fortunately, there were no signs of ischemic injury or permanent nerve damage, and the
patient had good functional recovery.

5. Overview of peripheral IV catheter complications

As outlined above, PIV catheters are routinely used for short-term delivery of intravascular
fluids and medications, thus being among the most important and the most frequent invasive
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procedure performed in hospitals. However, PIVs often fail before IVT is completed, with the
cited malfunction rate of about 90% [2]. A prospective observational study, the CATHEVAL
Project, suggested that the incidence of PVCAE: is significantly underestimated [1]. The inci-
dence rate of at least one PVCAE was 52.3%, with “clinical” PVCAEs occurring significantly
more frequently than “mechanical” PVCAEs [1]. The most frequent clinical PVCAEs were
phlebitis (20.1/100 PIVs), followed by hematoma (17.7/100 PIVs) and fluid/blood leakage
(13.1/100 PIVs). In terms of mechanical complications, obstruction/occlusion of PIV was the
most frequent event (12.4/100 PIVs) [1]. Of interest, the authors also reported on post-removal
PVCAEs (21.7/100 PIVs) as well as infections (0.4/100 PIVs) [1]. Moreover, significant com-
plications can occur if the incorrect quantity (volume) of IV fluids or incorrect medication
infusion/dosage is administered [45, 46].

The prevalence of difficult IV access can be substantial, with one study reporting 23% of patients
classified as “moderately difficult” and 5% classified as having “difficult access” [47]. Of inter-
est, female gender and a previous history of several IV placement attempts may be associated
with greater risk of difficult venous access, which in turn can increase the overall complication
risk [48, 49]. Currently, there is no internationally accepted definition of a “difficult access”
patient. Based on clinical observations many have tried to develop a predictive scale to identify
adult patients with difficult intravenous access: the DIVA scale [50]. Such scales can be used to
recognize patients with high probability of a difficult intravenous access. In such cases various
assessment devices (near-infrared and ultrasound) or call for assistance of more experienced
individuals in an earlier time frame can prove beneficial to the patient [41, 50].

Globally speaking, prevention of PVCAEs should be the preferred approach, and despite
ongoing efforts to improve the current state of affairs, PVCAEs continue to occur, prompt-
ing the need for maintaining awareness and reinforcing provider education in this critical
important area [18]. In a multicenter prospective study of 1498 patients by Cicolini et al.
[51], the authors cited that anatomical site selection and a lack of adherence to in situ PIVC
placement recommended guidelines resulted in increased rates of phlebitis. They concluded
that additional staff education was needed [51]. DeVries et al. reported a 19% reduction in
PIVC-associated bloodstream infections after implementing a fundamental PIVC insertion
and education bundle for bedside nurses that increased staff awareness of proper skin prepa-
ration, aseptic technique, and the importance of the care and maintenance of dressings [52].
Nursing education leaders in another tertiary healthcare setting developed an educational
intervention to improve the recognition and reporting of infiltration and phlebitis on medical-
surgical units, which was identified by the risk management database as a concern. Although
the differences between pre- and post-knowledge scores were not significant (P = 0.21), the
unexpected results of the research served as a catalyst to develop annual PIVC procedural
education to validate competency related to PIVC-related complications [53].

A standardized approach to education and competency assessment across the healthcare
system is recommended. A simulation-based multimodal educational method should be con-
sidered, including self-study and deliberate practice, with objective outcome monitoring and
feedback using well-designed, validated, and reliable checklists [36, 54-56]. After all, it is the
responsibility of the entire healthcare team to monitor for signs and symptoms of PVCAEs
and intervene in a timely and appropriate fashion [30].
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Subsequent paragraphs of this chapter will discuss PVCAEs grouped into “localized” or “sys-
temic” categories.

6. Local PVCAEs

Phlebitis: Phlebitis is an inflammation of the vein and causes pain, swelling, redness, and ten-
derness. It can be caused by various sources like mechanical, chemical, or infective insults to
the vein [2]. The mechanical cause; irritation with cannula rubbing the vein, chemical cause;
medications with a hypertonic or acidic/alkaline solution, or an infective phlebitis; microor-
ganism entering the vein through the puncture site can cause the inflammation [30]. Diagnosis:
It is one of the most talked about complication in the literature [2]. The diagnosis of superficial
phlebitis can be made by physical examination of the site. Redness, warmth, tenderness, and
swelling along the course of the vein can help make the diagnosis, although there are more
than 70 tools used in the literature and none well validated [57]. In certain cases, an ultra-
sound of the affected area is needed to make or ignore the diagnosis. Prevention and treatment:
Most complications are preventable if simple hand hygiene and safe principles are observed
at every point of contact with the patient [2]. According to a recent secondary analysis, the
antecubital fossa is associated with lower phlebitis rates as compared with upper arm and
wrist veins [37]. Another systemic review showed that the antecubital veins had lower rate of
phlebitis as compared to hand veins [58]. The treatment of phlebitis depends on the location,
extent, symptom, and underlying medical conditions. Typically, it should be removed and
documented with the time, date, and reason of removal [59]. Documentation can improve
the staff compliance and help to improve quality of care of the patients with PIVC [60, 61].
Superficial phlebitis can be treated by applying warm compresses, elevation of the involved
extremity, and oral or topical anti-inflammatory medications. External compression with fit-
ted stockings may be beneficial for lower extremity superficial phlebitis. If left untreated,
superficial phlebitis can complicate to local infection and abscess formation, clot formation,
and progression to a deep venous thrombosis and pulmonary embolism. Deep vein thrombo-
sis can further lead to postphlebitic syndrome.

Tissue infiltration and extravasation: Tissue infiltration occurs when the infusate solution is inad-
vertently administered (or leaks out) into the surrounding tissues. It can be caused by improper
placement, dislodgement, or distal puncture/erosion of the catheter and can be associated with
relative movement of the patient and the catheter. Extravasation arises when a solution or
medication is administered and inadvertently leaks into the surrounding tissues, causing tissue
damage. This unintended leakage can be caused by the same reasons as infiltration, including
improper placement or dislodgement of the catheter. Certain sites are more prone to extravasa-
tion injuries like dorsum of the foot, ankle, antecubital fossa, and the areas near joints where
there is little protection for underlying structures [18]. Of interest, extravasations tend to be
more common during night hours and thus may be more likely to go undetected, even in closely
monitored situations. Extravasation is more likely to occur in patients with fragile, mobile,
thrombosed, and difficult to cannulate veins [18]. The degree of subsequent cellular injury is
determined by the volume of the infiltrating solution and physiochemical characteristics, such
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as pH, osmolarity, and dissociability [18]. Diagnosis: The diagnosis of infiltration is usually made
by observing local tissue edema, cool skin with blanching, and decreased (or stopped) flow rate.
The patient usually complains of discomfort, burning, and tightness of the involved extremity/
anatomic location [62]. Comparison to the contralateral limb may help confirm this diagno-
sis. In the case of extravasation, signs and symptoms may be similar to infiltration but will
additionally include burning, irritation, redness, blistering, mottling, ulceration, or permanent
damage like necrosis of the affected tissue. The damage can spread to involve nerves, tendons,
and joints even months after the original insult [18]. It can additionally include disfigurement,
complex regional pain syndrome, and loss of function [63]. Prevention and treatment: Prevention
of infiltration includes the avoidance of PIV placement in the hand, antecubital fossa, and upper
arm, properly securing the catheter and monitoring the IV site frequently [2, 36]. It is important
to check the patient’s pulse and capillary refill [64]. Clinical management includes stopping
the infusion, removing the PIV, elevating the limb, and general measures to alleviate patient
discomfort. It has also been reported that local application of hyaluronidase may help, primarily
through breaking down subcutaneous cellular components and speeding up the reabsorption
of the extravasated fluids [65, 66]. Finally, the original infusion should be restarted at a different
site, with all pertinent interventions documented in the medical record.

Prevention of extravasation includes careful placement of PIV cannula, close monitoring of
active intravenous fluid infusions, flushing the catheter with sterile saline to ensure patency,
and the use of suitable dressings and securements to prevent undue movement [18]. Once
extravasation is recognized, the infusion needs to be stopped and the cannula removed. This
is especially important when the medication/fluid being infused is potentially toxic to local
tissues. Palpable effusion in the subcutaneous tissues may need to be drained, and the limb
should be immobilized and elevated above the level of the heart. Application of cold packs
can provide symptomatic relief. Indications for surgery include full-thickness skin necrosis,
ulceration, and persistent pain [67]. If appropriate treatment is delayed, surgical debridement,
skin grafting, and amputation may be the end result of such an injury [18].

Hemorrhage/hematoma: Hemorrhage is defined as bleeding from the puncture site, while hema-
toma is a localized collection of extravasated blood, usually clotted, within an organ or tissue.
Both hemorrhage and hematoma may be caused by blood leaking out of the vein into the tissue
due to puncture or trauma. The COSMOS study found that PIV catheters based on a compact
closed system were associated with lower rate of hematomas when compared to a mounted
open system [68]. Patients who receive antiplatelet therapy or therapeutic anticoagulation
are especially predisposed to hematoma/ecchymosis formation [69]. Diagnosis: The signs and
symptoms of swelling, tenderness, and reddish discoloration at the site are usually sufficient
to diagnose PIV-related hematoma. Prevention and treatment: The first management step is the
application of appropriate localized pressure until the bleeding stops. This is followed by a
sterile transparent dressing that can prevent hematoma formation or expansion. Proper PIV
insertion, frequent monitoring of the site, and application of pressure after removal of cannula
can help prevent hemorrhage and formation of hematoma. At the same time, patients, provid-
ers, and nurses should be mindful of using extended external compression times at the insertion
site, especially in older patients with impaired skin conditions, as this can lead to further tissue
injury [1]. The majority of PIV-related bleeding and hematomas are fortunately self-limited.
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Nerve injury: When tissue infiltration associated with a PIV catheter affects a nerve coursing
the surrounding tissues, nerve injury can occur. It is also possible for the IV needle to lacerate,
puncture, and potentially injure a nerve. Finally, localized bleeding/hematoma may irritate a
nerve. Diagnosis: Patients may not experience any discomfort in the beginning, but it is pos-
sible for localized numbness or tingling, loss of sensation to pin prick to emerge later on [70,
71]. Nerve injury can range from neurapraxia with complete recovery (minor injury) to neu-
rotmesis with Wallerian degeneration distal to the site of injury (severe injury) [70]. Prevention
and treatment: The avoidance of nerve injury requires good procedural skills and knowledge
of pertinent anatomy. The PIV placing provider should be conscious of venipuncture sites
associated with the greatest risk, including the distal sensory branches of the radial and ulnar
nerves for sites in the dorsal hand, the superficial radial nerve at the cephalic vein of the radial
wrist, the median nerve on the volar aspects of the wrist, the median and anterior interosse-
ous nerves at or above the antecubital fossa, and the lateral and medial antebrachial nerves for
the antecubital fossa [36]. The needle insertion should be as shallow as possible, preferably at
an angle of 5-15° relative to the skin and using the non-dominant arm [71]. Although nerve
injury is rare, the patient should still be aware of this complication and encouraged to inform
the nurse immediately if he or she experiences any strange sensation during PIV placement.
Nerve damage tends to be self-limited, with typical recovery times of a few weeks or months.
Surgical exploration may be required in patients with intractable pain, severe functional loss,
or those without recovery signs within 3-6 months after the initial injury [72-74].

Occlusion: Occlusion is defined as the slowing or cessation of fluid infusion. It can occur due
to the mechanical blockage within the cannula or fibrin deposition in/around the tip of the
cannula. In addition, it may be due to swollen phlebitic veins, or insertion at a point of flex-
ion, both of which may collapse the catheter and prevent flow [75]. There may be a higher
incidence of occlusion associated with insertion in the hand, antecubital fossa, or upper arm,
when compared to forearm placement [2, 37]. 25.6% had failed catheterization due to PIV
occlusions in an analysis from a randomized controlled trial in Australia. The occlusion was
associated with infusions of antibiotics, hydrocortisone, in the setting of concurrent infection,
and the use of subsequent (rather than initial) catheters [37]. In a single-center prospective
study done in Australia, catheter failure due to occlusion/infiltration was reported to be 14%.
In the same study, flucloxacillin, female gender, and 22-gauge PIVs were significant predic-
tors of occlusion [49]. Diagnosis: Occlusion can be diagnosed by the presence of discomfort,
blood within the line, or PIV not running. Prevention and treatment: Actively checking for kinks
and removing nonfunctioning cannulas will help reduce the overall duration of functional
occlusion. Insertion of PIV by a trained specialist may also help reduce the risk of occlusion
[37]. Various methods have been tried to prevent occlusion. In recent randomized trial, the
rate of occlusion was lower with heparin infusion compared to placebo infusion [59].

Dislodgement: Dislodgement can occur when IV catheter was incorrectly secured with stan-
dard medical tape or another adhesive securement device. More frequently, catheters that
are correctly secured become dislocated when more forces are applied upon the catheter than
the securement method was intended to endure. IV dislodgement can lead to an unscheduled
IV restart or more invasive central line. Dislodgement rate has been reported in the range of
3.7-9.9% in a prospective randomized study with a mean of 6.9%. Even a greater rate of 17.5%
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was observed in prospective observational studies [2]. At almost 10% dislodgement rate,
financial dislodgement burden can be tremendous translating to 33 million, if approximately
330 million IV catheters are sold in the USA [76]. Diagnosis: Cannula location is estimated by
the flow of IV fluids and/or IV flushes. To evaluate PIVC fiction or dislodgement, we need to
ask questions like does the IV flush easily and does the IV fluid flow easily? Prevention and
treatment: Transparent and semipermeable polyurethane or sterile gauze and tape dressing
are both recommended [77, 78]. Catheters with stabilization features like wings may help
to secure the catheter due of an additional adhesive dressing contact area [79]. To decrease
catheter movement and increase the adhesive surface area, attaching extension tubing to the
catheter hub may prove beneficial [80]. Effective securement reduces the motion within the
vessel which can in turn minimize the irritation, inflammation, occlusion, and risk of infec-
tion [77, 81]. At the same time, increase in catheter complex bulk may make the catheter more
vulnerable to displacement due to clothing grabbing onto the catheter complex [38].

Venous spasm: Venous spasm is a complication of various minor procedures, including PIV
insertion and arterial line placement [82]. Venous spasm can occur in the presence of cold
IV fluid infusion, drug-related irritation, or trauma to the vein during insertion [82-84].
Diagnosis: The signs and symptoms of pain, blanching at the insertion site, slowing of IV
infusion, and difficulty in palpating the vein can help facilitate the diagnosis. Prevention and
treatment: Applying a warm compress, slowing the infusion rate, and potential application of
a topical vasodilator, in addition to patient reassurance [82, 85] See Table 1.

7. Systemic complications

Air embolism: Air embolism is defined as an unintended venous administration of air through
an intravenous access device or insertion site. It is usually associated with central venous
catheters but can also occur with peripheral intravenous central catheters and less commonly
with short peripheral catheters. The incidence of this complication may be low, but it is poten-
tially fatal, with reported mortality as high as 30% [86]. Clinical signs and symptoms may
vary depending on the patient, rate of infusion, volume of air, and anatomical location [87].
Physiologic injury can be due to associated ischemia, infarction, thrombotic, or inflammatory
response. Diagnosis: Clinical signs and symptoms of air embolism may be nonspecific and not
readily recognizable, yet immediate intervention is critical to adequately address the problem
and prevent/minimize associated harm. Patient may present with sudden onset of dyspnea,
cough, wheezing, chest or shoulder pain, tachypnea, tachycardia, hypotension, and/or neuro-
logical findings of cerebrovascular accidents [86, 88]. Prevention and treatment: For peripherally
inserted catheters, prevention includes the avoidance of air, both primarily and by so-called
“air traps” built into the IV circuit. When placing and removing central venous catheters, the
patient should be placed in Trendelenburg (during catheter removal), followed by supine
(subsequent 20-30 min) position. Prompt diagnosis and focused treatment are mandatory in
cases of air embolism. After stabilizing the patient, immediate evaluation and management
should be instituted [89]. Affected patients should be transferred to intensive care for close
monitoring, with considerations given to hyperbaric oxygen therapy as an adjunct [88].
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Pulmonary edema: Pulmonary edema or fluid overload is caused by excess fluid accumula-
tion in the lungs, due to excessive fluid in the circulatory system [90]. Elderly, pregnant
women, children, infants, and patients with cardiac, pulmonary, or renal disease are at
risk of developing hypervolemia. In the context of IVT, fluid overload usually represents
a combination of errors, from miscalculated IV rate, to inadvertently prolonged infusion,
to lack of diagnostic recognition of early clinical symptoms. Diagnosis: Patients usually
present with restlessness, breathlessness, tachycardia, dyspnea, cyanosis, and pink frothy
sputum. Chest radiography can show typical findings of cephalization, interstitial edema,
pulmonary vein enlargement, hilar fullness, Kerley lines, cardiomegaly, and pleural effu-
sion [91]. Associated findings may include decreased oxygen saturation, increased respira-
tory rate, and pulmonary crackles on auscultation. Finally, increased body weight (e.g.,
“water weight”) may be noted [92]. Prevention and treatment: The diagnosis of acute fluid
overload requires immediate medical attention and treatment. This involves stopping the
infusion, raising the head of the bed, applying oxygen, taking vital signs, complete cardio-
vascular assessment, diuresis when indicated, and appropriate education of the involved
medical providers.

Catheter fragment embolism: Intravascular embolization of catheter fragment is a rare com-
plication that occurs when a small part of the cannula breaks off and flows into the vascular
system [93, 94]. Diagnosis: Symptomatology and diagnostic identification of intravascular
embolization of catheter fragments are variable, largely depending on the location and
size of the object. Most events are completely asymptomatic and only found incidentally
on imaging performed for unrelated reasons [94]. Larger fragments, especially those that
migrate into more central venous and pulmonary circulation, may result in palpitations,
arrhythmias, chest pain, shortness of breath, cough, pain, and/or hypotension [86]. Chest
X-rays may help assess the presence of any fragment. Prevention and treatment: Prevention
starts with a careful inspection of the cannula and more specifically its distal end, to see if
the PIV is structurally intact. Catheters should not be removed against unexpected resis-
tance, which should prompt further investigation (e.g., ultrasound) before proceeding. PIV
devices should be protected from twisting, bending, entanglement, etc. Repairs should
only be done through official channels involving the manufacturer. Each event should
be documented and disclosed to patients and their families, in accordance with existing
guidelines [86].

Infection: Local infection is caused by lack of asepsis at insertion or regrowth of skin bacte-
ria which then enter the PIV site. It can present as purulent drainage from the site; usually
after 2-3 days it takes the body to mount a response after PIV placement. The majority
of serious bloodstream infections are associated with central venous catheters, especially
when catheters are placed emergently or used for prolonged periods of time [59]. For PIV
catheters, the situation is different, since these are placed in less acutely unwell patients
and typically require shorter periods of hospitalization and IVT. Although bacterial coloni-
zation of PIV catheters can increase with dwelling times of more than 72 h, there does not
seem to be an elevated risk of associated phlebitis or infection regardless of whether the
PIC catheter is replaced due to clinical indication or subject to routine replacement between
72 and 96 h [1, 2, 95, 96]. Thus, international guidelines now recommend removal of PIVCs
when treatment is completed or sooner if any complication develops [97, 98]. Despite the
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Peripheral venous catheter adverse events

(PVCAEs)

Local complications

Tissue infiltration and extravasation
Infusate solution leaks out into the surrounding tissue

Diagnosis: detecting local tissue edema, cool skin,
decreased flow rate, and comparison with contralateral
limb

Prevention: avoiding PIV too close to the joint, securing
the catheter, and monitoring site frequently

Hemorrhage/hematoma

Bleeding from puncture site/localized collection of
extravasated blood

Diagnosis: swelling, tenderness, and reddish
discoloration

Prevention: application of pressure after removal of
cannula, usage of sterile transparent dressing

Nerve injury

Due to tissue infiltration, IV needle laceration,
hematoma irritation

Diagnosis: localized numbness or tingling, loss of
sensation to pin prick

Prevention: good knowledge of anatomy, shallow
insertion at 5-15 degrees relative to the skin

Occlusion
Slowing or cessation of fluid infusion

Diagnosis: presence of discomfort, blood within the PV
line, PIV not running

Prevention: check the kinks; remove the nonfunctioning
cannula

Systemic complications

Air embolism
Rare unintended venous administration of air through IV site

Diagnosis: nonspecific sudden onset of dyspnea, cough,
wheezing, tachypnea, and/or neurological signs of CVAs

Prevention: avoidance of air-traps in IV circuit; patient is in
Trendelenburg position followed by supine position during
catheter removal

Pulmonary edema

Fluid overload caused by excess fluid accumulation in the lungs

Diagnosis: breathlessness, tachycardia, dyspnea, cyanosis, pink
frothy sputum, chest radiography, decreased oxygen saturation

Prevention: avoidance of miscalculation IV rate and prolonged
infusion, early recognition of symptoms

Catheter fragment embolism

Small part of the cannula breaks off and flows into the vascular
system

Diagnosis: symptomatology depends on the location,
incidental finding on imaging, chest X-ray

Prevention: careful inspection of cannula; catheters should
not be removed against unexpected resistance; repairs
should only be done by manufacturer

Infection
Purulent discharge from the site after 2-3 days

Diagnosis: presence of purulent discharge, and/or temperature,
blood count, D-dimer

Prevention: hand hygiene, aseptic technique

Dislodgement

Due to more forces applied upon the catheter than the
securement method was intended to endure

Diagnosis: checking the flow of IV fluids or IV flushes

Prevention: effective securement; use of catheters with
wings, extension tubing for movement

Venous spasm

Due to cold IV fluid infusion, drug-related irritation, or
trauma to the vein

Diagnosis: pain, blanching at the site, difficulty in
palpating vein

Prevention: apply warm compress; slow infusion rate

Hypersensitivity
A severe hypersensitivity can be life- threatening

Diagnosis: sudden fever, joint swelling, rash, urticarial,
bronchospasm, wheezing

Prevention: ask about any previous history of allergies, stay
with the patient for five to ten minutes to detect early signs

Intra-arterial placement
Misplacement of PIV due to lack of vigilance

Diagnosis: detection of pulsatile blood, changes in capillary
refill, appearance of ischemia, blood gas analysis, ultrasound

Prevention: recollecting that veins are more superficial than
arteries, immediate removal of PIV after detecting pulsatile
bleeding

Table 1. Local and systemic complications of peripheral venous catheter.
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low occurrence of both local and bloodstream infections involving PIV catheters, severe
infections can still significantly contribute to patient morbidity simply because of the ubiq-
uitous nature of peripheral catheters [59]. Diagnosis: Local infection can be diagnosed by
signs and symptoms of tenderness, swelling, erythema, purulent drainage, temperature,
and appropriate laboratory testing (e.g., comprehensive blood count or D-dimer in cases
of phlebitis) [99]. Of note, lower extremity PIVs are associated with higher incidence of
infections when compared to upper extremity PIVs [100]. Prevention and treatment: To
reduce morbidity and financial burden of PIV-related infections, appropriate education
and multidisciplinary efforts should be implemented. For all PIV catheters, a clean, dry,
intact dressing is recommended because any soilage will facilitate microorganism growth.
Any soilage covered by nontransparent dressings can increase the risk of not detecting
infection [1]. The density of skin flora at the site plays an important role in infection. From
purely procedural perspective, the first and essential parts of the process should involve
removal of the infected PIV cannula and cleansing of the site using sterile technique. Hand
hygiene, clipping of excess hair, skin preparation with alcoholic chlorhexidine solution,
proper aseptic technique, and maximal sterile barriers including cap, mask, sterile gown,
and gloves during insertion can reduce the incidence of infection [59]. During the PIV
insertion process, the antiseptic scrubbing technique also modulates the risk of infection
[76]. Post-insertion, infection prevention is still crucial and is achieved by meticulous atten-
tion to hand hygiene, aseptic preparation of injectates and infusates, needleless connec-
tor decontamination with effective antiseptic, and technique. The insertion site requires
weekly redressing (or sooner if the dressing is compromised), including recleaning of the
insertion site with alcoholic chlorhexidine. Under certain circumstances, such as neutrope-
nic patients, filling and flushing the lumen of the catheter with an antibiotic solution may
provide some prophylactic benefits [59]. A final and very simple way to prevent PIVC-
associated infections is to ensure the PIVC is reviewed daily and documented, and there is
consideration of removal, for example, with the patient moved to oral medication [101] and
vigilance for “idle PIVCs” See Table 1.

8. Special topics

Intra-arterial placement and injection: An intra-arterial misplacement of PIV, including the ini-
tiation of intra-arterial infusion, occurs seldom but is considered a matter of serious concern.
Although the precise number of inadvertent intra-arterial PIV cannulation and subsequent
injection is unknown, the frequency has been estimated to be as low as 1 in 56,000 and as
high as 1 in 3440 [102]. However, the potential consequences of missing the diagnosis can
be devastating. If not promptly recognized, its consequences may include arterial spasm,
distal ischemia, and eventual development of limb-threatening gangrene [103]. Risk factors
associated with unintentional arterial PIV placement include morbid obesity, dark skin, lack
of patient cooperation, significant hypotension, and lack of vigilance [103, 104]. Diagnosis:
Diagnosis can be made by detecting red pulsatile blood, observing changes in capillary refill,
the presence of intense pain, and/or the appearance of distal ischemia. Confirmation is done
by blood gas analysis, pressure transducer placement, and ultrasound [104]. Prevention and
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treatment: Prevention is the most important measure in this setting. Providers must take great
care that the PIV catheter is inserted into a vein, remembering that peripheral veins tend to
be more superficial than arteries. Except for very few clinical circumstances (e.g., catastrophic
hypotension), arterial cannulation will result in readily visible, pulsatile bleeding from the
PIV catheter. In the case of inadvertent intra-arterial injection, it is primarily the intravenous
drug that will be most likely to contribute to subsequent problems, as opposed to the ordinary
intravenous electrolyte solution. Management consists of PIV catheter removal, assurance of
hemostasis, prevention/management of vasospasm, and treatment of any distal complications
See Table 1.

Forgotten tourniquet: Phlebotomy tourniquets are simple devices used to temporarily restrict
venous blood flow, making veins more prominent and easier to see prior to PIV catheter
placement. Some considerations regarding the use of tourniquets include the need for
optimized location of placement (3—4 inches above intended PIV site), avoiding too much
tension to prevent tourniquet from rolling up on itself/twisting and causing discomfort
and releasing the tension within approximately 1 min of application [105]. Fortunately a
rare occurrence, a phlebotomy tourniquet left in place for prolonged periods of time (e.g.,
hours) can result in the development of extremity compartment syndrome—a potentially
limb-threatening condition [106, 107]. Compartment syndrome is a serious injury defined
by an increase in pressure within a fascia-enclosed muscle compartment that results in
compromised circulation leading to nerve damage and muscle necrosis [108]. This can lead
to permanent disability, amputation, or even death from the release of toxic metabolites.
Many of the above findings may not be present until late in the disease process. Thus, early
diagnosis is imperative [109, 110]. A high degree of suspicion is crucial to allow an early
diagnosis. Pain requiring analgesia in the extremity with the PIV should raise awareness
and prompt a thorough examination of the entire extremity. Diagnosis can be especially
challenging in children, intubated and sedated patients, and patients with neurological
compromise or altered mental status. Increased vigilance must occur in these patients. If
compartment syndrome is suspected once a “forgotten tourniquet” event occurs, an urgent
surgical consult should be obtained. To prevent this serious omission and thus improve PS,
appropriate education/training and procedural checklist implementation may be helpful
[111]. Such occurrences, due to the potential for associated patient harm, should be viewed
and treated as sentinel events [112]. In addition to compartment syndrome, this complica-
tion can also lead to the development of deep vein thrombosis in the affected limb [107].
This chapter’s Clinical Vignette was based on a hypothetical scenario involving this rare but
potentially severe occurrence.

9. Discussion

Due to its ubiquitous nature, IVT is associated with significant number of complications,
both in terms of absolute quantity and taxonomy. In a recent survey, approximately one-
third of pediatric patients and one-fourth of adult patients reported experiences involving a
potentially preventable IVT-related complication. As outlined throughout this book series,
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patient safety is a “team sport” [111, 112]. Consequently, active participation of all stakehold-
ers is required to optimize patient outcomes. This involves active involvement of all those
who directly or indirectly participate in IVT —providers, patients, and families. Our Clinical
Vignette demonstrates the dangers inherently associated with increasingly complex systems,
where transitions of care occur frequently and where several different teams care for the same
patient over a period of just several hours. In such environments, even the smallest mistake
can result in catastrophic sequelae.

In this chapter, we outlined key considerations around two primary types of PVCAEs—local
and systemic. We also discussed intra-arterial PIV catheter placement and the rare but dev-
astating scenario involving the “forgotten tourniquet.” Each topic was presented in a clini-
cally relevant fashion, incorporating a brief description, diagnosis, management, and finally
prevention. Clinical approach to preventing PVCAESs is multipronged and includes a broad
variety of considerations, such as checklists, knowledge of procedures and equipment, proper
sterile technique, and the maintenance of appropriate PIV site cleanliness. Providers must
also be aware of subtle clinical signs of PVCAEs, including PIV site erythema, IVT-related
tissue injury, manifestations of air embolization, and signs of PIV catheter occlusion [2, 113].
In addition, each of the sections outlined specific strategies to prevent PVCAEs and PIV
catheter failure. With growing numbers of patients needing vascular access for a range IVTs,
providers need to show an understanding of the broad range of vascular access devices and
corresponding clinical management aspects, including specific indications for various device
types. Finally, providers need to be aware of patient needs, preferences, and concerns. After
all, for many patients it is not the procedure that is of maximum concern but rather the clini-
cian’s communication skills, competence, and appropriate selection of PIV insertion site [114].
Patients and their families may be greatly untapped allies in preventing, monitoring, and
reporting adverse events [101].

10. Conclusion

In summary, PVCAEs continue to be quite common and can lead to substantial patient discom-
fort, unnecessary or prolonged hospitalization, increased costs, and additional downstream
morbidity. To improve patient outcomes, enhance patient safety, and reduce healthcare costs,
there has been a substantial interest to implement measures aimed at reducing the incidence
of PVCAEs [2]. Efforts to prevent PVCAEs should involve thorough provider education, clini-
cal vigilance by all involved healthcare providers, as well as the proactive participation of all
stakeholders, including patients and their families.
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Abstract

Healthcare organizations strive to provide optimal patient experience by improving care
quality and enhancing clinical outcomes, while containing associated costs. In the United
States, the Center for Disease Control (CDC) estimates that more than 1.7 million people
suffer from an infectious complication annually, representing between 5 and 10% of all hos-
pital admissions and costs ranging between $35B and $88B. Most infectious surface fomites
originate from air. Consequently, reducing airborne pathogens should be associated with
reduced surface fomites. This study represents the first comprehensive evaluation of infec-
tious and aerosolized pathogens and their speciation, location and concentration within a
typical hospital setting. The study provides data regarding the relationship between air-
borne pathogens and air filtration methodologies in the context of the molecular and micro-
bial epidemiology of illness and infections in the clinical setting. The results demonstrated
that using a transformational air purification system provided comprehensive remediation
of airborne pathogens and significantly reduced surface-oriented infectious fomites. Overall
reduction of airborne and surface bacterial and fungal pathogens responsible for illness
and infections will result in a reduction of associated illnesses and HAI rates and improved
patient care metrics including stay duration and readmission rates. Improvements in these
outcome metrics should correlate to risk mitigation and cost avoidance.
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1. Introduction

In the United States, the Center for Disease Control and Prevention (CDC) estimated that more
than 1.7 million people suffer from an infectious complication within the hospital environment
annually, representing between 5 and 10% of all admissions [1]. Approximately 99,000 patients
afflicted with hospital-acquired infections (HAIs) die each year [2]. The number of estimated
patients with an HAI exceeds that of any required reportable disease in the United States, and the
number of deaths attributed to HAIs exceeds many of the top ten leading causes of death reported
from the US vital statistics [1]. Moreover, the above estimates likely under-represent the true mag-
nitude of the problem due to erroneous reporting and biases inherent to voluntarily reported data.

Apart from the morbidity and mortality associated with HAISs, the estimated healthcare costs
range between $35B and $88B annually [3]. The most recent Pennsylvania Healthcare Cost
Containment Counsel (PHC4) Report indicated that hospitals and Medicare spent approxi-
mately $3B and $400 M, respectively, toward statewide care of patients affected by HAIs
during the reporting year of 2010 [4].

The Centers for Medicare and Medicaid Services (CMS) announced in August 2007 that
Medicare would no longer cover additional costs associated with many preventable errors,
including those considered “never events” [5]. The list of events that should never occur in the
healthcare setting has now been expanded to encompass 29 unique serious reportable events.
HAIs represent one of the 29 unique “never events” that are no longer reimbursable and may
even result in further economic penalties [6, 7].

It is estimated that full societal costs associated with HAIs arising in US acute care hospitals
amount to approximately $96-$147 billion annually [8]. The corresponding per-hospitalization
incremental cost ranges between $17,070 and $32,176 [8]. Consequently, it can be reason-
ably extrapolated that a three-room surgical suite, performing 1,000 annual surgeries with a
reported 4% infection rate, would realize a cost avoidance savings of between $171,000 and
$322,000 per year specific to the surgical suite with only a 1% decline in HAI rates.

Historically, it has been understood that the patient, the healthcare worker, and various
surface areas collectively constitute the primary repositories of pathogens responsible for
majority of HAIs [9]. To that end, infection control protocols, in-room sterilization techniques,
patient preparation, and hand-washing protocols have been implemented in most hospitals
and have been helpful in reducing overall HAI rates [10]. Moreover, recent literature sug-
gests that a significant proportion of pathogens responsible for HAIs are airborne [11]. The
Aire~HCX™ (LifeAire Systems, Allentown, Pennsylvania) [12] was specifically designed to
comprehensively address these airborne pathogens (AP) as they are inherently generated
during routine clinical operations. In environments where Aire~HCX™ is employed, infec-
tious APs are remediated in both the supply and return air before entering the clinical space.

The LifeAire Systems’ advanced air purification technology (LAS-APS) exceeds the limitations
associated with commonly utilized mechanisms of air filtration [13]. Many in-room steriliza-
tion technologies require that the clinical space be vacated before use, leading to temporary
loss of functional space. The in-room approaches also provide a “static” clean at the exact time
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of use [14, 15]. Reentry of patients and healthcare workers and the initiation of clinical pro-
cesses inherently serve as a source of rapid re-establishment of pathogen populations [16-18].
Unlike the “static” clean model of many of the in-room units, the LAS-APS provides real-time
remediation of APs as they are generated during clinical operation. In addition, unlike the
“capture” model of the commonly used HEPA filters, the LAS-APS uses a “kill” model and is
mathematically and genomically modeled to destroy the DNA and RNA of all bacteria and
viruses such that they are rendered noninfectious. HEPA filtration is based upon the capture
of viable biological particulates, allowing the spores to grow and proliferate above the space
being protected. Air flowing over the spores can disturb and dislodge them such that they
enter the clinical space [19]. The “kill” mechanisms incorporated into the LifeAire Systems’
technology eliminate these possibilities.

LifeAire Systems’ Aire~HCX™ purification unit is installed within the healthcare facility’s
heating ventilation and air conditioning (HVAC) ductwork. The system is designed to deliver
ultrapure, contaminant-free air to any clinical environment. Based on over a decade of research,
development, and testing, the Aire~HCX™ system has been tested and proven to deliver air
that is 99.99% free of any contaminants, with an associated air purity guarantee [12, 13]. In
essence, the LAS-APS was designed to remove all airborne biological pathogens and thus
enhance patient safety of the intended healthcare environment by reducing HAI incidence rates,
as exemplified by the current collaborative effort between LifeAire and St. Luke’s University
Health Network (SLUHN). With 69-80% of the pathogens responsible for HAIs being airborne
at some point, aggressive remediation of all airborne pathogens will provide for improved
patient care and outcomes while reducing the financial burden associated with HAISs.

2. Genesis of LAS-APS air filtration paradigm

With more than a decade of clinical research into the critical role of ambient air quality, the
principal investigator (KCW) designed, tested, and patented their transformational air purifi-
cation technology [12, 13]. This work revealed that one of the key factors impacting successful
clinical outcomes was that of the ambient air. Current standards and guidelines as stated
are inadequate to provide ambient air optimal for the clinical and patient setting. The clini-
cal environment is impacted by events both external and internal to the space in question.
The research highlighted the significant contribution made by patients, healthcare workers,
and various clinical processes [20]. External environmental events, even those outside of the
immediate proximity of a clinical space, were also found to greatly impact positive outcomes
[21-28]. By removing airborne chemical and biological pathogens to below-detection levels,
the LAS-APS provides unprecedented control over air quality and significant positive impact
on clinical outcomes [25-28].

The LAS-APS provides extremely high levels of filtration as it was designed to kill the anthrax
spore (e.g., the most difficult biological pathogen to kill) [29]. The technology used in LAS-APS-
patented technology has been tested by the National Homeland Security Research Center and
by other third parties. Results indicate that the system renders a broad spectrum of pathogens
inert and that it virtually eliminates threatening biological pathogens and volatile organic
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chemicals from the air—to a level of effectiveness not previously commercially available.
Because of its effectiveness toward Bacillus anthracis, the LifeAire Systems is able to reme-
diate airborne pathogens such as Clostridium difficile, Aspergillus, Streptococcus, Pseudomonas,
Staphylococcus (including methicillin-resistant variety), smallpox virus, Mycobacterium tuber-
culosis, influenza virus, etc., each representing a consistent threat to both the hospital environ-
ment and rates of HAIs [unpublished data].

3. Materials and methods

The design of the current study includes three zones within two medical surgical floors of
a SLUHN Allentown hospital campus. The three geographic zones (Figures 1-3) include
a control floor with air handling unit (CF-AHU) HEPA-filtration remediation, a zone with
mixed AHU-HEPA and LifeAire remediation (MIXED) with recirculated air, and a zone with
comprehensive LifeAire Systems Air Remediation (LSAR). Within each of these zones, two
occupied and active patient rooms were selected for air quality testing. Each of the two rooms
was comprehensively evaluated per zone. The patient rooms were chosen such that the effects
of elevators/entrances/exits as well as zone barriers would be minimized. Rooms were further
chosen to optimize direct comparisons of resulting data. Table 1 illustrates the zones and
rooms evaluated during the study.

During each testing event, one of the two rooms listed were chosen for the complete suite of
particulate, biological, and volatile organic compound (VOC) testing. For this study, the two
rooms in each zone were considered equivalent. For each specific testing event, room preference
was for patient occupancy, followed by consistency within each room between measurements.

Figure 1. Schematic representing the CF-AHU on the control floor.
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Each of the rooms underwent comprehensive evaluation for airborne and surface viable bac-
terial, fungal, and VOC loads. Three commonly touched patient surfaces and two commonly
touched clinical surfaces were evaluated per testing assay (Tables 2 and 3). In addition, the
final diffuser providing supply air to the patient room and the return vents were swabbed for
viable bacteria and fungi (Table 4).

Figure 2. Schematic representing LSAR and MIXED zones, respectively.

Figure 3. Schematic representation of HVAC layout of the MIXED and LSAR zones.
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3.1. Testing assay: viable bacteria by air

Air testing was completed using the third-party laboratories, EMSL, and Galson Laboratories
under their proprietary method MICRO-SOP-132 [30, 31]. Following the standard operating pro-
cedures (SOPs) provided by the third-party laboratories and using a Viable Andersen Cascade
Impactor and calibrated pump, samples were gathered for 5 minutes at 28 liters per minute onto
a soy agar plate. The five most concentrated species were then identified and quantified.

3.2. Testing assay: viable bacteria by swab

Surface testing was conducted following all SOPs of the third-party laboratories. Using
a sterile swab, an area measuring 2-by-2 inch was sampled in each location with a smooth
back-and-forth motion while rolling the swab for 10 seconds. The swab was then capped and
sent to the third-party laboratory for testing under method MICRO-SOP-132 [30]. The most
prominent five types of bacteria were identified and quantified.

Zone HVAC design

CF-AHU AHU-HEPA remediation

MIXED AHU-HEPA and LifeAire systems remediation
LSAR LifeAire systems air remediation

Table 1. HVAC design by study zone.

Bedside table (directly in front of patient)
IV support pole/IV support pole

Patient remote control—number buttons

Table 2. Patient surface sampling sites.

IV control faceplate

Pressure cuff bulb

Table 3. Clinical surface sampling sites.

HVAC room diffuser

HVAC room return

Table 4. HVAC surface sampling sites.
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3.3. Testing assay: viable fungi by air

Air testing was completed using a third-party laboratory under their proprietary method
MICRO-50P-202 [30]. Following the SOPs provided by the third-party laboratories and using
a Viable Andersen Cascade Impactor and calibrated pump, samples were gathered for 5 min-
utes at 28 liters per minute onto a MEA agar plate. The five most concentrated species were
identified and quantified.

3.4. Testing assay: viable fungi by swab

Surface testing was conducted following applicable SOPs of the third-party laboratories.
Using a sterile swab, an area measuring 2-by-2 inches was sampled in each location with
a smooth back-and-forth motion while rolling the swab for 10 seconds. The swab was then
capped and sent to the third-party laboratory for testing under method MICRO-SOP-202 [30].
The five most prominent species of viable fungi were identified and quantified.

3.5. Testing assay: volatile organic compounds (VOC) testing

The measured VOC load of each room was determined using the methodology described in
EPA TO-15 [32]. Using an evacuated container, air was captured for 15 minutes. The TO-15
assay determines VOCs in air collected using specially prepared stainless steel canisters and
subsequently analyzed by gas chromatography/mass spectrometry (GC/MS). Due to the live
hospital setting and available locations to place the testing cylinder, longer sampling times
were considered but not employed due to the risk of sample tampering by unmonitored
patients, visitors, and clinical staff.

3.6. Testing assay: nonviable particulate testing

Particulate testing was conducted using a modified NIOSH 0500 method [33]. Sampling was
conducted for 5 minutes at each testing site. The environmental testing was completed each
month with sampling beginning in the morning and progressing through early afternoon.
Clinical, housekeeping, operational staff and patients were blinded to both the study and zone
locations to minimize any biases associated with behaviors or perceptions. Cleaning SOPs,
patient care operations, patient appointment schedules, visitation, patient dining, and all oper-
ations of the floor remained unchanged. Sampling occurred during normal visitations, staff
consultations, and meals to allow data acquisition and flow to simulate full hospital operations.

4. Results

The overall study results are presented in Figure 4 and in Tables 5-7. All data were provided
by independent third-party laboratories after sampling the air and designated surfaces in each
patient room associated with the specific study zone, as outlined in the methodology section.
A comprehensive environmental assessment of viable bacterial, fungal, and VOC pathogens
was conducted each month and repeated a total of 4 times between March and July of 2018.
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Figure 4. Results for viable airborne and surface bacteria and fungi and VOC load in each zone (CF-AHU, MIXED, and
LSAR). Legend: AHU, air handling unit; VFBA, viable fungi by air (CFU/m®); VEBS, viable fungi by swab (CFU/in%;
VBBA, viable bacteria by air (CFU/m?); VBBS, viable bacteria by swab (CFU/in?); VOCs, volatile organic compounds

(ppb); PT, particulates (mg/m?®).

Zone VFBA VFBS VBBA VBBS
CF-AHU  Aspergillus Aspergillus Micrococcus luteus Micrococcus lylae
Cladosporium  Cladosporium Staphylococcus spp.: capitis, Staphylococcus spp.: capitis,
(remote, return)  epidermidis, haemolyticus, haemolyticus (remote, return),
saprophyticus hominis, saprophyticus (return)
Gram-negative rod Gram-negative rod (return)
Bacillus spp.: clausii, licheniformis Gram-positive cocci (remote,
return)
Dermabacter hominis
Kocuria palustris
MIXED  Yeast Rhodotorula Staphylococcus haemolyticus Nil
(return)

Bacillus licheniformis
Dietzia cinnamea

Streptococcus anginosus
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Zone VFBA

VEBS VBBA

VBBS

LSAR Nil

Nil Nil

Staphylococcus spp.: capitis

(patient remote), epidermidis
(faceplate)

Corynebacterium (patient
remote)

Table 5. Identification of viable bacteria and fungi by air and on surface within the three study zones (CE-AHU, MIXED,

and LSAR).
Pathogen Association with patient illness Location within clinical
space
Aspergillus Associated with pulmonary infections, infections to skin lesions  Circulating air in patient
room
Patient remote
HVAC Return
Cladosporium Associated with infections to skin, sinuses, and lungs; significant ~ Circulating air in patient
allergens impacting asthmatics and patients with respiratory room
diseases; spores produce toxic VOCs
Patient Remote
HVAC Return
Staphylococcus Associated with urinary tract infections Circulating air
saprophyticus in patient room
Return
Staphylococcus Skin flora and low association with HAIs Circulating air in patient
epidermidis room

Staphylococcus capitis

Micrococcus luteus

Staphylococcus
haemolyticus

Bacillus clausii

Bacillus licheniformis

Dermabacter hominis

Natural skin flora often associated with infections caused by
catheters and aortic valves

Source is typically patient-oriented, mouth, mucosae, oropharynx,
and upper respiratory tract, often associated with ill patients

Antibiotic resistant and associated with skin flora

Associated with respiratory infections and GI disorders, produces
antimicrobial substances active against Staphylococcus aureus, C.
difficile, and Enterococcus faecium

Associated with soil and bird plumage

Associated with wound infections, abscesses, and positive blood
cultures

Circulating air in patient
room

Patient Remote
HVAC Return

Circulating air in patient
room

Circulating air in patient
room

Patient Remote

HVAC Return
Circulating air in patient
room

Circulating air in patient
room

Circulating air in patient
room
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Pathogen Association with patient illness Location within clinical
space

Kocuria palustris Pathogen responsible for UTIs Circulating air in patient
room

Gram-positive cocci  Staphylococcus aureus and Streptococcus pyogenes are two of Patient Remote

the most common causes of hospital-acquired pneumonia,

septicemia, folliculitis, and surgical site infections HVAC Return
Gram-negative rods ~ Associated with E. coli, Salmonella, Shigella, Pseudomonas, severe Circulating air in patient
Gl illness room
HVAC Return
Micrococcus lylae Associated with skin flora, opportunistic pathogen in HVAC Return
immunocompromised patients
Staphylococcus hominis  Associated with infections in immunocompromised patients HVAC Return
Table 6. Pathogen characteristics of zone CF-AHU (the control zone).
Pathogen Association with patient illness Location within clinical
space
Yeast Associated with pulmonary infections and skin lesion Circulating air in
infections patient room
Rhodotorula Common clinical contaminant associated with soil and water = HVAC Return
Staphylococcus haemolyticus  Antibiotic resistant and associated with skin flora Circulating air in

patient room

Bacillus licheniformis Associated with soil and bird plumage Circulating air in
patient room

Dietzia cinnamea Associated with catheter and orthopedic prosthesis- Circulating air in
associated infections in immunocompromised patients patient room

Streptococcus anginosus Common cause of abscesses, abdominal and thoracic Circulating air in
infections, endocarditis, and bacteremia patient room

Table 7. Pathogen characteristics of MIXED zone-partial remediation (CF-AHU and 35% LSAR).

Pathogen Association with patient illness Location within clinical
space

Staphylococcus epidermidis Skin flora and low association with HAIs IV control faceplate

Corynebacterium Normal skin flora, low association with infections, Patient Remote

prosthetic devices

Staphylococcus capitis Natural skin flora often associated with infections caused ~ Patient Remote
by catheters and aortic valves

Table 8. Pathogen characteristics of LSAR zone patient rooms.
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There were 3100 ppb VOCs and <8.3 mg/cubic meter of nonviable particulates in CF-AHU
Zone (Table 6).

There were no viable bacteria by swab, 2350 ppb VOCs, and <8.3 mg/cubic meter of nonviable
particulates in the MIXED Zone (Table 7).

Finally, there were no viable bacteria by air, no viable bacteria by swab, no viable fungi by air,
1300 ppb VOCs, and < 8.3 mg/cubic meter of nonviable particulates in LSAR Zone (Table 8).
The reduction in VOCs is due to the remediation of viable fungal spores and their concomitant
production of fungal VOCs. As there was a HEPA filter in place on the serving air handling
unit, all air was HEPA-filtered. This was confirmed by the nonviable particulate assessment
of <8.3 mg/cubic meter in all study zones.

5. Discussion

Often neglected, indoor air quality is an important component of ensuring healthy and
safe environment across various healthcare facilities [34]. It is well established that there
exists “strong and sufficient evidence” of the association between ventilation, air move-
ments in buildings, and the transmission of bacterial, fungal, and viral infectious diseases
[35]. Consequently, the need for high efficiency/reliable air filtration becomes a necessity,
especially in critical environments such as acute care wards, critical care units, isolation
units, and operating rooms [36-38]. The current project highlights the importance of an
integrated system, such as the LAS-APS, in the modern healthcare environment. The sub-
sequent discussion will synthesize our study’s results in the context of acute care hospital
setting.

Perhaps most importantly, we noted a substantial decrease in air contaminants across all mea-
surement categories. As the degree of air remediation increased from CF-AHU Zone or the con-
trol floor to comprehensive coverage in the patient rooms in LSAR Zone, a significant decrease
in airborne bacterial, fungal, and VOC load was observed. The decrease in both bacterial and
fungal loads within the air was concomitant with a significant decrease observed on commonly
touched clinical and patient surfaces. Within the control zone, many of the pathogens identified
in air samples from patient rooms were also found on commonly touched patient surfaces and
on the return vents of the room. This data provides a significant contribution to our under-
standing of the airflow and path of aerosolized pathogens within the typical clinical space.

Previously published data show a strong relationship between the presence of airborne fun-
gal spores and air quality in the hospital setting [39]. As part of the current study, viable fungi
species of Aspergillus and Cladosporium were speciated and quantitated within the control
zone patient rooms. Our results demonstrate a substantial decrease in fungal spore detection
rates when using LAS-APS technology, as compared to the other approaches.

The presence of bacteria, both in the air and on various surfaces, has been shown to be
deleterious to healthcare outcomes [40, 41]. In addition to the fungal species, viable bacterial
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species were also identified within the patient rooms of the control zone. Staphylococcus sap-
rophyticus, Staphylococcus epidermidis, Staphylococcus capitis, Micrococcus luteus, Staphylococcus
haemolyticus, Bacillus clausii, Bacillus licheniformis, Dermabacter hominis, Kocuria palustris,
Gram-positive cocci, Gram-negative rods, Micrococcus lylae, and Staphylococcus hominis were
found in both the recirculating air of the patient room and on the patient remote and HVAC
return. Many of the aerosolized pathogens found within the recirculating air were found
on the HVAC return vents. Presence of these pathogens on the return vents confirms their
aerosolized nature and threat to the clinical spaces also served by the recirculated air. With
the exception of Bacillus licheniformis, each of these pathogens is associated with patient ill-
ness and infections. The sources of the above airborne pathogens are most likely the patients,
visitors, and healthcare workers [42, 43].

It is also important to note that patient rooms in the MIXED Zone received approximately
35% of their recirculated air from the rooms from the LSAR Zone and thus benefited from
the installed LAS-APS filtration capacity. The zone also served as an “internal control” as
it was located on same the floor as LSAR Zone. Viable yeast was found in the circulating
air of the patient rooms in LSAR Zone, and viable Rhodotorula was found on the HVAC
return vent. Although at a significantly reduced level from that observed in CF-AHU
Zone, viable bacteria were identified within the air of the patient rooms of MIXED Zone.
Staphylococcus haemolyticus, Dietzia cinnamea, and Streptococcus anginosus, each a potential
source of patient illness and infection, were identified in the patient rooms of MIXED
Zone. Bacillus licheniformis was also identified but is not associated as a source of patient
illness or infection. Interestingly, there were no viable bacteria found on the surfaces
swabbed in MIXED Zone. VOCs were reduced over that assessed in CF-AHU Zone. The
reduction of viable fungi in MIXED Zone corresponded to the simultaneous reduction in
fungal VOC sources.

The patient rooms in LSAR Zone received all of their supply and recirculated air from the
LAS-APS installation. There were no viable fungi by air or swab detected in the patient
rooms in LSAR Zone. Likewise, there were no viable bacteria by air detected in the patient
rooms in LSAR Zone. Low levels of Staphylococcus epidermidis were found on the IV control
faceplate, and Corynebacterium and Staphylococcus capitis were found on the patient remote.
Because no viable bacteria were identified within the air of the patient rooms in LSAR
Zone, the surface bacteria identified on the patient remote and IV control faceplate were
most likely due to direct surface-to-surface contact. The lowest levels of VOCs were found
in the patient rooms of LSAR Zone as these rooms demonstrated no viable fungi in the
circulating air.

The vast majority of infectious surface fomites originate from the air and may be directed
onto surfaces by air flow generated by in-room fans and air conditioning systems [44—46].
Consequently, a reduction in airborne bacterial and fungal pathogens should be associated
with a reduction in surface fomites [44, 47]. Overall reduction of airborne and surface bacte-
rial and fungal pathogens responsible for patient illness and infections should result in a
reduction of associated illnesses, HAI rates, and improved metrics of patient care inclusive
of, but not limited to, length of stay and readmission rates. Improvements in these outcome
metrics should, by association, correlate to risk mitigation and cost avoidance.
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It is important to note that the current, preliminary study represents the first comprehen-
sive evaluation of infectious and aerosolized pathogens and their speciation, location, and
concentration within a typical hospital setting. The study provides important data regarding
the complex relationship between airborne pathogens and air filtration methodologies in the
context of the molecular and microbial epidemiology of illness and infections in the clinical
setting. A greater understanding of the role of airborne pathogens in illness in the clinical
setting will help facilitate the identification of proper and more optimal levels of remediation.

6. Summary

In the modern healthcare environment, organizations strive to provide optimal patient expe-
rience by improving the quality of patient care, enhancing clinical outcomes, while at the
same time containing associated costs. Rarely is there an opportunity to utilize technology
that positively impacts quality and cost of hospital care without a detrimental “trade off” or
major changes in existing behaviors or protocols. We hypothesized that LAS-APS implemen-
tation within the SLUHN facility will lead to notable enhancements in air quality across areas
serviced by this air filtration/purification system. The current study clearly demonstrates a
significant reduction across all forms of air contamination following the installation of LAS-
APS. These results represent an important milestone for further research in this critical and
often neglected area of healthcare facility operations and maintenance.
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Medical errors contribute significantly to morbidity and mortality across our healthcare
institutions. Due to the increasing complexity of the modern medical practice, a
perfect storm of regulatory, market, social, and technical factors, and other competing
priorities, created an environment that is primed for patient safety lapses. The spectrum
of contributing variables—ranging from minor errors that subsequently escalate,
poor communication, and protocol/process non-compliance (just to name a few)—is
extensive and solutions are only recently being described. As such, there is a growing
body of research and experiences that can help provide an organized framework—based
on best practices and evidence-based medical principles—for healthcare organizations to
develop, implement, and embrace.

Based on the tremendous interest in the initial three volumes of our Vignettes in Patient
Safety series, this fourth volume follows a similar model of outlining a patient safety
case based on experiences that many clinicians can relate to, and then discusses various
factors that may have contributed to a medical error, complication, and/or poor outcome.
Building on a problem-based clinical vignette, each chapter then outlines an evidence-
based approach to present any related literature, pertinent evidence, and potential
contributing factors and solutions to common patient safety occurrences. By focusing on
some of the best practices, structured experiences, and objective approaches to medical
error genesis, the authors and editors hopefully can lend some insights into how we can
make healthcare encounters for all patients, across all settings, better and safer.
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