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Evidence-based practice (EBP) is widely considered the foundation of qual-
ity health care practice. EBP is no longer just a buzzword but a requirement 
that clinical practice is based on scientific evidence. As health care profes-
sionals, we have a duty to be concerned that we are achieving the best patient 
outcomes from our interventions and that those interventions, protocols, and 
policies are based on scientific evidence and best practices.

It was these very concerns that led to the development of the Johns Hopkins 
Nursing EBP Model and Guidelines that has driven nursing practice across 
all specialties at the Johns Hopkins Medical Institutions for the last 15 years. 
The JHNEBP Model defines EBP as a problem-solving approach to clinical 
decision-making within a health care organization that integrates the best 
available scientific evidence with the best available experiential (patient and 
practitioner) evidence, considers internal and external influences on practice, 
and encourages critical thinking in the judicious application of such evidence 
to care of the individual patient, patient population, or system [1].

The goals of EBP are to assure the highest quality of care by using evi-
dence to promote optimal outcomes and to create a culture of critical think-
ing, ongoing learning, and a spirit of inquiry for clinical decision-making. 
The benefits of implementing the latest clinical evidence in practice are over-
whelming for providers and make sense for so many reasons. Evidence-based 
interventions are more likely to produce positive results and hence improve 
patient outcomes. They very often eliminate ineffective practices that have 
become obsolete but are used by clinicians because “that is the way we have 
always done it.” Instead, using EBPs can differentiate your practice and your 
organization as a high quality provider, and consumers are looking for those 
providers. The current focus on value-based reimbursement demands that 
providers use EBP as the Medicare program and many state quality improve-
ment agencies are incorporating EBPs into their reimbursement mechanisms. 
And, they are making the data public that support those differentiated reim-
bursement methods.

What does this mean for radiology nursing? First, this book makes an 
important contribution by presenting a strong evidence base for radiology 
nursing practice. The focus on clinical effectiveness, efficiency, cost-effec-
tiveness, safety, and quality is evident throughout. Radiology nursing involves 
critical skills in assessment and monitoring. The availability and use of evi-
dence-based checklists and assessment tools to measure a variety of patient 
outcomes have become essential to quality care. In addition, accepted scien-
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tific evidence used in general nursing practice, such as turning schedules to 
prevent the development of pressure sores, requires the radiology nurse to use 
the evidence and their assessment skills to determine their patient’s needs 
based on the individual’s risk for skin breakdown. There are many topics 
relevant to radiology nursing that need to be addressed. What about safe 
injection of contrast media or extravasation of contrast media? What is the 
latest evidence, the strength of that evidence, and how will you use it in your 
practice? Finally, radiology nursing deals with advanced technology and the 
ongoing acquisition of new technology that requires the development of and 
dissemination of new scientific knowledge to accompany the new practice. 
This creates many challenges to develop and maintain an EBP when health 
care delivery is constantly and rapidly changing. However, the opportunities 
to contribute in your specialty abound! Be that change leader who questions 
practice, discusses concerns with other members of the team, and is an early 
adopter who searches for evidence that will contribute to the delivery of bet-
ter health care and improve patient outcomes.

Kathleen M. White, PhD, RN, NEA-BC, FAAN 
Johns Hopkins School of Nursing

Baltimore, MD, USA
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It is a privilege to be able to introduce this new book which is specifically 
designed to meet the needs of the advanced practice provider and manager in 
the radiology setting and will be a useful resource to any nurse regardless of 
area or location of practice. It is a first of its kind in the radiology nursing 
literature. Historical and current influences have molded today’s practice in 
radiology. Radiology is synonymous with change, and practitioners in this 
environment need to be open to new technology, procedures, and outside 
influences on all the modalities as radiology is constantly evolving and 
advancing. This book will enable the nurse to be informed.

This book is divided into sections that include roles, clinical issues, safety 
topics, topics of importance to the patient, and professional topics that are 
essential to the changing imaging environment. The breath of the authors’ 
knowledge and abilities is a very positive aspect of this book; readers will 
learn from experts in their respective areas as relevant information is pre-
sented that will influence the nursing process. The emphasis on topics in 
addition to the clinical practice topics, including the patient’s perspective and 
professional and system concerns, makes this book unique as a source for 
information.

The editor of this text has shown professional nursing leadership through 
advancing the literature for radiology professionals. With the knowledge and 
skills discussed in this book, the practitioner and manager will be better able 
to lead a highly functional and cohesive team and cope with changes that 
occur. Nurses can then be the change agents that are needed to improve qual-
ity radiology nursing care to all patients in a variety of settings.
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No nursing specialty has piqued my interest as much as radiology nursing 
because of its relative newness as a nursing specialty and evolving nature but 
mostly because of the demands it places on the nurse. It is very challenging 
to be a radiology nurse. I once said that working in radiology was like “prac-
ticing in a sea of contrast media: the environment is fluid, the situations can 
be ‘sticky,’ and all actions and reactions are highly visible” [1].

Radiology nurses do not have the advantage of a specific academic career 
path for radiology nursing but use combined education and past experiences 
such as critical care and emergency or peri-anesthesia nursing to guide qual-
ity patient care. The nurse must be very curious and able to absorb new infor-
mation quickly. Continuous on-the-job learning is an important part of 
working in the radiology department. This factor is highly variable based on 
the setting and mentor, if one is available. In addition to the nuances of all the 
procedure-related care, radiology nurses need to learn the language of radiol-
ogy, understand principles of radiation safety, understand the chemistry and 
physiological effects of the contrast media or isotopes that are used, and be 
aware of new occupational hazards, all largely foreign to nurses prior to entry 
into the department. Conceptually, the radiology department is organized and 
run differently than traditional hospital departments where nurses have past 
experience. Radiology nurses interact with patients of all ages who have a 
vast array of problems for which they need diagnostic tests or interventions in 
a variety of imaging modalities.

A developing nursing specialty faces many growing pains, not the least of 
which is the development of a specialized knowledge base and available lit-
erature resources. Radiology nursing is further challenged by the rapid growth 
in imaging and introduction of new diagnostic imaging examinations and 
therapeutic procedures which the nurse needs to understand to be able to 
provide safe and effective patient care. The nurse’s critical thinking skills are 
constantly challenged. Although the radiology nurse’s practice may be very 
autonomous, being a member of the team is also an important aspect of being 
a radiology nurse. The two features are not mutually exclusive. Good com-
munication skills and interdisciplinary collaboration are important attributes 
for the nurse working as part of the skilled radiology team. Involvement in 
coordination of care, whether within a hospital system or with outside agen-
cies, is increasingly needed as patient acuity is higher. This is not likely to 
change. Radiology nurses also function as educators, researchers, and 
resources to others in and outside the department.
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Radiology nursing is also affected by challenges that face all specialties in 
health care. Regulatory influences change, cybersecurity threats to patient 
care and welfare  take place, new legal and ethical issues arise and healthcare 
insurance companies exert power on patient care. Radiology nurses do impact 
patient care outcomes and the ability to demonstrate that is essential to the 
influence nurses can have on quality. Radiology nurses are leaders in the 
department and can bring about positive changes by role modeling and proac-
tive leadership. Radiology nurses are in an excellent position to be spokes-
people for services offered within the radiology department and to promote 
new less invasive procedures to providers in many medical specialties. 
Engaging in research to demonstrate better outcomes is another role which 
the nurse can fulfill.

The nursing advanced practice provider and radiology nurse manager need 
a text which addresses topics of unique interest to them. The expert authors 
who have written in this text speak to this audience, as well as, to all radiology 
nurses, even those who might just be starting in the radiology department. 
Reading many chapters will make the reader feel as if a colleague is speaking 
with them about issues or concerns. Other chapters are more tutorial in nature, 
laying out new information. Areas where radiology nursing needs some work 
are discussed candidly. It is important that we can look critically at our spe-
cialty and identify needs and opportunities for change and growth. The book 
is divided into five sections as place markers to aid the reader.
Section I addresses the roles of the advanced practice provider and also the 

nurse manager.
Section II assists the provider in understanding best practices in clinical care.
Section III focuses on topics related to patient safety in the imaging 

modalities.
Section IV adds the dimension of the patient experience, whether it be under-

standing how literacy impacts outcomes, the process of consents or com-
munications, or guiding children and young people in radiology.

Section V focuses on professional issues of interest to nursing and also high-
lights future horizons in radiology that will impact nursing and radiology.
I wish to thank all the authors who have persevered to complete the work 

needed to produce a chapter in this first edition. It is no easy task as it takes 
much time and genuine hard work to write for publication. Early on I placed 
my trust in each of the authors. While there is no paper on the cutting floor 
our computers house many revised versions of the chapters. Each author, 
regardless of their discipline, was given the freedom to approach the topic in 
a way they deemed most appropriate. I am sure that all would agree it is dif-
ficult to say with finality, “The chapter is complete*.” There is always one 
more piece of information authors and editors wish to add as a publication 
progresses but I assure the readers all have tried their best to provide a cur-
rent, concise, and informative chapter with emphasis on associated society 
standards where applicable.

My goal was to provide a text that was not only informative to improve 
patient care but also inspirational to radiology nurses, regardless of role. We 
are the gatekeepers and advocates for patients in radiology. We can help avert 
problems, triage adverse events of all types, and provide follow-up as needed. 
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We assess and monitor during procedures. We communicate with other pro-
viders and staff. We provide 1:1 care for the patient and share in the patient’s 
lived experience. We are often there when “news” is delivered and provide 
emotional support for the patient and significant other. We greet and dis-
charge patients leaving a first and last impression of radiology on their minds. 
Radiology nurses can and do make an incredible difference in patient care 
and experience in the radiology department and need to be recognized for 
their value.

My hope is that radiology nurses and leaders will also share this text with 
related professionals who care for radiology patients, e.g., the intensive care 
nurse, the peri-anesthesia nurse, the emergency nurse, the medical surgical 
nurse, the pediatric nurse, and others as dissemination of knowledge will only 
serve to enhance the nursing profession as a whole and improve patient care. 
We need to practice in collaboration not in silos.

Radiology nursing is dynamic; this theme should be foremost in our 
thoughts. Radiology nurses can be creative and innovative in so many ways. 
That is part of the essence and pure joy in being a radiology nurse.

*Editor’s note: Careful editing of the information was carried out but the 
professional is advised to always question, if needed, as new information is 
constantly forthcoming as knowledge expands.

October 10, 2019
Owings Mills, Maryland Kathleen A. Gross, MSN, BS, RN-BC, CRN
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Advanced Practice Providers

Randi L. Collinson

1.1  Introduction

In the field of radiology, technology has aided the 
growth of radiology departments to become one of 
the largest departments within the medical arena. 
Radiology offers a plethora of services and revolu-
tionary procedures to assist with patient diagnosis 
and innovative treatments. As the field of radiol-
ogy continued to develop and grow so did the need 
for multiple medical professionals to form the 
radiology team of today. The focus of this chap-
ter is to discuss the role of the advanced practice 
provider (APP) in radiology primarily addressing 
the nurse practitioner (NP) and physician assistant 
(PA) role in the realm of interventional radiology.

1.2  Discovering the Diagnostic 
X-Ray

In the late 1800s, Wilhelm Rontgen, a German 
engineer and physicist, produced and detected 
radiation which became known as X-rays. The 
first machines that produced X-rays were used by 

professional photographers for the curious pub-
lic to see their own boney structures. In the early 
1900s, X-ray equipment became an additional 
medical tool, purchased by physicians, to assist 
in diagnosing and treating illness. Quickly a need 
for additional professionals to manage, maintain, 
and perform the radiologic images was recog-
nized. Many of the first X-ray assistants were 
nurses since they were already professionally 
trained and educated. In the years that followed, 
perfecting X-ray techniques, developing position-
ing guidelines, and educating radiology specific 
professionals became the goal in radiology. The 
role and profession was organized to form the 
professional known as a radiologic technologist 
who then replaced the first nurses in radiology [1].

In the years that followed, radiology developed 
from a service dependent on referrals to a true 
clinical practice. As the clinical practice contin-
ued to emerge into the radiology service of today, 
it became evident there was an overwhelming 
need to incorporate several other medical profes-
sionals to the radiology team. The significance 
of nurses and advanced practice professionals, 
along with several other medical professionals, 
has shown to provide an advantage to the radiol-
ogy department and the patients they serve.

1.2.1  Radiology Infancy

Radiology departments in the early 1960s con-
sisted mainly of radiologic technologists (RTs), 
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certified to assist radiologists with noninvasive 
and minimally invasive procedures. Some of the 
noninvasive imaging would include X-rays of 
body parts, with minimal to no introduction of 
a contrast media. The minimally invasive imag-
ing procedures would include entering the skin or 
body cavity with a needle, tube, or catheter with 
minimal to no damage to those structures, while 
imaging the specific body parts with some form 
of radiation [2] (see Chap. 15).

1.2.2  CT and MRI Influences

Radiology advancement in the early 1970s was 
related to the development of the first comput-
erized axial tomography (CAT) scanners or CT 
scanners, as they are called today, for medical 
imaging. This expanded the radiologist’s abil-
ity to visualize abnormal and normal conditions, 
including soft tissue via cross section views aided 
by the computer, allowing a more accurate plan to 
diagnose and treat the patient. Similarly, the mag-
netic resonance imaging (MRI) scanners which 
were being used in the field of science were now 
being transitioned to medicine. This newer imag-
ing modality was considered safer since there 
was no radiation exposure to the patient while 
providing an additional noninvasive imaging tool 
to aid radiologists with diagnosing and planning 
for patient treatment [3, 4].

1.2.3  Interventional Radiology 
Expansion

While these newer imaging modalities were on 
the rise, advancement continued evolving within 
the radiology area. A vascular radiologist, Dr. 
Charles Dotter, began experimenting and dis-
covering the potential treatment use of catheters 
within the intravascular anatomy. This became 
known as minimally invasive procedures which 
led to additional treatment possibilities. The 
radiologist could perform a specific treatment 
within the blood vessel, at the site of the problem 
with the use of fluoroscopy to guide the proce-
dure while providing a quicker recovery for the 
patient [5, 6].

The development of this section of radiology 
historically known as “Special Procedures” has 
come to be known as “Interventional Radiology” 
or IR. This development led to the formation of 
what is now called the Society of Interventional 
Radiology (SIR) in the late 1980s. The SIR then 
established specific IR training, which was then 
approved for medical education and incorpo-
rated into accredited programs. The IR depart-
ments encompass board-certified radiologists 
specializing in minimally invasive treatment 
which include subspecialties of Interventional 
Cardiology, Interventional Radiology, and Neuro 
Interventional Radiology [5, 6].

Today in the IR department, there are many 
more minimally invasive procedures. These pro-
cedures are performed on a daily elective and 
emergent basis with the use of catheters, guide 
wires, balloons, occlusive materials, implantable 
devices, and medications.

The procedures vary from ballooning an 
area with stenosis, implanting a stent to assist 
with vessel patency, creating dialysis access, 
placing a percutaneous drainage tube, ablat-
ing tumors, and embolizing tumors prior to 
surgical tumor removal just to name a few. In 
addition to vascular treatments there are spe-
cial spinal procedures performed to assist with 
pain alleviation or diagnosis. Even though the 
procedures that are performed are minimally 
invasive and considered safe, there is always a 
risk of complications with any procedure; pre, 
during, and post procedure [7]. As the proce-
dures performed by the radiologists, known 
as interventionalists, became more involved 
and more complicated, the need for nurses and 
more recently advanced practice professionals 
was evident.

1.3  Evolution of Radiology 
Nursing

The radiology nursing role began to evolve 
in the late 1940s when a nurse visionary, 
named Charlotte Louise Goodwin, RN, joined 
the radiology team at The Johns Hopkins 
Hospital in Baltimore, Maryland. She went 
on to become the director of radiology nurs-
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ing at Johns Hopkins with a goal to provide 
recognition, education, and information to the 
nursing profession. She conducted a national 
survey by reaching out to other nursing profes-
sionals within the radiology field of medicine 
in 1979 with a surprising positive response. 
This response was the motivation she needed 
to present her goals to the Johns Hopkins radi-
ology team and the Radiological Society of 
North America (RSNA) to obtain recognition, 
support, and time for the radiology nursing 
professionals at the RSNA meeting in Chicago, 
Illinois, November 1981. Thus, the first meet-
ing was held to create the American Radiologic 
Nurses Association (ARNA) in November 1981 
which continued to evolve and focus attention 
with recognition on nursing in the field of radi-
ology on a national scale [8].

1.3.1  Professional Responsibilities 
Advance in Radiology

As stated above, nurses were hired in radiology 
as early as the 1940s for patient care manage-
ment, which then continued to develop into 
administering conscious sedation during pro-
cedures along with short-term recovery of the 
patient. The nursing responsibilities expanded 
to include a pre-procedure assessment, history 
and physical, pretesting review prior to pro-
posed procedure, along with discussion of any 
abnormal findings with the performing physi-
cian. As the nursing responsibilities for provid-
ing conscious sedation developed, the required 
credentialing began to emerge, with many radi-
ology departments requiring nurses to obtain 
critical care certification and/or advanced car-
diac life support with conscious sedation certi-
fication [9].

The registered nurse’s role in the radiology 
department has continued to evolve with nurses 
managing every aspect of the radiology depart-
ment (see Chap. 3). Nursing coverage may be 
present in any area that could or may involve 
intravenous injection, which predominately 
includes IR, CT, MRI, diagnostic radiology, 
and nuclear medicine (NM) areas but may also 
include virtually all modalities. Depending on 

the size of the department there may also be a 
designated team of nurses who travel throughout 
the radiology department medically managing 
any issues that may develop [9].

1.3.2  Recognition as a Specialty

Radiology nursing was recognized by the 
American Nurses Association as a nursing spe-
cialty in 1991 [10]. The organization for radiol-
ogy nurses is now known as the Association for 
Radiologic & Imaging Nursing (ARIN), which 
transitioned from The American Radiologic 
Nurses Association in September 2007. The 
ARIN’s goal is to promote quality patient care 
while providing radiology nursing professionals 
with support and continuing education within 
the radiology environment [11]. The Scope & 
Standards of Practice—Radiologic & Imaging 
Nursing was first published by the American 
Nurses Association (ANA), with the second edi-
tion copublished in 2014 by the ARIN and the 
ANA. The association’s official journal, Journal 
of Radiology Nursing (formerly Images), contin-
ues to provide current evidence-based informa-
tion for professional radiology nurses within the 
many aspects of radiology [12–14].

1.4  Development 
of the Advanced Practice 
Roles in the USA

From 1940 to 1960s the nursing profession devel-
oped such a severe shortage resulting in a gov-
ernment solution by signing into law the Nurse 
Training Act of 1964. This act was developed to 
provide federal funding to colleges throughout the 
country to encourage the nursing professions into 
advanced educational nursing degrees. This fed-
eral assistance resulted in the development of sev-
eral advanced educational programs for nurses, 
which expanded their knowledge base along with 
the development of requirements of advanced cer-
tification in certain specialized areas [15].

The nurse anesthetist role was developed in the 
late 1800s, to assist the physicians with anesthetic 
patient care with the first nurse to administer 
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anesthesia in 1861. The first trained nurse anes-
thetist to assist with performing patient anesthesia 
was Sister Mary Bernard employed at a hospital 
in Erie, Pennsylvania, in 1877 [16].

The clinical nurse specialist (CNS) role was 
established in the 1950s influenced by the need 
in the field of psychiatry. Professor Hildegard 
Peplau at Rutgers University established the first 
master’s program to provide additional assistance 
in the area of mental health. Then the CNS role 
continued to evolve into specialty areas of today, 
as experts in evidence-based practice providing 
assistance and education for the medical team 
[17] (see Chap. 2).

Following World War II, an acute shortage of 
physicians was noted in the United States com-
pared with the growing population and demand-
ing health care needs. As early as 1961, an article 
was published by Dr. Charles Hudson regard-
ing the concept of using physician extenders to 
address the growing shortage of primary care 
providers. Thus, the physician assistant (PA) role 
was established in the early 1960s while the nurse 
practitioner (NP) role was conceived in 1965 by 
a nurse and physician in Colorado to assist with 
this national physician shortage [16, 17].

1.4.1  Education for the Nurse 
Practitioner

The current requirements to apply to become a NP 
in the United States (US) include prerequisites of 
a current nursing license, preferable 1–2  years 
of nursing experience and a bachelor’s degree 
preferably in nursing science. Additional require-
ments are a completion of advanced education at a 
nationally recognized school and accredited cur-
riculum with a completion of certification in the 
specific designated specialty areas of education. 
The specialty areas that are accepted in 2019 are 
patient population focused and include Family/
Individual Across the Lifespan, Pediatric (acute 
or primary), Neonatal, Women’s Health and 
Psychiatric/Mental Health. Upon completion of 
the advanced education of the Masters in Nursing 
Science program and passing the national certifi-
cation exam, practicing as an NP in that specialty 

is awarded on a state level, with variable state 
regulations [18]. In an attempt to remedy the var-
ied state level requirements, the National Council 
of State Boards of Nursing (NCSBN) created an 
APRN Consensus Model to move to uniform 
state laws which has been slowly adopted with 
legislation in some states [19]. Since 2004, The 
American Association of Colleges of Nursing 
(AACN) has been recommending to require the 
standard for entry level NP to become a Doctor of 
Nursing Practice (DNP) by 2015 but as of 2019 
this is not a requirement to practice [20].

1.4.2  Education for the Physician’s 
Assistant

The current preferred requirements to apply 
to practice in the USA as a PA include prereq-
uisites of some type of medical experience as a 
nurse, paramedic, or emergency medical techni-
cian. The training for the PA curriculum requires 
completion at an approved, accredited physician 
assistant program with many offering a Bachelor 
of Science in PA studies or a Master of Science in 
PA studies with some opportunity to specialize in 
subspecialties, completion of clinical supervised 
training, and completion of PA national certifi-
cation exam. This completion allows the PA to 
practice in any state in the USA after completing 
each state regulatory requirement [21].

1.5  Need for Advanced Practice 
Providers

In a survey from 2000 to 2001 performed by the 
SIR it was reported by interventional radiologists 
that 65% conducted preprocedure visits, with 
only 53% performing post procedure follow-up 
visits. In the same survey, while 84% had admit-
ting privileges only 75% utilized them with 70% 
mainly accepting direct referrals [22]. Thus, 
revealing the interventional practices that would 
prosper would need to expand into a full clinical 
service by including advanced practice providers 
to the radiology team. As a clinical service the 
interventional radiology sections must provide 
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alternative patient treatment options with current 
and future patient management. In a literature 
review published in 2018, evidence supported 
positive benefits of advanced practice  providers 
in reducing patient waiting times, decreased 
workload on physicians, cost-effectiveness, and 
job satisfaction [23].

The advanced practitioner is an ideal addition 
to the radiology team by assisting with patient 
clinic consultations, performing specific percuta-
neous procedures, along with continued patient 
management in the hospital setting and with the 
continued outpatient follow-up responsibilities.

1.5.1  Types of Advanced Practice 
Provider Roles in Radiology

The term “Advanced Practice Providers” (APP) 
is used to describe a medical professional with 
advanced academic and clinical education in a 
specific specialty or general medicine that allows 
them to diagnose and manage common or chronic 
illnesses. The APP is required to obtain advanced 
certifications and may work in collaboration or 
independently as per their state requirements. 
APPs incorporate certain areas of education and 
expertise, which include the nurse practitioner 
(NP), the nurse anesthetist (NA), the clinical 
nurse specialist (CNS), and the physician’s assis-
tant (PA). The APPs best suited for the interven-
tional roles are mainly the NPs, CNSs, and the 
PAs [24].

In 1999, the first NPs were hired into the IR team 
at the University of New Mexico, having completed 
a 6-month radiology training program providing 
additional education and final credentialing on 
completion [25]. An article located on the American 
Academy of Physician’s Assistant website, noted a 
PA, scheduled his own rotation with the IR team 
while in PA school, and began employment in 1999 
for Mecklenburg Radiology Associates, located in 
Charlotte, North Carolina [26].

In some radiology departments another role 
was being developed and recognized by the 
American College of Radiology (ACR), the 
American Registry of Radiologic Technologists 
(ARRT), and the American Society of Radiologic 

Technologists (ASRT) in early 2002 [27]. The role 
was an advanced role for the radiologic technolo-
gist referred to as a radiology assistant (RA) and 
radiology practitioner assistant (RPA). The RPA 
role is considered mid-level provider working 
under the supervision of a radiologist with addi-
tional education. The RPA acts as a radiologist 
“extender” and can perform specific radiologic 
procedures under direct radiologist supervision. 
The RPA typically receives Bachelors of Science 
degree upon completion of approved curriculum 
and obtains certification.

The RA is considered an advanced level 
radiologic technologist who can lead in patient 
management, patient assessment and perform 
exams and procedures with image evaluation 
but not final written reporting. The RA curricu-
lum requires a baccalaureate degree with 1 year 
full- time clinical experience, preceptorship of 
18–21 months, and certification [28].

The RA is certified by the Certifying Board 
for Radiology Practitioner Assistants (CBRPA) 
and registered by the American Registry of 
Radiologic Technologists (ARRT) following the 
completion of the advanced curriculum. The RA/
RPA work with the radiologist’s supervision, 
and guidance as delineated in the Joint Policy 
Statement of the American College of Radiology 
(ACR) and the American Society of Radiologic 
Technologists (ASRT). As of today there are 31 
states in the USA that recognize or license the 
RA/RPA [27, 28].

1.6  Advanced Practice Providers 
Billing for Services

Non-physician advanced practitioners in the 
United States employed by interventional radi-
ology can obtain history and physical exams, 
deliver clinical care and participate with radiol-
ogy physicians in forming a clinical assessment 
and plan. After credentialing and appropriate 
training the non-physician practitioners can per-
form minor interventional procedures that other-
wise would require the radiologist to perform as 
guided by the regulations of each state. The NP 
and PA practitioners are recognized by Centers 
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of Medicare & Medicaid Services (CMS) as 
qualified health providers that acquire their own 
national provider identification number which 
allows billing under their own identification 
numbers for services provided [29].

The most recent changes by Centers of 
Medicare & Medicaid Services (CMS) were 
allowing the RAs the ability to perform diagnos-
tic testing under “direct supervision” rather than 
“personal supervision” starting in January 2019. 
The CMS define personal supervision requiring 
the physician to be in the room while the test is 
being performed in comparison to direct supervi-
sion in the office which requires the physician to 
be present in the office suite, immediately avail-
able to provide guidance and assistance through-
out the procedure. The next step is in progress 
with the Medicare Access to Radiology Care Act 
(MARCA) which was introduced into the US 
Congress in March 2019 and would allow RAs to 
be recognized as non-physician providers. This 

allows the RAs to become another autonomous 
integral member of the radiology team while con-
tinuing to contribute to interventional department 
productivity allowing reduction of some of the 
burden for the physicians [30–32].

Table 1.1 depicts the nurse practitioner, the 
physician assistant, and the registered radiology 
assistant/extender (advanced provider) roles with 
consideration to similarities, differences, educa-
tional requirements, and independent allowable 
billing status.

1.6.1  Medicare Reimbursement 
for Advanced Practice 
Professionals

In 1948, the American Nurses Association (ANA) 
was instrumental in presenting outcome data to 
prove how quality, cost-effective care provided 
by advanced practice nurses (APNs) should be 

Table 1.1 Provider comparison chart

Medical Professionals Nurse Practitioner Physician Assistant
Radiology Assistant/Radiology 
Extenders

Degree required Masters or Doctorate of 
Nursing

Masters of Medicine Majority bachelors prepared

Model of studies Nursing model Medicine model Radiology/medicine model
Study model focus Holistic approach with 

patient focus
Disease approach with 
diagnosis/treatment

Patient assessment/management 
approach

Training required RN license, 400–1000 h 
studies

2000 h studies RT license, additional 
Radiology MD preceptorship

Available curriculum College classes or online/
clinical training

College classes/clinical 
training

College/clinical based training 
with MD

Areas of study Multiple age/gender/mental 
health focused

Diagnostic/treatment for all 
areas of life span

Radiology/procedural focused

Pre requisite Bachelor’s in Nursing Bachelor’s in Medicine Certified radiologic 
technologist

Practice authority Independent, reduced and 
restricted authority

Physician collaboration State regulated practice

Advanced professional 
associations

American Association of 
Nurse Practitioners

American Academy of 
Physician Assistants

American Society of 
Radiologic Technologists

USA national total 270,000+ (estimated) 123,000+ RA’s—392/RPE’s 640+
Recertification 100 h CE’s + 1000 h every 

5 years, no exam
100 h CE’s every 2 years, 
exam every 10 years

12 h CE’s yearly, qualifications 
required every 10 years

Radiology training No No Yes
Providers recognized 
by CMS

Yes Yes No

Transferring skills to 
other practice

Yes Yes No

Source: From refs. [18, 20, 21, 28, 29, 32, 36, 37, 49–60]
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eligible for Medicare reimbursement. The value 
of this data was not truly recognized until the 
1990s due to the barriers that existed.

There were several barriers to granting direct 
reimbursement to APNs. One of the barriers was 
due to opposition of organized medicine ques-
tioning the quality of the APN services with no 
physician supervision or control. Another bar-
rier was noted when health care cost continued 
to increase with an inability to demonstrate APN 
contribution to cost containment. Still another 
barrier to APN direct reimbursement was the 
absence of consumer demand for APN services 
due to the lack of consumer education regarding 
available APN services.

The benefits to granting direct reimbursement 
to the APNs included, providing community rec-
ognition as an independent professional, allowing 
autonomy or enhancing employment revenue and 
enabling APNs with independent practice and 
patient management. By direct reimbursement 
to APNs additional data collection and research 
would provide valuable information of cost-effec-
tiveness, patient outcomes and services provided.

In 1989, the US Congress enacted a law to rec-
ognize APNs as direct providers of services to res-
idents of nursing home facilities. The government 
focus at this time was to provide comprehensive 
care to populations residing in nursing home facil-
ities and rural areas [33]. Direct reimbursement by 
Medicare in 1990 for APRNs was limited to only 
professionals working in countryside areas and 
skilled nursing facilities. Expansion of Medicare 
reimbursement for clinical nurse specialists and 
nurse practitioners, including nurse anesthetists 
and nurse midwives, started in the late 1990s. The 
reimbursement for the APN professionals allows 
85% of the physician reimbursement and contin-
ues to be a complicated process which incorpo-
rates state and federal level regulatory factors [34].

The Institute of Medicine (IOM) reported rec-
ommendations regarding the future of advanced 
practice nursing in 2011, stating the barriers of 
advanced practice nursing should be removed to 
allow the communities more access to cost effec-
tive health care. The U.S. Department of Health 
and Human services is continually refining the 
plan to meet health care needs of the American 

population. The impact of nurse practitioners 
on health outcomes of Medicare and Medicaid 
patients has been evaluated and determined to be 
equivalent to or above expected care when com-
pared to physicians [35].

1.7  NP/PA Education 
in Radiology

In any advanced practice role the education and 
information provided while in training is at a 
rigorous and demanding pace to meet the cur-
riculum schedule. While the basic classes must 
be met to form the framework for appropriate 
diagnosis and treatment, a lack of radiologic edu-
cation is definitely evident when considering the 
NP and PA curriculum. This is evident in a small 
study of almost 700 NPs graduating from 2006 
to 2011 which was related to clinical prepared-
ness and practice transition. The study revealed 
the NPs rated X-ray interpretation as lowest on 
the scale of preparedness and competence [36]. 
While yet another study of approximately 900 
NPs surveyed reported an NP program curricu-
lum with a dedicated clinical rotation for edu-
cation and training in diagnostic imaging and 
testing would be overwhelmingly beneficial. In 
addition, the NPs surveyed revealed they would 
welcome the opportunity for continuing educa-
tion in radiological imaging and testing [37].

As an advanced practitioner in the medical 
field, the responsibilities of the role are guided by 
the professional practice in that specific area of 
expertise. The advanced practice provider in the 
radiology realm can be a key professional asset 
to the radiology team while providing individual 
patient care.

1.8  Patient Care

Starting with the clinic visit the provider will 
review the medical history, medications, and 
allergies with the patient while simultaneously 
developing a relationship with each patient. This 
first visit will assist the team in forming and estab-
lishing a trusting relationship of communication 
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between the patient, the practitioner, and the treat-
ing physician. While coordinating all the aspects 
of preparing the patient for a procedure, the pro-
vider will be responsible for any information 
and education the patient and family will require 
which assists in decreasing anxiety and clarifying 
expectations. The relationship that is formed will 
assist in determining the need for any emotional 
or spiritual support prior to, during, and post 
procedure. The advanced practitioner is the con-
tinuous connection and the key link to optimize 
patient care and management [38].

Many interventional radiologists today spe-
cialize in certain procedures that are treatment 
focused which require the APP to provide spe-
cialized care for each patient. As the APP role 
continues to evolve in the radiology field, each 
radiology service, from the specific specialties, 
such as neuroradiology to the interventional radi-
ology focus, to chemoembolization focused to 
vascular access focused, the responsibilities for 
the APP can vary immensely.

1.8.1  Advanced Practice Provider 
Responsibilities

Many of the general responsibilities of the APP 
are listed below which can include specialty- 
specific responsibilities along with procedural 
responsibilities and can vary with each specific 
practice and state regulations [39, 40] (Table 1.2).

1.9  Recent Advanced 
Professional Growth 
in the USA

With the use of data collection from the National 
Provider Identifier (NPI), The Centers for 
Medicare and Medicaid Services (CMS) reported 
an estimated 106,000 practicing NPs and 70,000 
PAs in 2010 [41]. In the year 2017 the NPs 
employed in the USA grew from 166,280 to 
179,650 in 2018 as shown by statistical informa-
tion provided by the US Bureau of Labor Statistics 
(USBLS). In just 1 year, the PAs employed in 
2017 went from 109,220 to 114,710 in 2018. The 

RTs employment increased from 201,200 in 2017 
to 205,590 in 2018, which does not separate RAs 
from RTs. As the numbers of these professionals 
increased, so did the wages, proving that with an 
advanced educational degree and clinical train-
ing, the financial worth of these medical profes-
sionals is recognized and compensated. The mean 
wage provided by the USBLS for NPs in 2018 
was $110,030; PAs was $108,430; RNs $75,510; 
and Radiologic Technologist (RT) was $61,540 
[42]. The ASRT performed a small survey in 
2008 to determine the mean wages of Radiology 

Table 1.2 Responsibilities of the APP

Responsibilities that may be required of NP/PA/RA/RPA 
in radiology
History and physicals
Preprocedure testing with review and management
Inpatient evaluation and management/outpatient 
follow-up and management
Communication, consultation with referral to other 
medical services as needed
Ordering and interpreting labs and imaging studies
Writing prescriptions
Emergency management with appropriate therapies
Clinic visits with management
Admission/discharge orders with follow-up visit 
established
Patient/family education and resident teaching
Obtaining informed consent
Prescribing conscious sedation (state regulated)
Assisting or performing procedures
Involvement in research/continued data collection of 
complications and outcomes
Establish and maintain Internal Review Board (IRB) 
documentation annually
Education and maintenance of continuing education for 
certain technical staff
Possible procedure specific responsibilities of PA/NP/
RA/RPA
Lumbar puncture/myelograms
Central vascular access (e.g., port placement, peripheral 
inserted central venous catheters)
Needle biopsies
Feeding tube exchange
Drainage catheter exchanges and removal
Paracentesis
Thoracentesis
Chest tube placement
Drain exchange/removal
Wound care
Epidural steroid injection
Needle localization
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Assistant/Extenders which revealed a mean wage 
of $97,891 [43]. In 2016 the ASRT again per-
formed a survey to determine wages with results 
of mean salary for RRA was $106,777 [44]. Thus 
verifying again, the advanced medical profes-
sionals that form the team in radiology continue 
to develop and enhance the field, while provid-
ing additional financial profit with indispensable 
individual patient care (Table 1.1 and Fig. 1.1).

1.10  International Advanced 
Practice Roles

The nurse practitioner role outside of the USA 
and around the world differs in the extent of 
responsibilities they can perform, prescriptive 
authority granted, and recognition in the country 
they practice and reside. In 2001 the International 
Council of Nurses (ICN), a federation of national 
nurses associations worldwide, confirmed the 
four common characteristics of nurse practitio-
ners around the world to be, advanced education, 
required licensure and regulation, authority to 
prescribe medication/ treatment, and referral to 
other professionals with common professional 
functions [45]. A few examples of the advanced 

practice role and responsibilities in other coun-
tries around the world can be located on the web 
site https://international.aanp.org.

In Canada, the advanced nursing practice 
(ANP) role incorporates the clinical nurse spe-
cialist (CNS) and nurse practitioner (NP). As 
in the USA, the APN role started in the 1970s, 
due to the physician shortage, but did not 
truly expand until 1998, when reforms to the 
Canadian health care system were developed. 
A framework developed by several medical 
professionals became known as PEPPA, which 
referred to Participatory, Evidence based, 
Patient focused, Process and Advanced prac-
tice nursing evaluation [46]. The Canadian 
Nurse Practitioner Initiative (CNPI) in 2004 
guided and assisted in implementing the build-
ing of a definitive framework for the ANPs role 
in the Canadian health care system. The edu-
cational requirements of the APN in Canada is 
similar to the advanced practice nurses in the 
USA, with the required bachelor’s degree in 
nursing, advanced practice education in nurs-
ing, and licensure required for both degrees to 
practice as an ANP. Since then, the ANP role has 
continued to evolve to include autonomously 
prescribing medications including narcotics 
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Fig. 1.1 Medical professionals in the United States. (Source: From refs. [42–44])
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along with recognizing the NP as a primary care 
health services provider in March 2017. The 
Federal Income Tax Act allows the NP to com-
plete the forms required for medical expenses or 
disability benefits while providing shorter wait 
times for the patients they care for [47].

In Finland, the advanced roles for nurses are 
still in the infancy stages. The Finnish Nurses 
Association reported recommendations for role 
development for the Finnish Advanced Practice 
Nurse as recently as 2016. The Finnish Nurses 
Association has begun to recognize the neces-
sity to their country’s health care community of 
the Advanced Practice Nurse (APN). In Finland 
the APN roles which are recognized include the  
Nurse Practitioner and the Clinical Nurse 
Specialist. The APN and CNS have been devel-
oped since the early 2000s. Educational require-
ments are on a master’s level for the APN with 
prescriptive authority requiring an additional post 
graduate training. Nursing training in Finland is 
regulated by national legislation and based on the 
European Union’s Directive which is similar to 
other European countries.

In the Czech Republic, advanced nursing 
practitioners (ANPs) have two nursing catego-
ries that are recognized, which are: the nurse 
 specialist who is a nurse with a specialization 
that mainly focuses on chronic diseases and 
the nurse with a master’s degree in a specific 
clinical discipline. Neither of these roles are 
autonomous with no prescriptive authority but 
both have the ability to diagnose, consult, and 
order testing. The Czech Republic is currently 
investigating the future role and responsibilities 
for the ANP while attempting to define the role, 
develop the educational programs, and provide 
financial support for the required advanced edu-
cation [48].

1.11  Conclusion

Since the discovery and development of radio-
logic medicine beginning in the 1800s and the 
addition of technological advances in the com-
puter age in the 1940s, medicine along with the 
field of radiology have continued to advance. 

Radiology began as a referral service but soon 
realized to continue to provide ideal treatment 
with optimal patient care, the radiology service 
would benefit financially and professionally by 
creating a dedicated clinical service. The radi-
ology clinic was created to provide alterna-
tive minimally invasive treatment options for 
patients while continuing to medically manage 
the patient on a longer term basis. The clinic 
with the addition of the advanced practice pro-
vider has proven to positively benefit the radi-
ology service. There are a variety of advanced 
practice providers in radiology departments that 
are a key member in the clinic who can assist 
and perform specific procedures, can manage 
illnesses in the hospital setting, while provid-
ing continued outpatient follow-up care for the 
radiology service. The advantages have proven 
to increase patient satisfaction with continuity of 
care, decrease workload for physicians, increase 
efficiency along with revenue, and provide 
autonomy with job satisfaction. As health care 
becomes more progressive regarding the com-
plex diseases and cutting edge treatment options, 
the advanced practice provider role will continue 
to be a key element in providing individualized 
patient care in the radiology arena. APPs may 
find resources for continuing education and net-
working through the Society of Interventional 
Radiology (www.sirweb.org).
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2.1  Introduction

Clinical Nurse Specialists (CNS) have been edu-
cated at the master’s degree level since the spe-
cialty began in the 1960s, about the same time 
as the nurse practitioner (NP) programs began. 
The practice of the CNS is within the domain of 
nursing and does not usually overlap the domain 
of medicine, except for the psychiatric CNS, 
who provides diagnostic counseling and psychi-
atric services, which sometimes do overlap with 
the services of treatment provided by physician 
psychiatrists [1–4]. Many CNSs by virtue of 
extensive experience and position requirements 
become proficient at performing comprehensive 
physical assessments and diagnosing disease 
states occurring in patients; thus, they may pro-
vide medical care, albeit usually under the direc-
tion and guidance of a physician.

Table 2.1 provides a historical overview of 
the CNS in the United States (US) [5–16]. The 
CNS role was created: (1) to provide direct care 
to patients with complex disease states or con-
ditions; (2) to improve outcomes by developing 
the clinical skills and judgements of staff nurses; 
and (3) to retain nurses who were experts to clini-
cal practice [17]. Psychiatric CNSs became more 

autonomous, and independent in their practice. 
As nursing practices expanded such as with car-
diology and oncology, the need for expert nurses 
continued to grow. Typically, the CNS was hos-
pital based, but as the role expanded the CNSs 
moved into clinics and community settings [4].

In the 1990s, the term “advance practice regis-
tered nurse” (APRN) became commonly used in 
the USA. State nurse practice acts (NPAs) collec-
tively adopted the term to delineate nurse anesthetist 
(CRNA), nurse midwife (CNM), NP, and CNS. The 
professional and regulatory influences of the NPAs 
served to unite the advance practice specialty roles 
conceptually and legislatively, thereby promoting 
collaboration and cohesion among APRNs.

In the Statement on Clinical Nurse Specialist 
Practice and Education, the National Association 
of Clinical Nurse Specialists (NACNS) defined 
the CNS as an APRN who manages the care of 
complex and vulnerable populations, educates 
and supports nursing and nursing staff, and pro-
vides the clinical expertise to facilitate change 
and innovation in health care systems [18]. 
Advanced practice nursing is the primary distin-
guishing feature of CNS practice.

In 2008 the APRN Consensus Model was 
developed to help take APRN practice to the 
next level. Over 40 nursing organizations 
participated to address the inconsistency in 
APRN regulatory requirements throughout the 
USA. The result was the Consensus Model for 
APRN Regulation: Licensure, Accreditation, 
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Certification, and Education (LACE). The 
Consensus Model seeks to improve patient 
access to APRNs, support nurses to work more 
easily across different states, and enhance the 
American Nurses Credentialing Center (ANCC) 
certification process by preserving the highest 
standards of nursing excellence [19]. Through 
consistency and clarity of the APRN Consensus 
Model criteria, APRNs were empowered to work 
together to improve health care for all [20].

The necessary coordination among licensure, 
accreditation, certification, and education bodies 
required by the APRN Consensus Model called 
for an incremental implementation process. 
Although the model was completed in 2008, the 
target date for full implementation of the uniform 

APRN regulations across the four essential ele-
ments for licensure, accreditation, certification, 
and education was 2015. The National Council of 
State Boards of Nursing (NCSBN) has a map of 
the USA with the consensus model implementa-
tion status as of April 23, 2018 (see https://www.
ncsbn.org) [20].

2.2  Educational Preparation 
for this Role

The NACNS recognizes that there are two routes 
for completing a clinical doctorate in nursing: 
post-baccalaureate (i.e., post-BSN) and post- 
masters. Post-BSN programs must use validated 

Table 2.1 The history of CNS development in the United States (US) following World War II

•  The 1946 Mental Health Act was passed into law by President Harry S. Truman. It provided federal research and 
funds for undergraduate and graduate nursing education; for a time, graduates whose education was supported by 
federal funds formed the largest cadre of master’s-degree prepared nurses in the US [5]

•  There was a proliferation of medical, surgical, pediatric and neonatal intensive care units, cardiac surgery, and 
special needs of physically, mentally and severely ill patients in hospitals

•  In 1954 Hildegard Peplau developed the first master’s degree program in psychiatric nursing at Rutgers University, 
New Jersey, USA. Her book, Interpersonal Relations in Nursing: A Conceptual Frame of Reference for 
Psychodynamic Nursing, provided their basic practice for the specialty [6, 7]

•  Nurse educator’s credit Peplau’s work as the driving force for education of the CNS and the development of 
master’s programs, aided in large part by federal funds through the GI bill, and for construction of nursing schools 
to meet the growing demand and evident need for highly educated nurses

•  In 1963, expansion of the US federal government’s Professional Nurse Training Act, administered through the 
Division of Nursing of the Department of Health, Education and Welfare (DHEW), to include CNS education 
added a major impetus for the development of more master’s degree programs to prepare CNSs in all major 
specialties [8]

•  During the 1960s and 1970s CNSs became, the single largest group of nurse experts because there was a shortage 
of physicians [9]

•  The American Nurses Association (ANA) officially recognized the CNS role in the mid 1970's, defining the CNS 
as an expert practitioner and change agent.  The ANA’s definition specified a master’s degree as a requirement for 
the CNS (ANA Congress of Nursing Practice, 1974) [10]

•  By 1984, National League for Nursing (NLN) had 129 accredited master’s degree programs preparing CNSs [11]
•  The National Association of Clinical Nurse Specialists (NACNS) was founded in 1995 [12]
•  In 1997, The Balanced Budget Act, specifically identified CNS’s as eligible for Medicare reimbursement. The law, 

providing Medicare Part B direct payment to NPs and CNSs regardless of their geographic area practice, allowing 
both types of APRN’s to be paid 85% of the fee paid to physicians for the same services.  The law’s inclusion and 
definition of the CNS corrected the previous omission of this group from reimbursement [13]

•  In 2010-NACNS published core competencies and criteria for the evaluation of CNS graduate programs and 
certificates. A new document entitled “CNS Statement for Clinical Nurse Specialist Practice and Education” is 
expected out in the summer of 2019 that will include updated information on core competencies [14]

•  In 2004 the Doctorate of Nursing Practice (DNP) degree, was introduced by the American Association of Colleges 
of Nursing (AACN), aimed at ensuring education preparation for the Advanced Practice Registered Nurse 
(APRN).  In 2015 the DNP would standardize practice entry requirements [15]

•  In 2015 NACNS endorsed the DNP as entry into practice for the CNS by 2030. The NACNS Board elected to provide 
a 15-year transition to the DNP as entry-level for the CNS. The NACNS Board believes that this timeline allows 
schools, universities and individuals to plan for implementation of the DNP as entry level for CNS practice [16]
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CNS competencies and education standards 
to guide the curriculum and ensure that gradu-
ates are prepared to practice in the CNS role. 
NACNS has developed and published nation-
ally vetted CNS competencies [14]. In addition, 
graduate programs must use the Criteria for the 
Evaluation of Clinical Nurse Specialist Master’s, 
Practice Doctorate, and Post-Graduate Certificate 
Educational Programs (2012) for guidance dur-
ing CNS education program evaluation and/or 
development. Completion of the CNS specialty 
didactic and clinical courses in a population of 
interest, along with completion of the doctorate 
of nursing practice (DNP) role/practicum hours, 
will enable graduates to meet or exceed the 1000 
clinical hour requirement and to sit for national 
certification. Post master’s of science in nursing 
(MSN) students who hold current advanced prac-
tice certification with verified specialty clinical 
hours will be required to complete the DNP role/
practicum to meet the DNP essentials competen-
cies and the remaining clinical hour requirement 
[16, 21].

While NACNS supports the DNP as the 
appropriate degree for future clinical practice as a 
CNS, the organization supports the right of CNSs 
who pursued other graduate education to retain 
their ability to practice within the CNS role with-
out having to obtain the DNP for future practice 
as an APRN after 2030 [16].

With the APRN Consensus Model CNS edu-
cation had to shift from an emphasis on role and 
specialty to a model that includes population and 
role. CNS programs had to develop curriculums 
that balanced the requirements for education on 
population, role and specialty education which is 
unique to the CNS within the mandated clinical 
hours [21].

2.3  Certification and Licensure

While education, accreditation, and certification 
are necessary components of an overall approach 
to preparing an APRN for practice, the licensing 
boards—governed by state regulations and stat-
utes—are the final arbiters of who is recognized 
to practice within a given state. Currently, there 

is no uniform model of regulation of APRNs 
across the states. Each state independently deter-
mines the APRN legal scope of practice, the roles 
that are recognized, the criteria for entry into 
advanced practice, and the certification examina-
tions accepted for entry level competence assess-
ment. This has created a significant barrier for 
APRNs to easily move from state to state and has 
decreased access to care for patients.

For example, the author graduated in 1995 
with an MS in nursing. The author chose to 
become certified in 1997 although it was not 
mandated for the author to keep her position. 
However, having the certification did allow the 
employer to change the author’s position class 
from nurse clinician to CNS. The author received 
certification through ANCC by taking the medi-
cal surgical nursing examination [19]. This certi-
fication has to be renewed every 5 years and has 
been “relabeled” and the author is now called a 
CNS certified in Adult Health. The ANCC has 
now retired this examination but as long as the 
author keeps renewing she can continue to be 
certified, otherwise the author will have to find a 
new examination to take.

The author chose to take the radiology nursing 
examination which is accredited by the ABSNC 
[22]. The author chose to take this exam as vali-
dation for her practice as a radiology nurse. This 
examination is not required for the author’s posi-
tion or to keep her state license. Certification 
showed validation of knowledge.

When certification first became mandatory, 
many CNSs in the state of Minnesota where the 
author lives did not have a specialty examination 
that matched their area of specialty. Nurses were 
granted waivers for years; however, as certifica-
tion exams have become available this was no 
longer an option.

In 2015, statutory barriers were removed 
in Minnesota for APRN practice. The creation 
of a formal infrastructure (Minnesota APRN 
Coalition) was developed to manage financial 
and communication strategies, provide cohesion 
among all four roles of APRNs, and encourage 
engagement of strong legislative authors and 
bipartisan support, and valuable partnerships 
among the coalition and external stakeholders. 
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The Minnesota Board of Nursing was key to the 
passage of legislation [23].

In 2016, the Minnesota State Board of Nursing 
issued a license number for the CNS license. 
Then in 2018 when this author renewed a basic 
Minnesota registered nurse license, the author 
also had to pay a given fee for a separate license 
to practice as a CNS.  The author is allowed to 
practice independently; however, her employer 
insists that she still have a collaborate practice 
agreement with a physician.

2.4  The Future of the CNS Role

It is believed there are over 72,000 CNSs in the 
USA.  The US Bureau of Labor Statistics has 
separate classifications for CRNAs, CNMs, and 
NPs in their standard Occupational Classification 
listing, so some data is collected when the Bureau 
does routine surveys. The CNS, however, ends up 
under the general RN classification, so it is not 
known how many CNSs are there in the USA [21].

In a US survey of CNSs, conducted by 
NACNS in 2016, it was found that 3 in 4 clini-
cal nurse specialists specialize in adult health or 
gerontology, most CNSs work in acute care hos-
pitals that have or are seeking ANCC’s Magnet™ 
Recognition, and more than half have nursing 
clinical-related responsibility for an entire health 
system, but only 1  in 5 CNSs are authorized to 
prescribe medications [24].

As a group, the NACNS survey found that 
22% provide direct patient care, 20% teach nurses 
and staff, 20% consult with nurses, staff, and oth-
ers, 14% lead evidence-based practice projects, 
and 12% assist other nurses and staff with direct 
patient care [24].

2.4.1  Title Protection 
and Prescriptive Authority

Prescriptive authority is a matter of state law in 
the USA.  A 2015 analysis of states, completed 
by NACNS in collaboration with the NCSBN, 
indicates that CNSs have independent authority 
to prescribe in 19 states. The CNS needs a collab-

orative agreement with a physician to legally pre-
scribe in another 19 states. The total number of 
states where a CNS may be eligible to prescribe 
is 38. Although the CNS has the education, com-
petence, skills, and expertise to practice, if she/
he moves from one state to another state, it is the 
nurse practice act of the new state that will deter-
mine what the CNS can do [25].

In the state of Minnesota where the author 
lives and is licensed, many CNSs completed 
their degrees before prescriptive authority was a 
part of a degree. As part of the 2016 legislation 
in Minnesota, CNSs who did not already have 
prescriptive authority, must practice for 2080 h 
within the context of a collaborative agreement 
within a hospital or integrated care setting with 
a Minnesota-licensed certified NP, certified 
CNS, or physician who has experience provid-
ing care to patients with similar medical prob-
lems before she/he can prescribe independently. 
The CNS in Minnesota can write for controlled 
substances and a collaborative agreement is not 
required [26].

2.4.2  Reimbursement

One issue highlighted by the NACNS survey 
findings is reimbursement. CNSs in independent 
ambulatory care practice, or who have hospital 
medical board privileges, are able to bill insur-
ance companies directly for their services, rather 
than through a third party, reducing insurance 
costs. According to the survey findings, only 
6% of CNSs bill directly to a third-party payer, 
like a private insurance company, Medicare or 
Medicaid, or an individual patient for the ser-
vices they provide [24].

Medicare prohibits all APRNs from admitting 
patients to skilled nursing facilities and certi-
fying for hospice or home care despite the fact 
that they may serve as the patient’s primary care 
provider. There have been bills placed before 
the US Congress to amend the Society Security 
Title XVIII for APRNs to certify for hospice 
and home care. The Home Health Care Planning 
Improvement Act (S. 445) to allow APRNs to 
certify eligibility and make changes to home 
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health plans of care has also been proposed. The 
bills have not been passed into law [17].

2.5  The CNS in the Radiology 
Department

The CNS has a unique APRN role to integrate care 
across the continuum and through three spheres 
of influence: patient, nurse, and system. The 
three spheres are overlapping and interrelated, 
but each sphere possesses a distinctive focus. In 
each of the spheres of influence, the primary goal 
of the CNS is continuous improvement of patient 
outcomes and nursing care. Key elements of CNS 
practice are to create environments through men-
toring and system changes that empower nurses 
to develop caring, evidence- based practices to 
alleviate patient distress, facilitate ethical deci-
sion-making, and respond to diversity. The CNS 
is responsible and accountable for diagnosis and 
treatment of health/illness states, disease man-
agement, health promotion, and prevention of 
illness and risky behaviors among individuals, 
families, groups, and communities [21].

To be successful, a CNS must understand 
and apply the seven competencies (see below) 
of advanced practice nursing across the three 
spheres of influence regardless of setting or spe-
cialty. Implementing competencies across the 
three spheres can result in improvement in clini-
cal outcomes, patient safety, patient/family satis-
faction, resource allocation, professional nursing 
staff knowledge and skills, advancement of clini-
cal practice, health care team collaboration, and 
organizational efficiency [17].

2.5.1  Direct Clinical Practice

This core competency is central to and influences 
all the other competencies. It is important to note 
that the “3 Ps” that form the core courses in all 
APRN programs (pathophysiology, pharmacol-
ogy, and physical assessment) are not separate 
competences in this understanding, but provide 
baseline knowledge and skills to support the 
direct clinical practice competency. Providing 

regular and consistent direct patient care is essen-
tial and has been shown to improve patient out-
comes and reduce health care costs when CNSs 
and other APRNs are directly involved with 
patient care, including assessing, teaching, coun-
seling, and navigating systems [17].

The author spends the majority of her time 
in the outpatient clinic setting. My job descrip-
tion can be found in Table 2.2. Below are some 
examples from the author’s practice.

• Evaluate patients for potential biopsies. A 
consult is sent by the referring service, the 
chart is reviewed, and the case is presented to 
the interventional radiologist (IR). The images 
are reviewed, and the biopsy is either approved 
or not approved. Most patients are brought 
into clinic for consultation prior to having the 
biopsy. They are complex, with multiple 
health issues and many medications, some of 
which need to be held for a period of time 

Table 2.2 Sample CNS job description

Core privileges in adult clinical nurse specialist
•  Perform health histories and physical exams, order 

and interpret diagnostic tests within protocol 
guidelines within context of collaborative 
management

•  Care of indwelling vascular catheters, chest tubes, 
gastrostomy tubes, gastrojejunostomy tubes, 
cecostomy tubes, sclerotherapy tubes, and abscess 
drainage tubes

•  Discharge patients
•  Initial and ongoing assessment of the medical, 

physical and psychosocial status of patients who are 
young adult or older

•  Initiate admitting starting orders for collaborating 
physician

•  Order and interpret appropriate laboratory studies 
within protocol guidelines and within context of 
collaborative management, recording findings

•  Order restraints per hospital policy
•  Work in specific disease related areas (such as 

diabetes) assessing and managing symptoms, patient 
education and assisting with lifestyle changes

Core privileges in prescriptive core
•  Prescriptive core
Special request privileges: level II clinical nurse 
specialist
•  Enteric tube (non-percutaneous) placement and 

removal
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prior to the biopsy, and then the biopsy is 
scheduled.

• Evaluate patients for venous access when 
undergoing workup for bone marrow trans-
plant. Some have never had access before, 
some have had previous venous blood clots 
and require assessment, and some come with a 
tunneled central line in place that also must be 
assessed for adequacy and appropriate 
placement.

• Evaluate adult cystic fibrosis (CF) population 
for port-a-cath placement. Some have had 
multiple intravenous access, previous venous 
blood clots, and need long-term venous access 
most frequently for antibiotics.

• Consult with patients who are quite anxious 
and want more information on gastrostomy 
tube placement, percutaneous nephrostomy 
tube placement, etc.

• Follow-up with patients after gastrostomy 
tube placement, perform button changes once 
the initial change has occurred and remove 
gastrostomy tubes when no longer needed.

• Assume responsibility for patients who are 
referred from outside the system directly to IR 
for biopsy, to make sure all biopsy results are 
reported to the referring physician and aid the 
provider should they require assistance in 
making further referrals for their patient.

• Work two half days a week in the Women’s 
Specialty Clinic to consult with women who 
have symptomatic fibroids and are interested 
in the uterine fibroid embolization (UFE) pro-
cedure. Assist patients in completing their 
workup, undergoing the UFE procedure and 
the recovery period, providing for and/or 
arranging additional follow-up.

2.5.2  Consultation

This core competency is both a skill and an art, 
and requires knowledge, experience, and an 
integration of the essential aspects of the CNS 
role that are brought into clinical practice. The 
word consultation has also been interchanged 
with the words clinical consultation, comanage-
ment, referral, supervision, and collaboration. 

Examples of consultation could include APRN to 
APRN, APRN to physician, APRN to staff nurse, 
or APRN to committee [17].

A few years ago, the hospitalists brought to IR 
a change they wanted to see happen. At that time 
all of the outpatients who had gastrostomy tubes 
placed in IR were staying overnight following 
their procedure. The hospitalists wanted to see 
changes for many reasons: (1) patients seemed 
low risk and the hospitalists assessment was that 
they could be done as outpatients, (2) patients 
were not using intravenous pain medication over-
night, (3) some were getting their tubes at the 
start of radiation therapy and so did not need to 
start tube feeding, and (4) beds were not easy to 
obtain and this population needed to be evaluated 
as a possibly to be done on an outpatient basis.

The author reviewed the literature and found 
that there was scant IR literature about perform-
ing this procedure on outpatients. The author 
went on the Society of Interventional Radiology 
(SIR) listserv and asked the IR physicians who 
were performing the gastrostomy tube place-
ment on an outpatient basis about their proto-
cols. A small number of IRs responded and sent 
the author their protocols. The same amount 
responded who were not performing this pro-
cedure. The author’s IR group then developed a 
protocol and guidelines for the outpatient clinics 
to follow to get the patients ready for this pro-
cedure. Pre- and post-order sets were developed 
and the procedure moved forward as an outpa-
tient procedure. The amyotrophic lateral sclero-
sis (ALS) patient population was excluded due 
to concerns for their airway after the procedure 
and/or refeeding syndrome. The process has been 
successful thus far. The author then gave a lecture 
at a nursing conference in 2017 about the retro-
spective review and the process we went through 
to change to the outpatient program. This is just 
one example of the value of a CNS.

2.5.3  System Leadership

The CNS has the ability to manage change and 
empower others to influence clinical practice and 
political processes within and across systems [17].
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The author developed order sets for the more 
common procedures, i.e., angiograms, throm-
bolysis, gastrostomy tube placement, and tran-
sjugular intrahepatic portosystemic shunt (TIPS), 
when she first started in the role in the late 1990s. 
When a second nurse clinician was hired for IR, 
one of her responsibilities was to develop order 
sets for all of the procedures.

Eventually, the order sets became a part of the 
electronic medical record and now we have over 
100 order sets between pre- and post-procedures. 
This was a time-consuming project and took a 
couple of years to complete. The author was part 
of a work group that met with the radiology nurse 
manager, information technology (IT) manager 
who is also a nurse, a nurse clinician from a sister 
hospital in our health care system, and a represen-
tative from pharmacy. This work group built upon 
the existing order sets that had anticoagulation 
algorithms and antibiotic guidelines. The radi-
ologists then approved the order sets. Because the 
work group had only developed adult order sets, 
the author then developed pediatric order sets; 
these were approved by the pediatric radiologist.

Developing order sets is a task that will never 
be completed. As processes change, the order sets 
are updated. The order sets must be reviewed on a 
regular basis. We fortunately have maintained the 
same IT manager, a nurse, over the years. This 
resource has been invaluable to keep the process 
flowing smoothly.

2.5.4  Collaboration

It is working jointly with others to optimize clinical 
outcomes. The CNS collaborates at an advanced 
level by committing to authentic engagement and 
constructive patient, family, system, and popula-
tion focused problem solving [17].

The hospital system where the author works 
at has a large cystic fibrosis (CF) population. The 
CF physicians approached the author because 
they wanted IR to place gastrostomy tubes as 
MIC KEY™ buttons at the time of initial place-
ment. This was a change in practice for IR. The 
author reviewed the literature and found articles 
for the radiologists to review in support of this 

change, and in this population they have agreed to 
perform this procedure. There is also an inpatient 
CNS for the CF population that the author works 
with on a regular basis to consult on patients with 
that are having issues with their buttons. In the 
outpatient setting there are also resource nurses 
that the author utilizes regularly.

The author participates in tumor board con-
ferences to discuss patients that are in need of 
various biopsies. The lung tumor board meets 
weekly to discuss lung nodules. We review the 
patient’s history—smoking, health issues, previ-
ous scans, size of the nodule, how easy is it to 
biopsy, etc. [27]. If the biopsy is approved, then 
the author will see the patient in imaging consult 
clinic to discuss the procedure, prep the patient, 
and schedule the biopsy. There are two CNSs 
that work with the pulmonologists and thoracic 
surgeons, and we manage the patients between 
tumor board, biopsy, and return of the results.

2.5.5  Guidance and Coaching

This core competency is an effective means to 
engage patients in change leading to healthier 
lifestyles [17].

One of the populations that frequently need 
a biopsy are patients that are smokers and they 
have a lung lesion. The pulmonary CNSs have 
already coached the patients about quitting. Tools 
have already been provided to the patients. They 
are offered pharmacological agents. My role is to 
inform the patients that a potential complication 
of lung biopsy is pneumothorax, they may need a 
chest tube and be admitted to the hospital where 
they won’t be allowed to smoke. The patient 
needs to be prepared for this scenario and use the 
tools that the pulmonary CNSs have given them.

2.5.6  Research/Evidence-Based 
Practice

This includes the search for, interpretation of, 
and use of evidence in clinical practice and qual-
ity improvement, as well as active participation 
in the conduct of research [17].
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The author has worked with pharmacy, IT, the 
radiologists, and a nurse clinician from a sister hos-
pital in our health care system to update and expand 
algorithms for holding of anticoagulants for vari-
ous procedures. This was a several month project. 
We had to review the literature, and found our list 
of drugs was much more detailed than the list pub-
lished by SIR. We compared our list to other hos-
pital lists that we found available on-line, brought 
the lists back to the two different radiology groups, 
came up with comprises and then agreed on the 
compromises to develop “the list.” This effort will 
be an ongoing process as new drugs come on the 
market, new procedures are developed, and new 
guidelines are published in the literature [28].

The author developed antibiotic guidelines as 
pre-procedure medications. The guidelines were 
based upon surgical guidelines and available radiol-
ogy guidelines. The guidelines are reviewed yearly.

2.5.7  Ethical Decision-Making

Identifying, articulating, and taking action on 
ethical concerns at the patient, family, health care 
provider, system, community, and public policy 
levels are concerns for the CNS [17].

In 1996, when the UFE procedure was intro-
duced into the USA, insurance companies in the 
state of Minnesota did not want to pay for the pro-
cedure, stating it was experimental. The lead phy-
sician, David Hunter, MD, who the author worked 
with wrote the state attorney general pleading 
our case as to why insurance companies should 
cover this procedure. Patients also wrote the attor-
ney general. After many months, slowly we were 
able to gain approval. We performed our first 
case in July 1997. The radiologists and the author 
have partnered closely with the Women’s Health 
Specialty Clinic to have a formal fibroid program.

2.6  The Author’s Role

The author has been in her current position for 
25 years and over time her responsibilities have 
changed. The radiologists knew they needed an 

advanced practice nurse, but they were not sure 
what to do with one, so the author did not delay 
in establishing a new role. In the beginning the 
author strictly had an inpatient presence and 
made daily rounds.

Nurses have been in the radiology depart-
ment at the University of Minnesota since 1974 
and when the author started in 1994 there were 
11 working in radiology, the majority practic-
ing in IR for sedation purposes. There was no 
formal pre- or post-procedure area. One nurse 
had developed simple teaching pamphlets for 
every test. There were no order sets. No patients 
were called to prepare them for their tests. The 
author worked in IR for 10  years before the 
pre/post-sedation unit opened. It was a painful 
process to get patients ready and recover them 
until this happened. A pre-call nurse was added 
about the same time the pre/post-sedation unit 
opened.

The author developed more in-depth teaching 
booklets for the more complex procedures, i.e., 
angiograms, vascular stents, inferior vena cava 
(IVC) filters, venograms, drainage tubes, gas-
trostomy tubes, TIPS, port-a-cath, and tunneled 
central lines. When the hospital opened their own 
patient learning center, they took over the main-
tenance of the teaching booklets, eventually put-
ting them all on line.

IR placed internal ureteral stents in women 
who were undergoing treatment for gynecologi-
cal cancers. The radiologists dictated in their 
reports that the patient should be seen every 3 
months to follow up on these stents and that 
the stents should be changed every 9 months. 
As long as the patients care remained at the 
University of Minnesota the patients maintained 
their appointments. However, what the author 
discovered was that many patients were not get-
ting appropriate follow-up. One of the author’s 
first quality  assurance projects was to find the 
“lost to follow-up” patients and get follow-up 
care organized. The concern was that the longer 
the stents are left in place, they could become 
occluded and/or infected. The author also devel-
oped a patient teaching booklet that the patients 
received at the time of placement to help with 
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education and the author personally followed 
up with the patients. The author eventually edu-
cated the gynecologic oncology inpatient unit 
and outpatient clinic staff to have support in the 
follow-up with the patients [29].

The author was the first clinical nurse special-
ist hired and the first to bill for patients in her 
organization. The person who was in the billing 
department was very meticulous with the author 
about what elements I needed to include in my 
notes for reimbursement. The author knows bill-
ing still scrutinizes the notes that are written for 
thoroughness.

For many years the author also supported the 
radiologists in the startup of their consult clin-
ics. We saw patients with vascular malforma-
tions, venous and arterial disease, oncology, and 
lymphedema. Now there are two nurse clinicians 
who support the radiologists in their practices.

2.7  CNS in Other IR Settings

The author has had personal communications 
with CNSs in the state of Minnesota who have 
been trained in other facilities to perform venous 
sclerotherapy procedures by their attending 
radiologists; they also assist with the laser pro-
cedures. Still other CNSs have been trained to 
perform thoracentesis and paracentesis.

CNSs can be trained to do sinograms and 
abscess drainage catheter injections and follow-
 up; chest tube checks and removal; placement of 
central venous lines, arterial lines, and peripher-
ally inserted central catheters (PICC); arterial 
catheter removal and achievement of hemostasis; 
and image-guided procedures including spinal 
injections, joint infections, aspirations, arthrog-
raphy, fluid collection/aspiration/drainage pro-
cedures, bone/soft tissue biopsy, and chest tube 
insertion. To obtain privileges, the CNS would 
need a letter or certification from a training course 
specific to the procedure or letter from collabo-
rating/sponsoring physician indicating training 
specific to the procedure has successfully been 
completed and documentation of 25 cases within 
the past 24 months for each privilege requested.

2.8  CNS in the International 
Setting

The CNS role was introduced in Canada and 
the United Kingdom at the same time as in the 
USA in response to rising complexity and spe-
cialization of health care and the need for clinical 
expertise, education, and leadership to improve 
care delivery and patient outcomes, develop nurs-
ing practice, and support nurses at the point of 
care. In the 1990s and 2000s the CNS role has 
been introduced in China, Japan, Hong Kong, 
New Zealand, Australia, the Republic of Korea, 
Taiwan, and Thailand. CNS education varies 
among the countries; titling is inconsistent mak-
ing it difficult to tell if the nurse is specialized or 
truly an advanced practice nurse. Like in the US, 
CNSs provide care in a variety of settings [30].

2.9  Conclusion

The author feels that the CNS role in radiology 
has been enriched by her involvement in the 
Association for Radiologic and Imaging Nursing 
(ARIN) [31]. The yearly conferences that the 
author has attended have allowed her to network 
with other advanced practice nurses, keep up to 
date on practice, give lectures, and present post-
ers. The physicians that the author has worked 
with over the years have been encouraging and 
supportive when the author was on the ARIN 
Board of Directors. The CNSs role is very unique 
in radiology and one has to actively seek out a 
support system and mentors.
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Radiology Nurse Manager

Valerie Aarne Grossman and Alexandra Penzias

3.1  Introduction

Leading a successful nursing team is a care-
ful balance of evidence-based methods with a 
high degree of compassion and understanding 
of a multi-generational group of professionals. 
Selecting quality candidates, creating appropriate 
orientation plans for each individual, and working 
tirelessly to retain team members are essential for 
every nurse manager. Nurse managers may also 
be responsible for budgets, incident investigation 
and resolution, project management, mentoring 
others, and continual self- reflection and learn-
ing. This chapter will assist the reader in learning 
strategies to be successful in this important role.

3.2  Staff Recruitment 
and Candidate Selection

Radiology nurse managers are presented with 
the challenge of how to recruit, orient, and retain 
nursing talent while managing the costs associ-
ated with attracting and retaining. Having a clear 
understanding of the operations scale, com-

plexity, logistical needs, and patient population 
served, the specific role of the nurse in procedural 
care as well as the regulations impacting nurse 
practice in the local jurisdiction all have impli-
cations in candidate recruitment, selection, and 
training.

High-quality orientation is associated with 
lower attrition [1, 2] and improved patient out-
comes [2]. The costs associated with delivering 
a high-quality orientation are considerable; sub-
sequent analysis of type of radiology practice, 
complexity, proximity to or association with a 
medical center, and target patient population 
should be considered. Nurses working in a large 
volume, tertiary care interventional radiology 
department require a different skill set than those 
working in an exclusively outpatient diagnos-
tic setting. The goal of orientation is to provide 
nurses with the knowledge, skills, and attitudes 
to provide safe, high-quality patient care as well 
as to assimilate into the team and develop as a 
successful team member.

Radiology nursing requires a vast knowledge 
base, and a unique skill set [3], inclusive of strong 
critical thinking and patient advocacy skills. It is 
a relatively new and emerging specialty and few 
pre-licensure nursing programs include radiol-
ogy nursing considerations in their curriculum 
[4]; subsequently nurse managers in a radiology 
practice must anticipate providing a comprehen-
sive, competency-based orientation for newly 
hired nurses.
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Nurses recruited for a diagnostic radiology 
setting require comprehensive physical assess-
ment, vascular access, and emergency manage-
ment skills. In contrast, nurses working in a 
tertiary care interventional setting inclusive of 
vascular, nonvascular, neuro-interventional, and 
cardiovascular interventions require additional 
comprehensive assessment, hemodynamic moni-
toring, familiarity with care of the ventilated 
patient, and emergency management skills, as 
well as an understanding of the major nursing 
considerations associated with the care of the 
specific patient populations seen in that setting.

3.2.1  Candidate Skills 
and Characteristics

Recruiting nurses from nursing specialties with 
similar core competencies ensures a candidate 
pool with a skill set that is applicable in the radi-
ology setting. This may reduce the duration of 
orientation and improve the likelihood of success. 
Candidates with prior knowledge of procedural 
settings may have the largest transferrable skill 
set. The comprehensive, high acuity care provided 
in critical care settings require a skill set like that 
required by a registered nurse (RN) caring for a 
high acuity patient undergoing an emergent inter-
ventional procedure. RNs with emergency depart-
ment experience may bring excellent vascular 
access, critical care skills, and an operational 
understanding of patient throughput.

Alternatively, some leaders may elect to recruit 
newly licensed or novice nurses who are inquisi-
tive and show an essential skill set of being a team 
player. In a competitive employment market, hir-
ing newly licensed or novice nurses may seem 
financially advantageous; however, this popu-
lation may require additional time investment 
during orientation to cultivate both clinical and 
nonclinical skills necessary for success.

3.3  Interviewing

Interviewing presents an opportunity to meet 
and educate prospective candidates to radiol-
ogy nursing. Unlike other established special-

ties, radiology nursing practice is evolving and 
differs across practice settings; subsequently, the 
process to recruit and interview nurses should be 
driven by nursing. All members of the radiology 
nursing leadership team should be included in the 
interviewing process as well as representation of 
the staff nurses, where possible. Each member of 
the team has unique insights into a candidate that 
may prove valuable to the process.

3.3.1  Pre-interview Process

Following a review of the application and cur-
riculum vitae, the interviewing team should con-
vene to establish the format for the interview, and 
key questions they would like to ask the candi-
date. This ensures the greatest yield of candidate 
information within the context of the interview. 
The opening phase of the interview consists of 
introduction of the team, and inquiry regard-
ing candidate interest, posed as an open-ended 
question. The tone of the interview should be 
conversational, interactive, and paced to provide 
multiple opportunities for the candidate to ask 
questions. Planning and structuring the interview 
experience allows both the leadership team and 
the candidate an opportunity to determine if the 
candidate’s attributes are a good fit for the role, 
the organization, and the radiology team. The 
goal of any recruitment process is to ensure that 
the candidate has the knowledge, skills, and atti-
tudes to match the needs of the department, has 
the aptitude for success, and exhibits the poten-
tial to support the mission, vision, and values of 
the organization.

3.3.2  Interview Content

Radiology nursing is unique, and the configu-
ration, size, scale, and specialty practices can 
be heterogeneous; subsequently even for candi-
dates with prior procedural or radiology nursing 
experience, or those pursuing an interdepart-
mental transfer, a description of the department, 
its leadership structure, services offered, case 
mix, volume, and patient populations served is 
beneficial.
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Following an overview of the department 
and description of the role, the use of questions 
that link the candidate’s previous experience 
with situations that may arise in the radiology 
setting is both informational for the candidate, 
while providing an opportunity to evaluate criti-
cal thinking, knowledge, and attitudes. In insti-
tutions with a strong focus on nursing practice 
excellence, or process improvement, questions 
specific to a candidate’s desire to pursue certi-
fication, advanced degrees, participate in qual-
ity and safety initiatives, or a shared governance 
council can be beneficial in identifying candi-
dates that represent the mission, vision, and val-
ues of the organization.

The nurse manager responsible for orienta-
tion should be present during the interview to 
provide the candidate with an orientation over-
view and transition to practice process. This 
aspect of the interview provides an opportunity 
to ask about learning styles, and attributes that 
might be beneficial to selection of an appropri-
ate preceptor. Additionally, it provides the can-
didate an idea of the learner expectations, and 
learning curve required to transition. If possible, 
including preceptors in the interview process 
can provide the candidate with the consumer 
perspective of the orientation experience and 
insight into the nurse role.

3.3.3  Post-interview: Tour 
and Observation Experience

Following the formal interview, providing a 
guided tour of the department allows the candi-
date to synthesize the information received dur-
ing the interview, and ask additional questions, 
while meeting other members of the team. If per-
mitted by an institution’s human resource depart-
ment, it is advantageous to provide the candidate 
with direct contact information for follow-up 
questions. If permitted by an institution’s human 
resources, security and occupational health poli-
cies, offering an observation experience in which 
the candidate may follow a clinician for a period 
(4–8 h) after the interview allows the candidate 
an opportunity to ask clinical staff questions that 
they may not have had the chance or the courage 

to ask during an interview. This also provides a 
chance for departmental staff to be a part of the 
candidate/team selection process.

3.4  Orientation

Careful consideration and development of the 
structure and process of providing orientation 
are essential to achieving the goal of cultivating 
a clinician with the knowledge, skills, and atti-
tudes to support an organization’s mission, vision, 
and values in delivering safe, high-quality care 
and a positive patient experience. The content of 
the orientation is influenced by national scope 
and standards of practice, state boards of nurs-
ing, regulatory requirements, such as The Joint 
Commission, specialty, and additional accredita-
tion standards. Orientation is a learner focused 
experience. Departmental characteristics, culture, 
resources, and learner characteristics are driv-
ing forces in determining the content and process 
of delivering orientation education and training. 
Orientation represents a partnership between the 
newly hired clinician (orientee), the leadership 
team, preceptor, and other staff involved in educa-
tion to prepare an individual for safe entry to prac-
tice into a new practice environment.

3.5  The Regulatory Landscape

Scope of practice for nurses and advanced practi-
tioners is determined by state boards of nursing in 
the USA (or international equivalent) and varies 
across jurisdiction. State scope and practice regu-
lations may have implications for many aspects 
of a radiology practice operation, from nursing 
staffing levels, mandates for provider presence 
in areas where medication are  administered, pre-
scribing privileges (absolute and specific) and the 
level of sedation/analgesia that can be delivered 
by an RN or certified registered nurse anesthetist 
(CRNA).

Advanced practitioners (nurse practitioner 
[NP], clinical nurse specialist [CNS], physician 
assistant (PA), and CRNA) require further cre-
dentialing on an institutional level, with physician 
oversight. In many jurisdictions across the USA, 
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nurse practitioners and physicians’ assistants are 
recruited and hired interchangeably, while in 
others, nurse practitioners may practice autono-
mously [5]. Hiring registered nurses or advanced 
practitioners across state and federal lines may 
influence scope of practice, have implications for 
the depth and breadth of orientation needed, and 
may be associated with delays in licensure and 
credentialing.

State funded health agencies determine and 
monitor the regulations with which institu-
tions must comply in the provision of patient 
care. These agencies assert both direct and 
indirect influence on clinician licensure, cre-
dentialing, and orientation needs. They also 
assert direct influence over clinician educa-
tion through educational mandates to boards 
of registration. Clinician compliance is criti-
cal to an institution’s ability to demonstrate 
compliance with state mandates, subsequently 
asserting an indirect influence on the orienta-
tion needs of newly hired clinicians. In some 
jurisdictions, independent organizations also 
credential radiology organizations, such as The 
Joint Commission [TJC], Det Norske Veritas 
Healthcare, Inc. (DNV), Healthcare Facilities 
Accreditation Program (HFAP), or specific 
programs (American College of Radiologists 
[ACR]). Participation in these credentialing pro-
grams can influence reimbursement for services 
and market share. In a competitive health care 
market, maintaining the highest level of creden-
tialing is critical to financial viability, patient 
safety, and has significant implications for the 
education needs of clinicians.

3.6  Department Characteristics

Radiology practices vary in size, scale, specialty, 
service affiliation, services provided, and popu-
lations served. Departments of larger size and 
scale may employ advanced practitioners, spe-
cifically nurse practitioners (NPs), physicians’ 
assistants (PAs), radiology practitioner assistants 

(RPAs), and CRNAs, in addition to registered 
nurses (RNs). As the complexity of a practice 
increases, so do the regulatory requirements spe-
cific to practice, and the education, training, and 
credentialing need of its clinicians. Through a 
comprehensive survey of an individual radiology 
practice, nurse managers can determine what the 
essential elements of orientation should be for a 
specific department.

3.7  Learner Characteristics

Learning, or the acquisition of knowledge or skill 
by instruction or study, is essential to the orien-
tation process. Psychologist David Kolb (1984) 
described learning as the constructive, cumu-
lative, and goal-oriented process that involves 
creating knowledge through transformation of 
experience. Malcolm Knowles, referred to as the 
father of androgogy (adult learning), identified 
some basic assumptions of adult learning which 
distinguish it from pedagogy. Adults bring the 
richness of life experience to the learning envi-
ronment. According to Knowles, adults are self- 
directed. An individuals readiness to learn and 
pursue knowledge is based on what is believed to 
be relevant, and new knowledge must be immedi-
ately applicable to experiences.

While the learning objectives in any given situ-
ation will be specific, learning ability, style, and 
preference are unique to an individual. Fleming 
[6] identified sensory-based learning. While 
one learner may respond to reading volumes of 
material on a topic, another may prefer watch-
ing videos, listening to podcasts, or participating 
in simulation [7]. Adult learners may be able to 
articulate their learning style directly, or through 
inventory analysis. For advanced practice lead-
ers responsible for providing education, under-
standing a clinician learning style is essential to 
designing an education (orientation and ongoing 
competency) program that is effective to the dis-
semination of information and adoption of the 
skills for practice.
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3.8  Radiology Societies 
and Associations

Professional and specialty organizations, such 
as the Association for Radiologic and Imaging 
Nursing (ARIN), the American College of 
Radiology (ACR), the Society of Interventional 
Radiology (SIR), the Royal College of Radiology 
(RCR), and the European Society of Radiology 
(ESR), provide representation for its members, 
provide standards of practice and education, and 
promote and disseminate research and publica-
tions specific to the specialty. Radiology clini-
cians are encouraged to use the resources made 
available by these and other specialty organiza-
tions to guide their clinical practice.

3.9  Orientation Content

Clinician education and training are critical to 
providing safe, high-quality patient care and an 
exemplary patient experience. Specifically, clini-
cians require didactic education, skills training, 
and specifically mandated credentialing for each 
patient population, radiologic procedure, nurs-
ing intervention, and phase of care for which 
they will be responsible. Orientation content spe-
cific to institutional, certification, and regulatory 
requirements must be included. The Association 
of Radiology Nurses (ARIN) defines the scope 
and standards for radiology nursing practice and 
education [8]. Additionally, education and prac-
tice standards, and useful curriculums, are avail-
able through specialty organizations such as the 
American Association of Critical Care Nurses 
(AACN), the Oncology Nurses Society (ONS), 
the Infusion Nurses Society (INS), the American 
Society of Perianesthesia Nurses (ASPAN), and 
the Association of periOperative Registered 
Nurses (AORN).

Orientation content should be reviewed at 
established intervals and as necessary to remain 
current, relevant, and achieving the necessary 
learner and departmental outcomes. Content 

should be structured around core objectives 
that are relevant, achievable, and measurable. 
Competency statements must be clearly stated. 
Use terms such as “demonstrates, articulates, 
states, calibrates,” which are observable and mea-
surable. Competency statements should be linked 
to an approved, established, evidence-based 
procedure, policy, or protocol. For example, 
“Demonstrates the care of a patient undergo-
ing moderate sedation in accordance with the 
Moderate Sedation policy #3.01.” In this situa-
tion, the statement is linked to a specific policy 
which delineates the role of the RN.

3.9.1  Content Delivery

Successful delivery of orientation content, cre-
dentialing, and clinician education begin during 
the pre-hire phase, at the time of interview, and 
continues throughout the process of employment. 
Members of the radiology nursing leadership 
responsible for education should be present at the 
time of interview to inquire about the prospective 
candidate’s previous experience with orientation, 
continuing education, and learning style.

An evidence-based, structured orientation that 
specifically addresses the education, training cre-
dentialing, regulatory requirements of clinicians 
in a specific context should engage the learner, 
matching content delivery style with learning 
style. Pace, content sequencing, and delivery 
must be done to allow the learner to ask questions 
and link prior knowledge to new information and 
experiences. By incorporating multiple learning 
modalities, allowing the newly hired clinician to 
directly apply new knowledge and skills in the 
practice setting, and providing structured feed-
back, learning is enhanced, and challenges can 
be identified early.

Orientation is a learner-focused experience, 
but one that requires the learner to actively 
engage and prepare for each session, where the 
classroom experience serves to validate and 
 clarify independent learning. Sequencing of 
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learning opportunities (clinical, didactic, and 
simulation) in increasing complexity allows the 
learner to cultivate their knowledge, skills, and 
critical thinking. Utilization of multiple learn-
ing modalities provides a varied and interesting 
experience that continues to engage the learner 
and provides educators an opportunity to deter-
mine which modality is most effective for each 
learner.

The emergence and adoption of learning 
management systems is one method institutions 
employ to meet regulatory/mandated education 
requirements. Learning management systems 
present an efficient means of disseminating infor-
mation. This method engages the visual/reading 
learner, can be self-paced, and provides an audit-
able trail for assignment completion. Interactive 
learning modules are becoming increasingly 
sophisticated, engaging learners in learning com-
plex algorithms and processes (e.g., advanced 
cardiac life support); they are, however, limited 
in their ability to evaluate highly technical skills 
and procedures.

Utilization of the lecture-discussion method 
provides a forum for dissemination of essential 
information about patient characteristics, patho-
physiology, imaging, and intervention and case 
study analysis provides an opportunity to engage 
learners to reflect on clinical experiences and 
demonstrate critical thinking through discussion. 
Creating case studies based on clinical scenarios 
that are relevant to a clinical setting can integrate 
learning about patient, procedure, policy, and 
protocol related information. Case study analysis 
can be utilized as a preparatory or an evaluation 
exercise for clinicians.

Skills sessions utilizing task trainers and sim-
ulation manikins are essential in teaching, and 
evaluating the learning of specific, highly tech-
nical skills. This teaching method is well suited 
to essential skills that require practice, dexterity, 
and mastery, such as vascular access, suction-
ing, urinary catheterization, or cardiopulmonary 
resuscitation. Institutions without simulation 
facilities may use models for teaching skills such 
as port access and collaborate with other depart-
ments such as endoscopy area to assist orientees 
in learning vascular access skills or the intensive 

care unit to learn critical care skills. Learners 
arrive at the skills session having completed pre-
paratory reading to understand the procedure, 
protocols and process underlying the skill to be 
learned. The session serves to synthesize knowl-
edge with the new skill. Processes or situations 
that are complex, high stakes, and/or team based 
benefit from the use of high-fidelity simulation. 
Though cost-intensive, high-fidelity simulation 
offers learners the best alternative to learning in 
an actual clinical situation.

3.9.2  Clinical Training

Supervised clinical training provides an experi-
ential learning opportunity. To facilitate learning, 
experiences should increase in complexity as the 
learner demonstrates mastery, with didactic edu-
cation and skill sessions preceding clinical expe-
rience. The clinical supervisor/preceptor acts as 
a teacher and serves to facilitate new clinician 
assimilation into departmental/institutional cul-
ture. The clinical supervisor/preceptor is an expert 
clinician who acts as a departmental role model 
with an interest in teaching and play a critical role 
in the new clinician’s success.

In conjunction with the department educa-
tor, the clinical supervisor/preceptor supports 
the education experience of the new clinician, 
providing information, structured feedback, role 
modeling best practice, patient advocacy, and 
team behaviors. As skill mastery is achieved, the 
clinical supervisor/preceptor gradually allows the 
learner to assume greater responsibility for care 
of a patient, or patients.

3.9.3  Preceptor Development

The preparation of clinicians to supervise or pre-
cept capitalizes on clinical expertise to build coach-
ing/mentoring and teaching skills needed to impart 
both clinical and nonclinical skills on junior clini-
cians. Clinicians involved in training staff should be 
proficient or expert clinicians, with a commitment 
to quality, strong  communication and advocacy 
skills, and have a genuine interest in developing 
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their team. According to Benner [9] proficient cli-
nicians perceive situations, and their decisions are 
guided by experiences. Proficient nurses can mod-
ify a plan of care as needed. By comparison, the 
expert nurse, with their extensive knowledge base, 
may have a more intuitive and instinctual grasp on 
a situation and respond instinctively without the 
ability to articulate a clinical action in concrete 
terms. In this respect, a proficient nurse may be 
a better choice as a preceptor for a novice, whose 
understanding of a clinical situation is bound by 
rules, facts, data, and details.

For many established clinicians, supervising 
new staff presents an opportunity to develop the 
nonclinical skills needed to pursue leadership 
roles. Training of staff interested in supervising 
junior clinicians is essential to assisting the newly 
hired to develop competency, ensuring positive 
outcomes and ensuring retention of newly hired 
staff [2, 10, 11]. Training of supervising clinicians 
can be achieved through a blended learning model 
[2]. This model satisfies the needs of different 
learners and optimizes the use of various modali-
ties for different types of content. Online learning 
[12] is an efficient means of offering foundational 
and theoretical content, such as principals of adult 
learning, learning methods, and principals of 
teaching. Critical communication and feedback 
skills are supported through 1:1 coaching with an 
educator, the use of simulation [13], and a class-
room environment for group discussion about 
clinical situations and nonclinical skills.

The goal of orientation is to provide the ori-
entee with the knowledge, skills, and attitudes 
need for safe entry to practice into a new spe-
cialty. Benner’s [9] landmark work, “From 
Novice to Expert,” based on the Dreyfus Model 
of Skill Acquisition, provides preceptors with 
foundational knowledge on how to identify skill/
knowledge acquisition. Discussion of Benner’s 
work with potential supervising clinicians pro-
vides a foundation for discussing the progres-
sion through the orientation process. Additional 
material about adult learning and learning styles 
is beneficial to supervising clinicians to support 
novice clinicians with varying learning styles.

Supervising clinicians must have a clear 
understanding of the orientation process and 

expectations, and access to all the resources 
needed during the orientation period. Challenges 
common to supervising clinicians include iden-
tifying and confronting gaps in practice, how 
and when to allow the orientee to assume more 
responsibility for increasingly complex care, and 
how to provide constructive feedback.

3.9.4  Feedback

Feedback, both positive and critical, is essen-
tial in high performance organizations [14] and 
should be an integral element of team com-
munication. Providing feedback, positive and 
critical, is a skill that can be cultivated. Nurses, 
particularly those in leadership and supervi-
sory roles, must understand the structure and 
process of providing both real-time and formal 
feedback to orientees and staff. Supervising 
clinicians can cultivate critical communica-
tion skills through training inclusive of strate-
gies described in the TEAM STEPPS® [15], or 
Crucial Conversations/ Crucial Confrontations 
(VitalSmarts®) programs. These skills assist the 
clinician in speaking up in high stakes situa-
tions, as well as providing feedback in a man-
ner that engages collaboration and minimizes 
alienation [14].

During the orientation period, written feed-
back should be submitted weekly to the lead-
ership team by the supervising clinician, with 
follow-up for any identified learning gaps. 
Additionally, regular meetings between the 
orientee, supervising clinician, and the nurs-
ing leadership team provide an opportunity to 
review progress, challenges, practice gaps, and 
goals. Despite having established criteria for 
hiring, evidence-based orientation content and 
processes, not all newly hired clinicians will 
progress at the same rate [11], some may exhibit 
unsafe practices, and others may fail to com-
plete orientation. Either by election or due to 
failure to progress along established milestones, 
 identifying at-risk staff early can reduce institu-
tional risk and costs.
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3.9.5  End of Orientation

Orientation is complete when all essential mile-
stones have been met, and the orientee demon-
strates the integration of knowledge, skills, and 
attributes for safe entry to practice. Clinicians 
who have prior experience in a specialty where 
they had a higher level of mastery will exhibit 
greater proficiency when familiar situations pres-
ent themselves. For example, a critical care nurse 
transfers into the interventional radiology spe-
cialty in a tertiary care hospital. At the completion 
of orientation, they are comfortable with the care 
process and protocols and can manage the care of 
elective patients with minimal assistance; when a 
critically ill patient comes to the department for 
embolization of gastrointestinal bleed, the new 
nurse volunteers to assist the team and is able to 
assist the team with management of the patient 
utilizing a combination of established critical care 
skills and their newly acquired radiology nursing 
knowledge.

A formal meeting between the orientee, super-
vising clinician, and the nursing leadership team 
concludes orientation. The structure of the meeting 
summarizes the goals of orientation and reviews 
the junior clinicians experience, soliciting both a 
self-evaluation of their progress, and a summary of 
feedback. The meeting provides an opportunity to 
discuss the expectations specific to entry to practice 
and any additional learning needs the junior clinician 
may have as they begin practicing autonomously. 
Soliciting feedback about the orientation process 
from the junior clinician provides valuable input for 
continued quality improvement.

3.10  Recurrence/Competency 
Training

The content of ongoing education is driven by 
department/institutional characteristics, regula-
tory and accreditation requirements, and ensuring 
staff competency with “low-frequency/high-risk” 
procedures/processes. Production pressures of 
the interventional environment and cost con-
straints limit resource availability for nonclini-
cal activity; subsequently, ongoing or recurrence 

education must be provided effectively with flex-
ibility, creativity, and efficiency to reach all staff, 
regardless of shift assignment, in a manner that 
reviews all required clinical content and provides 
an opportunity for essential skills to be validated 
and documented regularly.

Utilization of learning management systems, 
peer-to-peer skill review, leveraging staff confer-
ence time, and simulation are four modalities for 
meeting annual education requirements. Learning 
management systems provide an efficient means 
to disseminating review of required knowledge. 
Engaging competent, proficient, and expert staff 
to support peer-to-peer skills training, such as 
review of emergency equipment, or point-of-
care testing or documentation reviews, empow-
ers senior staff to participate in the quality review 
and mentorship of staff, while assisting leaders to 
meet departmental goals. High-fidelity simulation 
or simulation utilizing standardized patients can 
evaluate multiple skills, including communica-
tion skills or team-based clinical care. Simulation 
has been determined to help staff learn and utilize 
both clinical and nonclinical skills [16], identify 
early signs of clinical deterioration in a safe envi-
ronment [17], and may be equally valuable as a 
means of developing competence in nurses [18]. 
In situ simulation provides a learning experience 
in a naturalistic setting, minimizing clinician’s 
time away from the department.

3.11  Staff Satisfaction

Staff satisfaction and employee engagement 
are the foundation of everything that happens 
on your team. A team that is committed to their 
department and enjoys being part of their “work 
family” will more naturally participate in proj-
ects, clinical ladders, committees, promotional 
opportunities, national organizations, and sup-
port of each other, and as a result customer 
service will come easily to them. Success with 
employee engagement begins with hiring the 
right mix of people to be on your team. Avoid 
hiring mediocre staff who are critical of others, 
self-centered, or arrogant just because you need 
to fill a staffing vacancy; hire high-energy, posi-
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tive staff who believe in the concept of “team.” 
Staff satisfaction is a complicated goal for any 
leader. Employees have their own personal lives 
and difficulties to deal with, before they even 
walk into the door of your department. While 
they know that personal issues should not 
carry over into their work performance, these 
are human beings and it is impossible to turn 
off emotions. Each employee will have their 
own ability to balance their personal issues and 
focus on the work in front of them. If some-
one is unhappy in their personal lives, it may 
be very difficult to help them be happy in their 
professional life. The radiology nurse man-
ager must give unending attention to employee 
engagement if the team is going to ultimately 
be successful in all that they do for the depart-
ment. Support may be available through human 
resource departments, employee assistance pro-
grams, as well as private counseling services.

The nurse manager has a duty to be an excellent 
role model for the staff. Like all staff, the nurse 
manager is always on stage, every minute of their 
shift. Staff may watch the manager’s every move 
and evaluate their spoken words. The manager 
must hold themselves to highest standard, if they 
want their staff to be held to a high standard as 
well [19]. Engaged employees will follow the lead 
of the manager, while disgruntled employees will 
criticize the manager’s actions and words. A calm, 
positive, “can do” attitude must be set and main-
tained by the manager, who readily and without 
complaint spends time in the department and at the 
bedside. Be on time for work, dress professionally, 
speak in a professional manner, and round in the 
department instead of going right to the desk work 
in your office. Rub elbows with the staff on a regu-
lar basis (all shifts), walk in their shoes, and under-
stand the trials and tribulation they endure every 
minute they are at work. Maintain virtues in your-
self that you want to see in your team. An ego that 
is too large will alienate and break down a team, 
so instead exhibit and promote humility, integrity, 
and morality [20]. When problems occur, solve 
them instead of blaming others or making excuses 
as this is an opportunity to learn and improve [21].

A manager should plan well to provide their 
team with the tools to do their job. These include 

updated policies, working equipment, adequate 
staffing, work schedules conducive with a 
healthy personal life (avoid schedules that rotate 
staff to all three shifts in 1 week!), and ensured 
meal breaks. Be meticulous with proper staffing 
levels to meet the departmental needs: when staff 
repeatedly leave at the end of their shift know-
ing there are unfinished tasks or that they could 
not meet the needs of patients and/or team mem-
bers, it leads to lower team morale and eventu-
ally burnout and lower staff retention rates [22]. 
Through tracking data on patient volume, proce-
dural complexity, and patient acuity, the nurse 
manager can ensure that staffing levels match 
departmental characteristics. Adequate staffing 
levels are associated with higher levels of patient 
satisfaction, better patient outcomes, and staff 
satisfaction [23].

A manager must be an advocate for their 
team members and profoundly loyal to their 
staff members. Invest in your top performers 
as they will become role models for other staff 
members who need to polish their professional 
and social skills [24]. Have the team develop a 
list of acceptable and not-acceptable behaviors 
and hold staff to these behavioral guidelines. 
Promote team building by holding daily hud-
dles, developing a unit council, allowing staff to 
eat together when possible, partake in idle “chit 
chat” during quieter times, promote projects that 
staff are interested in, and provide for a staff 
bulletin board where they can post professional 
pictures, patient comment cards, and other posi-
tive items that reflect the overall personality of 
the team [25]. When staff do present with prob-
lems, the nursing leader must listen carefully 
and attempt to resolve the issue quickly. A leader 
can’t solve problems 100% of the time, but they 
can certainly try 100% of the time. By listening 
to the team’s concerns, and trying to solve the 
issue, the team will see that the nursing manager 
validates their  professional contribution to the 
improvement of their team and their environ-
ment. Team members are more likely to be loyal 
to an organization, if they are first loyal to their 
manager [26]. Promote a “no guilt” department 
where staff know they can take vacations, ask for 
days off, change their shifts with others, or say 
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“no” to the manager’s request (i.e., picking up 
an extra shift). Speak naturally of the staff “tak-
ing care of the caretaker” with healthy lifestyles, 
time off, enjoying their free time, and limit over-
time, especially in staff that are beginning to 
appear tired [27].

It is very important for staff to believe their 
manager appreciates them. Most employees 
spend more at work than with their own families. 
To feel fulfilled, staff must believe their invest-
ment in their job and the team are meaning-
ful. To be truly engaged in their place of work, 

employees need to feel as though their manag-
ers are genuinely interested in their well-being 
[28]. There are endless ways a manager can show 
appreciation to their staff, and they should find 
what works best with their team. Managers must 
be willing to change how they show apprecia-
tion, as when the team members change and/or 
mature, so too will the way they receive apprecia-
tion [29]. Suggested ways to show appreciation 
to staff are listed in Table 3.1.

Through all of this, the manager must develop 
certain skills in order to remain satisfied and 

Table 3.1 Showing appreciation to team members

∙  Provide a work schedule that allows staff to enjoy their own personal lives, while the business needs of the 
department are met. The reason can’t matter to the manager, it is not for the manager to judge (i.e., if someone 
wants Tuesday evenings off so they can bowl, figure out how they can be off even if you hate bowling!)

∙  Assure accurate payroll. If an employee is counting on their check to pay their bills, and their check is inaccurate, 
it can be detrimental to employee morale. Maintaining accurate payroll MUST be a priority for the manager

∙  Greet your staff when you see them come in, and say “good bye” when they are leaving
∙  Engage conversation topics of importance to them (the new puppy, the vacation, etc.)
∙  Treat staff equally. (If you bring in snacks for the day shift, be sure to also have something available for those who 

are working later shifts.)
∙  Avoid holding a grudge towards challenging employees
∙  Find ways to lighten the mood at random times
∙  Keep a supply of snacks in your office. Staff appreciate having a quick snack on those chaotic days or when they 

are in on call and get hungry
∙  Allow the staff to be the individual professional they strive to be. Everyone is different, they have different goals 

and perspectives. Find out what they want, what’s important to them, and mentor them as they need. When they 
feel whole, they will more easily support the mission of the organization

∙  Review attendance records quarterly, and send out letters to those with perfect attendance. It is difficult to balance 
home and work, and for those employees who are able to develop that balance, they appreciate when their 
manager notices. Discuss the importance of coming to work during the interview (i.e., “some people call in sick 
when they have a flat tire, others call and say they’ll be 2 h late … we hope that you would be the person who 
comes in 2 h late”)

∙  Take the opportunity after challenging days to send a text or email message to your team thanking staff for a job 
well done

∙   Promote loyalty when you speak to your team. Be loyal to your employer, be loyal to colleagues, and be loyal to 
your team members. Redirect others who may speak negatively about your team or your employer. Develop a 
longevity program. Suggestions may include an extra weekend off after a year of service, or no call shifts after 
5 years of service. Work with the team to create the suggestions, and decide what incentives the department can 
support and sustain

∙  Whatever your team needs, be sure they recognize that you appreciate them. They have to believe in their hearts, 
that they “matter” to the manager. Leaders must genuinely be interested in the well-being of their team members

∙  Promote their participation on committees, both departmental and organizational. Plan the schedule for them to 
have the release time needed to attend their meetings

∙  Meet with individual team members regularly (i.e., quarterly). Find out what is important to them, their goals, and 
their satisfaction with their current role/schedule/assignment/etc. Because much can change in a short period of 
time, it is essential for the manager to stay connected with each employee

∙  When talking with staff, give them your undivided attention. Use active listening: pay attention to their nonverbal 
communication, maintain eye contact, ask clarifying questions when appropriate, validate their feelings, and ask their 
permission to take notes. Avoid interrupting them, looking at your text messages, answering your phone or door
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effective in the leadership role. Honesty is a 
must; staff must be able to develop trust in their 
manager in order for the team to truly grow to 
its fullest potential [32]. Don’t sugar coat the dif-
ficult conversations, but at the same time don’t 
spread doomsday messages either. Freely give 
pep talks, be positive. Remind staff that if 90% of 
their day is challenging and 10% is great, focus 
on that 10% (and chances are, they’ll discover 
additional things that are positive in their day!). 
If staff have complaints or concerns regarding a 
certain action or decision the manager made, lead 
a professional conversation instead of mount-
ing a defense. Feedback needs to freely flow in 
both directions between a team member and a 
manager.

Managers must be good listeners, with a thick 
skin. Employees should feel safe to come into the 
manager’s office where they can vent (and not all 
employees know how to vent in a professional 
manner). Help employees work through their 
issues and teach them how to communicate their 
frustrations when necessary. When a manager 
must counsel an employee, allow them to main-
tain their dignity and to learn from their mistake 
(whenever possible). Give employees control 
whenever and wherever possible; they are adults 
and professionals. Support their ideas for proj-
ects, help them access information and tools they 
may need, and mentor them as is appropriate. 
Give them control of their environment where 
possible such as picking paint colors, adjust-
ing schedules, setting up work areas, or being 
involved with renovation plans [33]. Managers 
must also keep an eye out for incivility among the 
team and intervene quickly and directly. Bullying 
has been around since the late seventeenth cen-
tury and it cannot be tolerated in today’s work 
place [34]. Damage to a team can occur quickly if 

poor behavior is not addressed immediately and 
adequately.

3.12  Manager Self-Reflection

Self-reflection is essential for any manager to be 
successful. The commute home at the end of a 
day is a great time to ask yourself the questions 
in Table 3.2.

The role of the radiology nurse manager is a 
very difficult one. Maintaining a healthy and pro-
fessional team who recognizes the honor bestowed 
upon them each time a patient allows them to pro-
vide care is a challenging and rewarding oppor-
tunity for the department nursing leadership. Stay 
fresh, allow yourself to learn every day, and take 

Table 3.1 (continued)

∙  Maintain your office as a “safe place.” Whether conversations are regarding positive topics, disciplinary purposes, 
or any type of conversation: treat your employees as adults and professionals

∙  Respond within a timely manner if your employee leaves you a voicemail, sends a text message or email as this 
reinforces the importance they play in your daily responsibilities

∙  If your employee is receiving a company award or a community award, attend the ceremony
∙  Support their educational advancement (college, inservices, conferences, etc.)

Adapted from Refs. [28, 30, 31]

Table 3.2 Nurse manager self-reflection and continued 
growth

∙  What worked well today? What could have worked 
better and how?

∙  What problems did you see? Solve? Ignore? Delegate 
to someone else?

∙  What patient issues did you see? How did you/we 
solve them?

∙  What equipment issues did you encounter? Are they 
resolved? What needs to be addressed tomorrow?

∙  If today’s world was perfect in your department, what 
would it have looked like? How can we get there? 
What do you need from others or yourself?

∙  When you think of your team members, what skills 
would you like to mentor them in developing?

∙  If your feelings were hurt, assess the circumstances 
and work to heal those emotions before going back to 
work. Avoid holding a grudge

∙  Manage your own mood, stay positive
∙  Show your presence on all shifts (e.g., go in on off 

shifts to conduct a performance review, assist with 
volume surge, computer downtime, etc.)

∙  Gather facts before passing judgment
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nothing for granted. Your team and your patients 
depend on you, to be your very best every day.

3.13  Budget Consideration

In many settings, a radiology nurse manager may 
have a rather small budget in comparison to the 
budget maintained by the program director and/or 
chief radiologist [35]. Equipment (scanners, cam-
eras, high tech X-ray machines, etc.) in this set-
ting is costly and outdates quickly [36]. A nurse 
manager may have a salary budget and perhaps an 
operational budget which could include office sup-
plies, educational purposes, small equipment (lead 
aprons, cardiac monitors, procedure carts, critical 
care equipment, point-of-care equipment, blanket 
warmer, etc.) and supplies used in the course of a 
nursing delivery of care (intravenous catheters, oxy-
gen supplies, blood pressure cuffs, etc.).

Creating an accurate and well-planned bud-
get is essential in the financial stability of the 
department as well as the organization. Creating 
a budget too small will create difficulties with 
organizational planning and spending for the next 
year, while creating a budget that is too large for 
what your spending actually is may take neces-
sary money away from other departments within 
the organization [37].

Salary budgets should include accurate full- 
time equivalent predictions based on historical 
use, as well as proposed departmental growth. 
Sick days, personal time, holiday pay, and vaca-
tion expenses should be included for accurate sal-
ary spending. Also, plan to cover the expense of 
paid educational days, committee participation, 
community service, and orientation hours. For 
example, if the nursing team collectively plans to 
use 40 weeks of paid vacation for the next year, 
then the salary budget should plan to include sal-
ary dollars for the replacement nurses (per diem, 
travelers, agency, overtime, etc.). Planning for 
orientation in the salary budget is essential for 
fiscal responsibility: for example, if the depart-
ment averages four new nurses each year, then 
the salary budget should calculate the anticipated 
weeks of orientation plan accordingly.
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X-Ray Interpretation

Michael Bowen and Tina Sankhla

4.1  Introduction

This section will address the history and safety 
of chest X-rays. A chest radiograph, commonly 
referred to as a chest X-ray, is a noninvasive test 
that uses a very low dose of ionizing radiation 
to produce an image of the heart, lungs, air-
ways, large vessels, and bones in the chest. Chest 
X-rays are quick, cost effective and readily avail-
able at the bedside or in the department of radiol-
ogy. Chest X-rays are one of the oldest forms of 
diagnostic imaging. In 1895, the use of X-rays 
was validated as a diagnostic study [1] and this 
imaging modality has continued to improve since 
that time. Chest X-rays remain one of the most 
commonly ordered imaging tests.

There will be many instances in which the 
advanced practice providers (APPs) may be 
called upon to view a chest X-ray in the course 
of patient care. Common circumstances for 
chest X-rays to be ordered in the procedural set-
ting include: to evaluate line or tube placement, 
to assess for pneumothorax, and to assess fluid 
accumulation. Registered nurses (RNs) and APPs 
would not be expected to render an official read 
as this is the responsibility of the radiologist, but 
as members of the care team they should have a 
clear functional knowledge of when it is appropri-

ate to order a chest X-ray and how chest X-rays 
are obtained. RNs and APPs are often the first to 
see the images and may be required to act upon 
them. Familiarity with basic interpretation and 
the ability to recognize some of the most com-
mon findings will help to identify urgent findings 
and will be invaluable in efficient patient care.

In this chapter, we will discuss how chest 
X-rays are obtained, safety of X-ray imaging, 
how to approach interpretation, common disease 
patterns, and emergent findings to always look 
out for. This chapter will give a basic introduc-
tion and is not intended to be a comprehensive 
guide to interpretation. We will also have a short 
discussion on next imaging steps if the radio-
graph has not offered a definitive diagnosis. For 
further information regarding chest X-ray inter-
pretation, please see the table of references at the 
end of this chapter.

Chest X-rays are obtained using a small 
amount of ionizing radiation emitted from an 
X-ray generator and passing through the area 
being imaged, in this case the chest. The amount 
of “safe” radiation is influenced by the patient’s 
age, body habitus, the type of exam, and the tech-
nique of acquisition.

According to the Nuclear Regulatory 
Commission (NRC), the average American 
receives about 620 millirem (mrem) a year, with 
approximately 310  mrem being from natural 
background radiation and the remainder from 
man-man sources including medical imaging 
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and industrial sources. A single chest X-ray is 
10 mrem [2]. Accordingly, the radiation a patient 
receives from 1 chest X-ray is approximately 
equal to the amount of background radiation a 
person receives in 11 days of everyday life from 
natural background sources. The relative amount 
of radiation exposure from a single chest X-ray 
is quite small, and therefore a relatively “safe” 
radiology exam. You will often see the dose of 
radiation expressed using the unit of millisieverts 
(mSv) with a conversion of 100 mrem to 1 mSv.

The impact of ionizing radiation is considered 
on a scale where cumulative risk is greatest on 
fetuses and decreases with advancing age [3]. As 
discussed above, the radiation dose of a diagnos-
tic chest X-ray is small, but is not zero. When 
working with children especially, the risk versus 
benefit of ionizing radiation exams should be 
carefully considered. While one image would not 
have a significant effect, in children with chronic 
illness who may be frequently hospitalized and 
undergo multiple repeated imaging tests, the 
cumulative dose can quickly become concerning. 
When working with women of childbearing age, 
a recent pregnancy test should be reviewed in all 
nonemergency cases, and if imaging is deemed 
necessary in a pregnant patient, careful position-
ing and lead shielding can be used to reduce the 
risk of unintended harm to a fetus.

While X-ray and computed tomography (CT) 
use ionizing radiation, other forms of imaging 
including ultrasound (US) and magnetic reso-
nance imaging (MRI) do not use radiation and 
may be favored in pregnant women and children 
when appropriate. Always double check that 
the correct order has been placed on the cor-
rect patient. If there is any question about what 
type of imaging to order, it is always best to dis-
cuss with a colleague or even call the radiology 
department to verify the best type of imaging for 
the suspected pathology. A provider should exer-
cise caution when ordering any imaging test, tak-
ing care to avoid unnecessary testing and making 
sure to order the appropriate testing when indi-
cated. By doing so, we can minimize unneces-
sary radiation exposure to patients and avoid 
unnecessary cost burden on both our patients and 
healthcare system.

The American College of Radiology (ACR) 
has established appropriateness criteria for each 
type of radiology exam; this has been updated 
for 2020 [4]. The appropriateness criteria assess 
the relative risk of ionizing radiation to the rela-
tive diagnostic benefit of the individual exam. 
The ACR has summarized these recommenda-
tions in their program for adults entitled “Image 
Wisely” [5].

Beginning in 2020 the Centers for Medicare 
and Medicaid Services (CMS) which is part of the 
United States Department of Health and Human 
Services will require the use of clinical decision-
making software to assist in imaging choices in 
order for reimbursement of the imaging [3].

4.2  Chest X-Ray Image 
and Acquisition 
and Positioning

Chest X-rays are obtained by emitting radia-
tion through the body into a cassette. The dis-
tance from the emitter to the cassette should 
be approximately 72 in., but can be as close as 
40 in. Increasing distance from the X-ray source 
to the cassette will cause the image to lose sharp-
ness and will decrease magnification. The loss 
of sharpness and change in magnification will 
affect the clarity of the image and make diag-
nostic interpretation more difficult. The whole 
area of the chest should be included on the cas-
sette. In order to achieve this, the cassette may 
have to be turned into a landscape mode or more 
than one cassette may need to be used to com-
plete the imaging. The distance from the emitter 
to the cassette is to minimize the exposure of 
radiation to the patient, optimize the image, and 
standardize the technique in how the images are 
acquired [6].

The standard chest X-ray is taken as a pos-
terior anterior (PA) radiograph. The designation 
of PA is describing the direction of travel of the 
radiation. In a PA radiograph, the direction of 
travel would be from posterior to anterior, with 
the emitter sending X-rays towards the patient’s 
back, through the thorax, and out the chest wall 
to the cassette. Understanding this standard ter-
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minology, the anterior posterior (AP) radiograph 
is taken with the emitter sending X-rays towards 
the patient’s anterior chest, through the thorax, 
and out the back to the cassette. The PA is the 
preferred method of imaging as it is obtained 
with the patient standing, which allows for better 
inspiratory effort, and deeper inspiration allows 
for greater viewing of the structures of the chest. 
The AP chest X-rays are also often referred to 
as “portable chest radiographs.” They are used 
for critically ill patients who may not be able to 
travel to the radiology department. Patients that 
have limited or no ability to stand and who are 
unable to travel to the radiology department for 
their imaging due to their critical status would 
also be considered appropriate candidates for 
portable X-rays. AP radiographs are taken with 
the patient in the hospital bed itself—the tech-
nologist will have the patient lie in the supine 
position (belly up), slide the cassette under the 
patient’s back, and position the portable X-ray 
generator over the patient’s chest.

There are two other positions that are com-
monly used to help with chest X-ray diagnos-
tic imaging, lateral and decubitus positioning. 
Lateral images are obtained with the emitter to 
the patient’s right and the cassette to the patients 
left. Lateral images are obtained to give a clearer 
image of structures that can be obscured by over-
lapping anatomy in AP or PA images. The lateral 
chest X-ray can be particularly useful in looking 
at the areas of lung posterior to the cardiomedias-
tinal silhouette, and the retrocardiac space, where 
masses and infection can hide. Lateral images are 
also useful for bony structures, giving a view of 
the sternum and vertebral bodies in profile, which 
can be helpful for identifying fractures and other 
bony lesions.

In decubitus positioning, the patient is lying 
down and rolled up onto one side. The general 
layout of the anatomy will be similar to lateral 
imaging; however, decubitus positioning makes 
use of gravity to add further information. For 
example, decubitus positioning can be particu-
larly useful when assessing for fluid that layers 
or stays in place, which can help differentiation 
between a simple versus a complex fluid collec-
tion in the chest.

Knowing the different possible positions of 
the body, and understanding the resulting anat-
omy you will see with each, will help you under-
stand what diagnostic value each can provide.

4.3  Interpretation of X-Ray

Radiation penetrates the body and structures in 
the body at different rates, with denser structures, 
like bone, absorbing more of the radiation, and 
less dense structures, like air-filled lungs, letting 
more of the X-rays pass through. The image is 
produced from the X-rays that make it through 
the body and are registered by the cassette. The 
resulting image will consist of shades of gray. 
Bones will appear near-white, as they will absorb 
the greatest amount of radiation and very little 
will pass through to be registered by the cassette. 
Lungs will appear near-black, as a much greater 
proportion of the X-rays will be allowed to pass 
through to the cassette. Any metallic object, such 
as an implanted pacemaker or a retained bullet, 
will appear even brighter than bone as metal is 
higher density than bone. Fat and muscle will 
appear on a spectrum of gray based on their rela-
tive densities. Because these intermediate density 
tissues are all on a spectrum of gray, soft tissues 
are not well differentiated on X-ray and thus 
X-ray is a poor modality for evaluating soft tissue 
lesions. Additionally, if there are two adjacent 
structures that are the same density, there will not 
be a line separating them and they may appear 
continuous. You will only see borders when there 
are different density structure adjacent to one 
another.

See Fig. 4.1 below and note how the bones are 
bright. Compare this to the shade you see in the 
lung fields and in the cardiomediastinal silhou-
ette. Note how you cannot see individual muscles 
within the soft tissues.

4.3.1  Systematic Approach 
to Interpretation

Now we will switch gears and approach the topic 
of interpretation. While this may seem daunting, 

4 X-Ray Interpretation



44

remember the goal here is not necessarily to pick 
up the fine details that a seasoned radiologist may 
comment on in their final report. The goal rather 
should be to pick up any urgent findings that may 
have an effect on immediate patient care.

When reviewing a chest radiograph, it is 
important that you approach your evaluation in 
a systematic manner and use the same approach 
or “search pattern” every time. Having a con-
sistent search pattern will allow you to be sure 
that you never overlook an important structure. 
Many patients will have multiple findings, and 

you must be careful not to think you are done 
after you make one finding—for example, you 
may successfully identify an appropriately 
placed central line, feel satisfied, and neglect to 
recognize the adjacent pneumothorax. This type 
of error, referred to as “satisfaction of search 
error,” can have grave consequences. Having a 
consistent search pattern will allow you to avoid 
such error.

Below we set forth a simple search pattern 
that you can follow when looking at any chest 
radiograph. As you become more experienced, 
you may choose to adapt this basic structure 
and develop your own search pattern. Always 
remember to compare the current image to any 
prior imaging that is available in order to assess 
whether any abnormal findings are new or already 
known. And if there is a known abnormality, 
make sure to assess for stability, for example, if 
the patient has a known pneumothorax, is larger, 
smaller, or the same as on the prior?

Remember that due to the way the image is 
acquired, the radiograph you see is essentially a 
mirror image with left and right reversed.

4.3.2  Assess Quality of Imaging

4.3.2.1  Is There Appropriate 
Penetration?

Penetration refers to the amount of radiation that 
travels to your cassette. Too much and the image 
will be too dark. Too little and the image will be 
too white. Both extremes will obscure detail, and 
you may have to ask the technologist to repeat the 
imaging. In an appropriately penetrated film, you 
will just barely see the outline of the vertebral 
bodies through the heart.

4.3.2.2  Is the Patient Rotated?
If a patient is rotated during a scan, this may 
cause structures to be overlaid obscuring detail 
or may distort the relative sizes of structures. To 
assess if a patient is rotated, look at the medial 
clavicular heads—if the patient is correctly posi-
tioned, the bilateral clavicular heads should be 
equidistant from the spinous processes of the 
thoracic vertebral bodies.

Fig. 4.1 This is a normal PA chest X-ray. We start by 
assessing quality of the image. There is adequate penetra-
tion as we can see the outline of the vertebral bodies 
through the heart. The clavicular heads are approximately 
equidistant from the spinous processes, so we know the 
patient is not excessively rotated. The entire right and left 
lung fields are included in the image. There is adequate 
inspiration as we can count more than six anterior ribs 
within the lung field. Now that we have confirmed we 
have adequate quality, we can go through out ABCDEF 
search pattern. Airways: Our trachea is in the midline and 
we can follow it down to the carina and see the split into 
the right and left mainstem bronchi. Bones: There are no 
apparent fractures or lesions of the clavicles, ribs, verte-
brae, or scapulae. Cardiac: Our heart is normal in size and 
the right and left heart borders are clearly seen. 
Diaphragms: The bilateral costophrenic angles are crisp 
and there is no free air under the diaphragm. Extras: There 
are no lines, tubes, or other support apparatus present. 
Fields: The lung fields are clear without masses or con-
solidations and there is no pneumothorax. Go through this 
pattern with each of the following figure; our captions will 
report only the irregularities
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4.3.2.3  Is the Entire Chest Included 
in the Image?

The film should include the entire lung field. 
Confirm that you can see from the lung apex, 
down to the costovertebral angles on both the 
right and the left sides.

4.3.2.4  How Was the Patient’s 
Inspiration?

Poor inspiratory effort will result in low lung vol-
umes, causing crowding of structures within the 
chest and obscuring detail. Inspiration is assessed 
by counting the number of ribs in the lung field—
there is adequate inspiration when you can count 
6 or more anterior ribs in the lung field. As dis-
cussed above, PA (posterior to anterior) radio-
graphs will be taken with the patient standing up, 
allowing for better inspiration compared to an AP 
(anterior to posterior) where the patient is lying 
down. A PA radiograph is preferred whenever 
possible.

4.3.3  Assess Structures with Your 
ABCDEF

• A—Airway—Assess the large airways fol-
lowing the course of the trachea down to the 
carina and into the left and right mainstem 
bronchi.

Check for foreign bodies in the airway, 
especially in children (Fig. 4.2). If there is an 
endotracheal tube or tracheostomy tube, con-
firm that the tube terminates in the mainstem 
trachea above the level of the carina.

The trachea normally sits in the midline or 
slightly offset to the right of midline. If the 
trachea is abnormally deviated in either direc-
tion, think about what could be pulling it (is 
there a collapsed lung) or pushing it (is there 
space occupying pathology such as a mass or 
a large pneumothorax).

• B—Bones—Assess for fractures or bony 
lesions.

Make sure to check all bones are included 
on the chest X-ray, which will include the 
clavicles, ribs (posterior portion of the rib is 
the part that appears horizontal on the radio-

graph), sternum, and vertebra. You should be 
able to pick up on a displaced rib or clavicle 
fracture, while a nondisplaced fracture may be 
hard to see on X-ray. On lateral films, you can 
check for vertebral fractures or lesions. The 
chest radiograph field will sometimes include 
the shoulders—assess the glenohumeral joints 
to avoid missing a shoulder dislocation. If 
there is high clinical suspicion for a fracture, 
but no apparent fracture on the chest X-ray, it 
is reasonable to consider ordering additional 
imaging with CT to look for a radiographi-
cally occult fracture.

On lateral films, the spine should get more 
lucent as you move lower, referred to as the 
“spine sign” or “more black sign.” If it does 
not get darker and stays the same brightness as 
you move down, suspect a lesion such as an 
infection, fluid, or a mass.

• C—Cardiomediastinal silhouette.
Take a look at the borders of the heart—can 

you see the right heart border and the left heart 
border clearly? If a border is obscured, there 
may be a consolidation from a pneumonia 

Fig. 4.2 When assessing your cardiomediastinal silhou-
ette, you will notice there is a round radiopaque object 
projecting over the heart. We know it is not in the airway 
this time as we can see the object is below the carina. We 
can predict that this object is in the esophagus, and our 
history confirms our suspicion that this child swallowed a 
coin
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(Fig. 4.3). You should also assess the size of 
the heart. Normal is considered less than 1/2 
of the diameter of the lung field on a PA radio-
graph or less than 2/3 of the diameter of the 
lung field on an AP radiograph. If the heart is 
larger than these limits, the patient has cardio-
megaly, which may be acute or chronic and 
should be correlated with the patient’s clinical 
history.

• D—Diaphragm—Follow the course of the left 
and right hemidiaphragms out to the costover-
tebral angle.

Look at the diaphragms. It is normal for the 
right diaphragm to be mildly elevated relative 
to the left, as the liver sits under the right dia-
phragm. The stomach sits under the left dia-
phragm and you may see the gastric bubble, 
normal air in the stomach. However, if there is 
any dark area under the diaphragm, especially 
on the left between the liver and the dia-
phragm, this would be concerning for free air 
in the abdomen from perforated intra-abdomi-
nal organ, which would be a critical finding 
(Fig. 4.4).

Now follow your diaphragms out laterally 
to where they meet the lateral chest wall—
the cardiophrenic angles are where the lung, 
diaphragm, and chest wall come together. In 

a normal setting these angles will be sharp 
and clearly defined. Fluid in the setting of 
pleural effusion, most commonly from con-
gestive heart failure and pulmonary edema, 
will cause a blunting of the cardiophrenic 
angles. The blunting of the angle begins to 
occur with around 200–300  cm3 of fluid 
(Fig. 4.5).

• E—Extras—look for lines, tubes, and other 
devices.

Look for any line, tube, or surgical device 
inserted in the patient.
 – Endotracheal tube (ET tube): An endotra-

cheal tube is inserted in the mouth and ter-
minates in the trachea. If an endotracheal 
tube is present, make sure the distal tip is in 
the trachea above the carina, with ideal 
positioning being 3–6 cm above the carina 
(Fig. 4.6). If the ET tube terminates in one 
of the mainstem bronchi, it must be 
retracted or only one lung will be 
ventilated.

Fig. 4.3 This patient has cardiomegaly as this is a PA 
radiograph and the cardiomediastinal silhouette is greater 
than 1/2 of the width of the lung fields

Fig. 4.4 This patient has air under the left diaphragm, 
which would be concerning for free air in the abdomen. 
Note that free air in the abdomen is an emergency if acute, 
though this may be an expected finding if the patient has 
recently had abdominal surgery. When assessing the lung 
fields, we see that there are patchy opacities in the right 
lung field which could represent pneumonia. When 
assessing for “extras,” we see the patient has an enteric 
tube that appropriately courses in the expected location of 
the esophagus, below the diaphragm through the expected 
location of the GE junction, and terminates beyond the 
imaged field. The patient also has a left-sided chest tube in 
place with no apparent residual pneumothorax
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 – Tracheostomy: A tracheostomy tube is a 
surgically inserted tube that directly enters 
the trachea in the low neck and allows ven-
tilation to bypass the oropharynx. Like the 
ET tube, the tracheostomy tube should ter-
minate beyond the thoracic inlet and above 
the carina.

 – Chest tube: A chest tube is a tube inserted 
from outside the patient, directly through 
the chest wall, into the lung field, to treat a 
pneumothorax or pleural effusion. If there 
is a chest tube present, make sure the distal 
tip terminates within the lung field and is 
not stuck within the soft tissues of the chest 
wall (Figs. 4.4 and 4.7).

 – Central Line: A central line is a large bore 
catheter that is inserted in a large central 
vein on the right or left, commonly the 
internal jugular vein or subclavian vein, 
and terminates near the cavoatrial junction. 
Always confirm the course of the central 
line is as expected. Make sure the central 
line terminates in the most distal portion of 
the superior vena cava, or in the proximal 
portion of right atrium (Fig. 4.8). If it is not 
in this location, it will likely need to be 
repositioned.
A possible complication during central line 

insertion is pneumothorax. A postprocedural 
pneumothorax will occur on the same side as 
the access site. This is most common in sub-
clavian central lines, where the initial access 
may be close to the lung apex. If a patient is 
asymptomatic, a small pneumothorax may 

Fig. 4.5 When you examine the costophrenic angles, the 
right costophrenic angle appears sharp. In contrast, the 
left appears blunted with a small pleural effusion

Fig. 4.6 There is a large region of the right lung field that 
is dark and without lung markings, representing a large 
right pneumothorax. There is also an endotracheal tube in 
place, appropriately terminating in the mid thoracic trachea 
above the level of the carina. Note also that there are coars-
ening lung markings in the left lung, which was consistent 
with this patient’s known history of pulmonary fibrosis

Fig. 4.7 This is the same patient from Fig. 4.6 a day later, 
now with a right chest tube in place. You can see how the 
lung is now re-expanded after placement of the chest tube. 
Look closely at the right apex and you will see there is still 
a trace residual pneumothorax
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resolve on its own and should be monitored 
with follow-up radiographs. If a pneumo-
thorax appears to be enlarging on follow- up 
imaging and/or the patient becomes short of 
breath, a chest tube may need to be placed.

One emergent complication to always look 
out for is accidental arterial insertion, which is 
potentially life threatening. If the central line 
does not follow the expected course of the 
venous system in the chest and appears to ter-
minate in the aorta, have a high suspicion for 
arterial insertion (Fig.  4.9). This is an emer-
gency as the arterial system has much high 
pressures and a patient could massively 
 hemorrhage if a large bore catheter is in their 
carotid artery. In this scenario, the line should 
not be moved and vascular surgery should be 
consulted emergently.

 – Peripherally inserted central catheter 
(PICC Line): A PICC line is a smaller 
bore catheter that is inserted into a periph-
eral vein in either arm, and then courses 
centrally through the subclavian vein to 
the superior vena cava. Much like the cen-
tral line discussed above, the PICC line 
should terminate in the most distal portion 
of the superior vena cava, or in the proxi-

mal portion of right atrium. If it is not in 
this location, it will likely need to be 
repositioned.

 – Enteric tube: There may be an orogastric 
tube or a nasogastric tube to provide the 
patient with enteral feeding. This tube is 
inserted in the mouth or the nose, which 
will be above the image field. You will see 
the tube coursing in the expected location 
of the esophagus in the mediastinum. The 
enteric tube should terminate beyond the 
gastroesophageal junction, either in the 
stomach or in the small bowel based on 
indication (Fig. 4.4). It is essential to con-
firm that the enteric tube passes beyond the 
gastroesophageal junction into the stomach 
before initiating feeling. In the worst case 
scenario, a malpositioned tube can end up 
in the trachea and feeding can be life 
 threatening due to aspiration of the tube 
feeds into the lungs.

 – Pacemaker: Many patients will have a 
pacemaker and/or implanted defibrillator. 
This device will appear as a metal object, 
brighter than bone, usually projecting over 

Fig. 4.8 This patient has a right upper lobe pneumonia. 
Additionally, note the right internal jugular catheter that 
terminates appropriately near the expected location of the 
cavoatrial junction

Fig. 4.9 This is an example of an accidental arterial 
insertion. The catheter does not cross the midline and 
enter the superior vena cava as expected, but rather travels 
in the expected course of the aorta and has probably inad-
vertently been inserted in the left internal carotid artery 
instead of the adjacent left internal jugular vein
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the left upper chest. There are many differ-
ent models of pacemakers and implanted 
defibrillators that will all appear slightly 
different, but the most important thing to 
assess is if any of the leads coming from 
the pacemaker are discontinuous. Make 
sure they do not have any breaks.

• F—(Lung) Fields—Look at the upper, middle, 
and lower lung fields on each side.

Remember the right lung is divided into 
three lobes, the right upper lobe, the right mid-
dle lobe, and the right lower lobe. The left 
lung is divided into the left upper lobe and the 
left middle lobe. This leads to two interlobar 
fissures on the right and one on the left, though 
these are not usually visible on X-ray.

When looking at the lung fields, start with 
the upper lung fields, comparing right to left, 
and then repeat for the middle and lower lung 
fields. Look for any asymmetries. An asym-
metric area of increased density may represent 
a pneumonia (Figs.  4.4 and 4.5) or pleural 
effusion (Fig. 4.10). A soft tissue density lesion 
could represent a mass and would likely need 
further workup with a CT. Particularly in the 
peri-procedural setting, it is important to 
always assess for pneumothorax, air in the 
lung space. Check the bilateral lung apices—if 
there is a pneumothorax, there will be a dark 

area with absent lung markings at the apex, 
and likely a lucent line delineating the dis-
placed lung border (Figs. 4.6 and 4.7).

During assessment of the chest X-ray, you 
may notice a finding that is unrelated to the 
reason for ordering the exam. These are com-
monly referred to “incidentalomas.” When 
these are noted they are required to be fol-
lowed up and investigated, most commonly 
done by cross-sectional imaging to further 
delineate the findings.

4.4  Application

Please review the previous images to apply your 
new found knowledge. The findings are described 
under the imaging for your reference after you 
feel confident in your findings.

4.5  Other Modalities

As useful and accessible as chest X-rays are, they 
do not answer all diagnostic dilemmas. Other 
modalities to consider include ultrasound (US), 
computed tomography (CT), and magnetic reso-
nance imaging (MRI). These modalities each 
have their own strengths, limitations, and consid-
erations for selection.

We have discussed previously the issue of radi-
ation, which can have an impact on the choice of 
imaging modality. CT has a significantly higher 
radiation dosing than chest X-ray. The radiation 
dose of a chest CT is approximately 70 times the 
dose of a chest X-ray, at 7 mSv for a chest CT 
compared to 0.1 mSv for a chest X-ray. The use 
of non-radiating modalities such as ultrasound 
and MRI can be especially important options for 
use in children and pregnant women as discussed 
previously. The way in which the images are 
acquired and processed in ultrasound, CT, and 
MRI can provide different and additional infor-
mation when compared to simple chest X-ray.

As an example of how CT can provide addi-
tional information compared to chest X-ray, 
chest CT has been demonstrated to be a more 
effective tool for lung cancer screening. It is 

Fig. 4.10 Here there is a large pleural effusion resulting 
in complete white out of the entire left lung field, com-
pared to the normal appearing right lung field
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now the recommendation for people ages 55–80 
with a 30 pack year history to be screened with 
low dose CT scanning. The resolution of small 
nodules is significantly better in CT. The abil-
ity to identify and track small lesions has been 
demonstrated to improve outcomes, and is cost 
effective [7]. The use of screening CT is just 
one example of the information that CT can 
offer.

Ultrasound, for instance, can be used to iden-
tify septations in pleural fluid to establish the fact 
the fluid may be more complex. The septations 
are not generally seen in CT, but can be seen in 
MRI. Ultrasound is also a useful tool for proce-
dures as it can be used for real-time image guid-
ance. This makes for generally safer procedures, 
but ultrasound has some limitations in regard 
to depth of imaging and ability to penetrate air- 
filled structures. Ultrasound can also be used to 
assess lymph nodes, and other soft tissue struc-
tures in the chest. Ultrasound is also a powerful 
tool for assessing cardiac structure and function. 
Ultrasound is a readily portable modality and can 
easily be taken to the bedside for evaluations and 
procedures.

MRI uses radio waves and magnets to alter 
atomic alignments, and is best used for detailed 
evaluation of soft tissue structures. MRI can 
be used to assess primary disease and extent of 
spread and invasion to surrounding soft tissues. 
MRI can also be used to assess structures of the 
heart, such as valves and vessels. MRI, because 
it can be used for dynamic imaging, can assess 
ejection fraction and wall motion of the heart and 
flow rate within vessels. The exquisite soft tissue 
detail that can be seen with MRI can also allow 
for identification of lymph nodes and masses that 
may not be evident on chest radiographs and CT 
images.

The disadvantages of MRI include the high 
cost and the long length of time needed to 
acquire MRI imaging. MRI makes use of mag-
netic fields, so unfortunately patients with metal 
hardware (i.e., some pacemakers, valve replace-
ments, retained shrapnel), cannot get MRI scans. 
The metal can heat up and can move, causing 
damage to surrounding structures. The majority 
of newer devices and surgical hardware however 

are made from non-ferromagnetic materials and 
therefore MRI compatible. Every patient must 
undergo a pre-screening to verify that they will 
be safe in the scanner. Additionally, MRI scans 
require the patient to be within the scanner for a 
longer length of time compared to CT, which can 
be difficult for patients who are claustrophobic. 
Patients that have claustrophobia may require 
anxiolytics in order to manage those symptoms. 
Additionally, because MRIs can take a long 
time, it can be dangerous to send a patient who 
is in unstable or critical condition into the MRI 
scanner.

This brief summary of additional imaging 
modalities should not be considered complete, 
but is offered as an example to demonstrate the 
varying values and limitations of other imaging 
modalities. Choosing the correct imaging modal-
ity will be dependent on the pathology in ques-
tion and should be considered carefully with 
input from the radiology department if there is 
any uncertainty.

4.6  Conclusion

Chest X-rays are an easily accessible, inexpen-
sive, and generally safe diagnostic tool that are 
highly useful in a wide variety of medical set-
tings. Having a clear understanding of how 
images are acquired, how to address radiation 
risk, and how to systematically approach the 
interpretation of chest X-rays will prove to be 
very useful in your career. These skills will facil-
itate high-quality patient care and improve the 
outcomes for patients.

This chapter has provided an introduction to 
the basic concepts of chest X-ray acquisition and 
interpretation. We encourage you to look at as 
many chest X-rays as possible and practice using 
our ABCDEF method to become more confident 
in your interpretation skills. These skills will 
continue to improve with practice. Make sure to 
personally review any radiographs available for 
your patients and take a few extra moments to 
compare your own interpretation to the final radi-
ologist’s report to continue honing your skills. 
See Table 4.1 for additional resources.
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Point-of-Care Laboratory Testing 
in Radiology

Kent B. Lewandrowski

5.1  Introduction

Point-of-care testing (POCT) (a.k.a. near-patient 
testing, bedside testing, point-of-service testing) 
has been defined by Nichols as “laboratory diag-
nostic testing performed at or near the site where 
clinical care is delivered” [1]. Typically, the test-
ing is performed by non-laboratory personnel 
including physicians, nurses, and practice assis-
tants. POCT is widespread in both the hospital 
and outpatient settings where a rapid test result 
is needed to expedite clinical care. For a general 
review of POCT the reader is referred to ref. [2]. 
In radiology, there are four common applications 
of POCT:

 1. Activated clotting time (ACT) to monitor 
high-dose heparin anticoagulation in interven-
tional radiology, prothrombin time interna-
tional normalized ratio (PT-INR) and activated 
partial thromboplastin time (aPTT) for moni-
toring coumadin and heparin anticoagulation, 
respectively.

 2. Whole blood creatinine testing to screen 
patients for renal insufficiency prior to admin-
istering intravascular contrast agents or gado-

linium contrast agents in magnetic resonance 
imaging.

 3. Blood or urine pregnancy testing to screen 
patients prior to exposure to X-rays.

 4. Capillary blood glucose testing that may be 
required pre, intra, or post procedure or when 
patient emergencies occur in the department.

This chapter will describe the role of POCT 
in radiology including regulatory compliance (in 
the United States), program management, and 
clinical applications.

5.2  Regulatory Compliance 
in the United States

Laboratory testing is one of the most highly regu-
lated segments in the American health care system. 
The aim of most of these regulations is to ensure 
the quality and timeliness of laboratory test results 
regardless of where the test(s) are performed. At 
a minimum, sites performing laboratory testing 
must meet the requirements stipulated under fed-
eral law in the Clinical Laboratory Improvement 
Amendment of 1988 (CLIA-88) (see https://www.
cms.gov/Regulations-and-Guidance/Legislation/
CLIA/index.html?redirect=/CLIA/05_CLIA_
Brochures.asp) and its subsequent revisions 
(Table  5.1). CLIA- 88 is overseen by the Centers 
for Medicare and Medicaid Services (CMS). In 
addition, health care accrediting organizations such 
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as The Joint Commission (TJC), the College of 
American Pathologists (CAP), and the Commission 
on Office Laboratory Accreditation (COLA) have 
additional requirements for POCT as do some indi-
vidual states.

Before a testing site “laboratory” can perform 
laboratory testing it must first obtain a CLIA cer-
tificate from CMS (Table 5.2). The type of CLIA 
certificate that is required depends on the com-
plexity of the test menu (CLIA waived testing, 
provider performed microscopy, moderate and 
high complexity testing) and the method of cer-
tification. According to the Centers for Disease 
Control and Prevention (CDC), waived tests are 
“simple tests with a low risk for error or patient 
harm from an incorrect result. They include:

• Certain tests listed in the CLIA regulations
• Tests cleared by the FDA for home use
• Tests where the manufacturer has applied to 

the FDA for waived status by providing scien-
tific data that verifies that the CLIA waiver 
criteria have been met.

Sites that perform only waived testing must 
have a CLIA certificate of waiver and follow the 
manufacturer’s instructions; other CLIA require-
ments do not apply [3]. Typical examples of 
waived tests include urine pregnancy tests, dipstick 
urinalysis, and fecal occult blood. Of note, both 
TJC and the CAP do have requirements for waived 
testing beyond those mandated by CLIA- 88 as do 
some states. For a list of CLIA waived tests as of 
4/1/2019 see ref. [4]. Of note, this list is periodi-
cally updated. In practice, manufacturers typically 
state if their test is CLIA waived in the package 
insert as this confers a commercially competitive 
advantage over non-waived tests. For testing sites 
that are not subject to TJC or CAP accreditation, 
the waived status of a test is of great importance 
as it frees the site from routine inspections every 
2  years to document compliance with the CLIA 
regulations. These sites may, however, receive ad 
hoc inspections for a variety of reasons. For sites 
performing only waived tests there must be a des-
ignated site director but there are no other person-
nel, quality control, or other requirements except 
that the site must follow manufacturer’s guidelines 
[5]. A typical example of a waived POCT test in 
radiology would be a visually read urine preg-
nancy test strip. However, if the site is part of an 
organization that will be accredited by either TJC 
or the CAP, there are additional requirements for 
waived testing in the accreditation standards. In 
the case of TJC the following are required.

 1. There must be a CLIA site director.
 2. There must be written policies and procedures 

to address all aspects of specimen collection, 
reagents and quality control, instrument main-
tenance, test performance and reporting and 
other requirements. These policies must be 
approved by the CLIA site director (or desig-
nee) at inception and at periodic intervals 
thereafter.

Table 5.1 Categories of requirements for laboratory test-
ing mandated by CLIA-88

• Personnel requirements and qualifications
• Quality control requirements
• Quality systems and quality assurance
• Patient test management
• Proficiency testing requirements

Table 5.2 Types of CLIA certificates

Certificate
Test complexity and method of 
certification

Waiver Issued only to laboratories that perform 
waived testing

PPM Issued to sites where a physician, 
midlevel practitioner, or dentist 
performs only selected microscopic 
tests. The PPM certificate is a special 
category of moderate complexity 
testing. PPM sites can also perform 
waived testing

Registration Issued to sites performing moderate or 
high complexity testing prior to the site 
being inspected and found to be in 
compliance with CLIA regulations

Compliance Issued to a laboratory that has been 
inspected by CMS or state health 
agency and is determined to be in 
compliance with CLIA regulations

Accreditation Issued to a laboratory that has been 
inspected by an accreditation 
organization approved by CMS (deemed 
status organization) and is determined to 
be in compliance with CLIA regulations

PPM provider performed microscopy, CMS Centers for 
Medicare and Medicaid Services
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 3. Staff performing testing must demonstrate 
competency by at least two methods on initial 
hire, at 6 months and annually thereafter.

 4. Appropriate quality control must be per-
formed for both instrumented and non- 
instrumented tests.

For further details the reader is referred to 
the Comprehensive Accreditation Manual for 
Laboratory and Point-of-Care Testing available 
from The Joint Commission (Oakbrook Terrace, 
IL 60181).

For sites performing non-waived testing the 
facility must obtain the appropriate CLIA certifi-
cate for moderate and/or high complexity testing 
and be inspected every 2 years to ensure compli-
ance with CLIA and with any other requirements 
stipulated by the accreditation agency (e.g., TJC, 
CAP). There are essentially no high complex-
ity POCT tests in radiology, so this discussion 
will be limited to the requirements for moderate 
complexity testing such as the activated clot-
ting time. The main categories of CLIA require-
ments for moderately complex testing are as 
follows. For a more complete description of the 
regulatory requirements see the Comprehensive 
Accreditation Manual for Laboratory and Point- 
of- Care Testing available from TJC.

 1. Personnel: CLIA stipulates specific qualifica-
tions and training requirements for laboratory 
directors, technical consultants, clinical con-
sultants, and testing personnel.

 2. Competency assessment of testing personnel: 
At initial hire and then at 6 months and at 1 
year followed by annual assessment after the 
first year. Competence must be assessed by at 
least six methods.

 3. Method performance verification to ensure 
the method is accurate and precise and to 
establish the reference range and reportable 
range for the test

 4. A complete policy and standard operating 
procedure as described above

 5. Quality control
 6. Quality systems: procedures must be in place 

to ensure the quality of testing throughout the 
preanalytical (specimen collection), analyti-

cal, and postanalytical (results reporting) 
phases of testing

 7. Patient Test Management
 8. Proficiency Testing (PT); Also known as 

external quality control, CLIA requires PT for 
all tests where a PT program exists or the use 
of an alternate means of establishing accurate 
performance when PT specimens are not 
available. PT consists of enrolling in a PT pro-
gram (usually through the CAP) where 
unknown samples are sent to the lab at speci-
fied intervals. The lab performs the tests in the 
exact same manner as patient samples and 
reports their results to the PT program. The 
PT program evaluates the results and deter-
mines through statistical analysis of peer 
reporting data whether the results from the 
laboratory are satisfactory or unsatisfactory. 
PT failures must be evaluated to determine the 
cause of the error. Repeated failures may 
result in the site being suspended from per-
forming testing.

Based on the description outlined above it 
is clear that the regulations for moderate com-
plexity testing are considerably more complex 
and cumbersome than those for waived testing. 
This alone tends to discourage many sites from 
performing moderately complex testing unless 
it is absolutely necessary. Most hospitals have 
a POCT management team based in the clinical 
laboratory to provide regulatory oversight for 
POCT.  Sites considering POCT should contact 
their respective POCT coordinator to arrange for 
assistance and consultation.

5.3  POCT Tests in Radiology

This section will briefly describe the major appli-
cations of POCT tests in radiology.

5.3.1  Pregnancy Testing

Pregnancy testing is performed in radiology 
to avoid exposing a fetus to ionizing radiation. 
Testing can be performed on urine specimens, 
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plasma, serum, or whole blood. Most pregnancy 
tests are based on sandwich (noncompetitive) 
immunoassays employing a capture antibody 
against human chorionic gonadotropin (hCG) 
followed by a labelled antibody to permit either 
a visual read (positive or negative) or an instru-
ment read (either qualitative or quantitative). 
Testing may be performed in the central labora-
tory if the results for STAT testing are sufficiently 
rapid or at the point of care. Most POCT preg-
nancy test strips are sandwich assays based on 
lateral flow technology. Recently whole blood 
POCT pregnancy tests have become available 
eliminating the need to centrifuge blood samples 
to obtain plasma or serum. The main disadvan-
tage of these whole blood assays is the need to 
perform phlebotomy, a skill that might not be 
readily available. In contrast, urine pregnancy 
tests require that a bathroom be available for the 
patient to collect a sample. Soon pregnancy tests 
that use a finger-stick capillary blood sample will 
become available. Urine pregnancy tests can usu-
ally detect hCG levels down to 20–25 mIU/mL 
whereas serum POCT hCG tests can detect down 
to approximately 10 mIU/mL. Most sources rec-
ommend waiting until the first day of a missed 
period before performing the urine pregnancy 
test although some tests are more sensitive than 
others. As such false negative results may be 
observed in early pregnancy (false positive results 
may also occur for a variety of reasons). Blood- 
based tests are more sensitive and may detect 
pregnancy as early as 6–8 days after ovulation.

5.3.2  Creatinine Testing 
and Calculation 
of the Estimated Glomerular 
Filtration Rate (eGFR)

Measurement of creatinine and eGFR are widely 
used in radiology to identify patients with chronic 
kidney disease who are at risk for contrast- induced 
acute kidney injury and nephrogenic systemic 
fibrosis [6]. Frequently patients present for their 
scans but do not have recent creatinine/eGFR val-
ues necessitating either cancelling the scan or per-
forming the study without contrast. In most cases 

the creatinine/eGFR is normal on these patients and 
the scan can be performed as ordered [6]. Several 
POCT creatinine-measuring devices are available 
using either whole blood or capillary finger-stick 
blood. These devices permit a rapid measurement 
of the patient’s creatinine and calculation of the 
eGFR directly in the radiology unit. Unlike most 
central laboratory creatinine assays that employ 
a colorimetric measurement of creatinine (Jaffe 
method) the most common POCT devices are con-
figured to utilize electrochemical methods.

5.3.3  Anticoagulation Monitoring 
and Activated Clotting Time 
(ACT) in Interventional 
Radiology

Assessment of a patient’s anticoagulation status 
is important both before and in some cases dur-
ing the performance of invasive procedures. The 
prothrombin time/international normalized ratio 
(PT-INR) is used to assess patients receiving 
coumadin whereas the activated partial thrombo-
plastin time (aPTT) is used to monitor patients 
on heparin. Several POCT devices are available 
to measure PT-INR from a finger-stick blood 
sample. Devices for measuring the aPTT at the 
POC are also available. POCT devices may be 
employed to assess a patient’s baseline antico-
agulation status before the start of an invasive 
procedure. In some patients, rapid reversal of 
anticoagulation is required [7] and in this setting 
POCT devices may be advantages in that they 
reduce the turnaround time of the test result when 
compared to the central laboratory. The aPTT is 
not suitable for measuring anticoagulation status 
in patients on high-dose heparin during invasive 
procedures. In this setting the ACT test is used. 
The ACT is a rapid POCT that measures the 
clotting time of whole blood when exposed to 
a strong activator (either celite or kaolin) of the 
intrinsic coagulation pathway. Usually a target 
ACT value is established that is specific to the 
type of invasive procedure. ACT values from dif-
ferent devices are not equivalent and each hospi-
tal must carefully establish its own target values 
for both the device and the procedure.
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5.3.4  Capillary Blood Glucose Tests

Diabetic patients may need to have their blood 
glucose checked before, during, or after proce-
dures in the radiology department particularly 
when emergencies occur suggesting hypogly-
cemia. Radiology departments typically use the 
same “professional use” glucose meter that is used 
throughout the hospital for routine monitoring of 
diabetic patients. Unlike home-use meters, these 
professional use meters have a number of built-
in safety checks to ensure accurate test results. 
These include lockout of untrained operators, 
lockout if daily quality control has not been suc-
cessfully performed, lockout of expired test strips, 
electronic or wireless download of results into the 
electronic medical record and other features.

5.4  Outcomes for POCT 
in Radiology

There are only a few studies reporting improved 
outcomes from the use of POCT in radiology 
[6, 8]. In a study of the use of POCT creatinine/
eGFR, the authors reported a significant improve-
ment in the timeliness and efficiency of outpatient 
radiology procedures following implementation 
of POCT creatinine/eGFR testing [6]. In another 
study by Nichols et al., the authors reported sig-
nificant improvements in the availability of test 
results before certain procedures again result-
ing in improved timeliness and efficiency before 
interventional procedures [8].

5.5  Conclusion

Point-of-care laboratory testing is firmly estab-
lished in radiology for selected applications 
including anticoagulation monitoring, assess-
ment of renal function, tests rule out pregnancy, 
and glucose monitoring in diabetic patients. 
These tests are important to ensure patient safety 
and to improve the efficiency of the radiology 
operation.
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Pre- and Post-Procedure Nursing 
Care

Patricia Tuck and Dina A. Krenzischek

6.1  Introduction

The development of new tools and technologies 
have allowed more complex procedures to be done 
as minimally invasive procedures in the operating 
room and interventional radiology [1, 2]. Although 
these interventions have greatly improved, the psy-
chological preparation (in addition to the physical 
preparation) for patients remains to be addressed. 
Patient’s coping mechanism and compounding 
sources of stress contribute to increase anxiety and 
distress as the patient prepares for surgery or non-
invasive procedures. Evidence has shown that the 
preparation of the patient undergoing a surgery/
procedure can significantly be reduced by using 
an individualized approach in managing patient’s 
coping mechanism and addressing sources of dis-
tress [3]. A study has shown that too much or too 
little information during patient’s education in 
preparation for procedure can increase anxiety. 
However, comparing pre education and after edu-
cation has shown decreased anxiety and increased 
satisfaction. So, needs-based education helps 
determine the appropriate patient education [4].

Patients are encouraged to implement some 
basic approaches in overcoming the impact of 
anxiety on psychological and recovery process 
such as [1, 5–7]:

 1. Read reliable medical sources such as informa-
tion provided by the provider or by professional 
societies such as the Association for Radiologic 
and Imaging Nursing (ARIN), the American 
College of Radiology (ACR), or the Society of 
Interventional Radiology (SIR). Some hospitals 
offer YouTube videos for common procedures.

 2. Prepare a list of questions or concerns, such as 
potential complications or limitations 
post-procedure.

 3. Speak with provider about: medical history, 
consent and ensure that it is clear and under-
standable; availability of medical drugs before 
surgery; type of anesthesia or sedation medi-
cations; and share list of all home medications 
and over the counter medications.

 4. Discuss post-procedure pain management 
after surgery and at home (for outpatient).

 5. Submit all required documents requested by 
the providers’ office, hospital, or outpatient 
facility where procedure will be performed.

 6. Practice deep breathing exercises or other 
relaxation techniques, such as listening to 
music. Plan for family/friend assistance when 
going home. Some procedures will necessitate 
that the patient have someone with them for 
12–24 h after discharge.
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6.1.1  Definitions

Key definitions to understand in this chapter 
include:

Pre-procedure care—the nursing roles in this 
phase focus on validating existing information, 
eliciting additional or new information, reinforc-
ing preoperative/procedure teaching, reviewing 
discharge instructions and providing nursing 
care to complete preparation for the experience 
[1].

Post-procedure care—the nursing roles in 
this phase focus on providing post-anesthesia/-
procedure nursing in the immediate post-proce-
dure and transitioning the patient’s transfer to the 
inpatient unit or to home. If patient goes home, 
the necessary preparation for discharge to home 
needs to be implemented. Constant vigilance is 
required during this phase [1].

Provider—includes the radiologist, nurse 
practitioner (NP), clinical nurse specialist (CNS), 
or radiology physician assistant (RPA).

6.2  Pre-procedure Care (But Not 
Limited To) [1, 7–9]

Follow all individual institutional policies and 
procedures in the pre-procedure care of the 
patient.

6.2.1  Assessment

 1. Confirm patient identification with wrist band 
using two identifiers and allergy and fall pre-
caution bracelets, if applicable.

 2. Verify consent is done in advance. If done on 
the day of the procedure, the nurse may sign 
the consent as a witness to the patient’s signa-
ture. Ask the patient to verify the procedure 
site (right or left) as needed. Encourage patient 
to ask questions.

 3. Review medical notes and history (hyperten-
sion, cardiac, respiratory, diabetes, endocrine, 
renal diseases, blood problems e.g., sickle cell 
disease, anemia), difficulty of voiding, lung 
problems (e.g., COPD, asthma, obstructive 

sleep apnea, or airway problems), neuro 
assessment, current problems, and any previ-
ous procedures and surgery responses to anes-
thesia or sedation and relevant social history 
(including substance use). Note height and 
weight per facility policy. The date of the his-
tory and physical is important to note. 
Regulatory agencies may require a date of less 
than 30 days with a note on the day of the pro-
cedure stating no changes.

 4. Review all other required documents such as 
advance directives, X-ray film/disk with 
patient and labeled as indicated, electrocardio-
gram, and laboratory test results (hematology, 
chemistry, coagulation, pregnancy testing, and 
others) and note any abnormalities.

 5. Note medication reconciliation form and 
include medication ordered before procedure, 
home medication list including herbals and 
over the counter medications (OTCs). Assess 
last dose of all medications including antico-
agulant, insulin/oral medication, and pain 
medication as indicated.

 6. Inquire about allergies to medications and any 
history of reaction to contrast media (and 
treatment, if known), latex, tape, or other ban-
dage products.

 7. Review relevant presurgical/procedure status 
including:
 (a) Anesthesia/sedation plan with airway 

assessment, including American Society 
of Anesthesiologists (ASA) Physical 
Status

 (b) Vital signs, oxygen saturation, airway 
problems

 (c) Baseline pain and discomfort
 (d) Psychological, emotional, and spiritual 

needs
 (e) Nothing by mouth (NPO) status per 

guidelines; some medicines maybe per-
mitted with sips of water

 (f) Language barriers and need for an 
interpreter

 (g) Mobility and need for walker, cane, 
wheelchair, or any device

 8. Review readiness of presurgical /procedure 
patient’s teaching, sedation plan, and dis-
charge planning based on patient’s needs.
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 9. Confirm availability of safe transport if patient 
will be going home or arrangements for an 
inpatient hospital bed. If appropriate, inquire 
about attendance overnight.

6.2.2  Intervention

 1. Introduce nurse, providers, and other health 
care team members interacting with patient 
and family members.

 2. Verify and confirm patient’s identification 
using two identifiers.

 3. Assist physician in obtaining consent if not 
taken before surgery/procedure. Confirm site 
marking by provider, if appropriate.

 4. Facilitate the availability of interpreter or 
other means to assist patient in communicat-
ing and understanding the consent and care.

 5. Obtain vital signs and implement any inter-
vention as ordered based on clinical assess-
ment and provide emotional, psychological, 
and spiritual support. Inform providers if 
additional information is obtained. 
Implement clinical monitoring.

Assess peripheral pulses prior to angiogram 
procedure/mark site and document clearly as 
this will be used for post- procedure compari-
sons. Note if pulses are palpable or by Doppler, 
quality, extremity temperature, and sensation. 
If a radial access site/other is anticipated, per-
form the appropriate tests for meeting criteria.

 6. Insert intravenous access (IV) line, if ordered 
for procedure. (20 or 18 gauge maybe pre-
ferred.) Some interventional procedures, 
e.g., thrombolysis case or embolization for 
gastrointestinal bleeding, may require more 
than one IV access.

 7. Administer premedication, e.g., antibiotic, 
and document last dose of anticoagulant as 
indicated.

 8. Insert urinary drainage catheter as ordered.
 9. Implement additional laboratory testing as 

ordered, e.g., international normalized ratio 
(INR), partial thromboplastin time (PTT)/
prothrombin time (PT), platelets, creatinine, 
type, and screen.

 10. Validate patient’s understanding of preopera-
tive/procedure teaching including sedation 
and discharge planning. Include family mem-
bers in the patient teaching if available.

 11. Implement sedation as ordered or assist 
anesthesia provider as needed.

 12. Implement radiation safety procedures.
 13. Prepare special equipment appropriate for 

the procedure.
 14. Take patient belonging inventory and store 

patient’s belongings and valuables in a 
secure area. Jewelry, eyeglasses (contact 
lenses), hair pins, dentures, hearing aids, etc. 
should be removed per facility policy.

 15. Instruct and educate family members where 
to wait, any patient tracking system or com-
munication update system.

 16. Complete checklist for procedure room read-
iness and document on record. Inform the 
patient about the “Time-Out” procedure that 
will be done in the procedure room.

6.2.3  Outcome

 1. Patient meets all the requirements to undergo 
procedure with anesthesia, sedation, or local 
anesthesia as indicated.

 2. Patient validates understanding of consent 
procedure, expectations, and patient’s teach-
ing including discharge planning.

6.3  Post-procedure Care (But 
Not Limited To) [1, 7–9]

Follow all individual institutional policies and 
procedures in the post-procedure care of the 
patient.

6.3.1  Assessment

 1. Determine patient destination post-procedure 
(radiology recovery area, post-anesthesia care 
unit (PACU), home after recovery, or transfer 
to an inpatient area).
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 2. Confirm patient identification using two 
identifiers.

 3. Review data received from transfer of care.
 4. Review presurgical/procedure assessment and 

interventions.
 (a) Obtain vital signs, oxygen saturation, 

breathing, airway, circulation, conscious-
ness/sedation level, peripheral pulses 
where appropriate, and pain level. Assess 
distal pulses every 15  min  ×  4, every 
30 min × 4, then every 60 min until dis-
charge/transfer or per physician’s orders.

 (b) Notify physician for the following 
conditions:
• Decrease or change in strength of 

pulses in affected extremities
• Extremity is cold or cool to touch or 

color change
• Pain or nausea
• Inability to move extremity/sensory, 

temperature, or color change
• Change in vital signs, including level 

of consciousness (LOC)
• Bleeding or hematoma at the punc-

ture site or dressing site
• Procedure-specific change in condi-

tion (e.g., increased hematuria after 
tube placement, short of breath after 
lung biopsy).

 5. Assist with hemostasis if surgical suture or 
plug is not used for hemostasis.
 (a) Maintain bed rest for a period of time as 

prescribed by the physician.
 (b) May logroll patient 10–15° from side to 

side. Head of bed may be elevated no greater 
than 30° during bed rest if manual hemosta-
sis for femoral access (see Chap. 9).

 6. Assess pain and discomfort, nausea and vom-
iting, dressing, bleeding, or any 
complications.

 7. Note presence of drainage tubes, patency, 
characteristics of drainage as indicated and 
drainage output.

 8. Note estimated fluid deficit or blood lost 
where appropriate.

 9. Assess patient’s emotional and psychological 
status.

6.3.2  Intervention

 1. Verify patient’s identification using two 
identifiers.

 2. Connect patient to monitoring device(s).
 3. Obtain hand off report from providers/proce-

dure staff.
 4. Obtain vital signs and oxygen saturation.
 5. Provide emotional and psychological support.
 6. Educate patient including care plan, expecta-

tions, and discharge planning. Include family 
member or significant other if available.

 7. Provide written discharge instructions and 
obtain signature of patient after teaching, 
verification of understanding, and respond to 
patient’s questions. Instructions should 
include what to do in the case of questions, 
concerns, or in an emergency, whom and 
how to contact provider. Also included will 
be information about any follow-up appoint-
ments needed status post-procedure (e.g., 
routine tube exchange appointment).

 8. Implement post-procedure orders.
 9. Provide safe transport of patient to receiving 

unit or to the car if ambulatory.
 10. Arrange safe transportation to home.

6.3.3  Outcome

 1. Patient meets discharge criteria for transfer to 
the receiving unit or home.

 2. Patient is safely transported to the receiving 
unit or home.

6.4  Discharge Criteria

The post-procedure nurse follows standardized min-
imum criteria in collaboration with the proceduralist 
and/or anesthesia provider. The expected outcomes 
before patient is transferred or discharged are:

 1. The established criteria must be met or assess-
ment is comparable to pre-procedure status to 
safely transfer care to an inpatient unit or dis-
charge the patient to home.
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 2. The anesthesia provider or proceduralist (for 
non-anesthesia patients) need to order 
patient’s discharge per criteria.

Nursing responsibilities include cultural, devel-
opmental, and age-specific assessment, diagnosis, 
intervention, and evaluation of individuals who 
have received sedation/analgesia and/or anesthesia 
for surgical, diagnostic, or therapeutic procedures. 
In the absence of the physician responsible for dis-
charge, post-anesthesia care unit (PACU) nurses 
shall determine that the patient meets discharge 
criteria based on established criteria.

The provider (physician) is responsible for 
general medical supervision and coordination of 
patient care in the recovery area (PACU or radi-
ology recovery area), management of complica-
tions and resuscitation, and discharge of patients 
from these areas. In collaboration with PACU 
RNs, the providers develop discharge criteria that 
are approved by the department of anesthesiol-
ogy and medical staff to safely discharge patients 
from the post-anesthesia/procedure area.

6.4.1  Criteria (But Not Limited To)

 1. Activity: Able to ambulate and move all 
extremities at preoperative level or as expected.

 2. Oxygen saturation: Oxygen saturation by 
pulse oximeter upon discharge to home or 
nasal cannula for transfer to inpatient unit is 
at patient’s preoperative/procedure baseline.

 3. Respirations: Able to cough and deep breathe 
freely or within 20% of preoperative/proce-
dure rate.

 4. Pulse: Within 20% of preoperative /proce-
dure rate.

 5. Blood pressure: Within 20% of preoperative/
procedure baseline with two consecutive 
blood pressures 15 min apart.

 6. Temperature: Equal to or greater than 
36.0 °C/96.8 F.

 7. Consciousness/mental status: Level of con-
sciousness and orientation has returned to 
preoperative/procedure baseline.

 8. Pain: Tolerable with basic function or at a rea-
sonable level for the patient, and it has been at 
least 30 min since the last dose of intravenous 
narcotics/sedatives were administered.

 9. Nausea: Nausea/vomiting is absent or mini-
mized with no active vomiting.

 10. Surgical bleeding: Consistent with proce-
dure, bleeding, drainage, swelling, or inflam-
mation is minimal.

 11. Reversal agents: Reversal agents have not 
been administered within 120  min of 
discharge.

6.4.2  Considerations

All criteria must be met with “Yes” or compa-
rable to pre-procedure condition. If any assess-
ment of the above criteria has “No” answer, 
the nurse may not discharge the patient from 
the post- procedure area without consulta-
tion from the anesthesia provider or designee. 
Discharge criteria should be developed in con-
sultation with the anesthesia department using 
the above assessment parameters but not limited 
to. Discharge criteria must be approved by the 
department of anesthesiology and the medical 
staff.

6.5  Common Procedures/Special 
Care/Complications

6.5.1  Arteriogram [10]

An arteriogram (angiogram or arteriogra-
phy) is performed to evaluate various vascular 
conditions, such as an aneurysm, stenosis, or 
blockages.

Arteriograms can be used in many areas of the 
body. Some of the more common types are: aor-
tic angiography, cerebral angiography, coronary 
angiography, extremity arteriography, fluorescein 
angiography, pulmonary angiography, and renal 
arteriography.
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 Special Care
Assess the arterial puncture site frequently or per 
physician’s orders. At each interval assess the 
patient for:

 1. Bleeding—Check dressing for any oozing or 
bleeding from the puncture site and mark the 
size/diameter of any hematoma with a surgi-
cal marking pen. Always check for bleeding 
after the patient coughs or vomits. In the case 
of a femoral approach a hematoma around the 
puncture site can also be indicative of internal 
bleeding into the thigh, pelvis, or retroperito-
neal space. If bleeding does occur, place pres-
sure directly over the site manually until 
hemostasis occurs and report to practitioner.

 2. Circulation—Monitor pulses in the extremity 
used for access for presence and quality. 
Compare to baseline.

 3. Position—On average the patient will remain 
on bed rest for 2 h following radial catheteriza-
tion until hemostasis wristband is deflated and 
removed. If procedure is done through the fem-
oral artery bed rest is usually 4 h post- diagnostic 
catheterization and at least 6 h post-interven-
tional catheterization with head of bed at 30°. If 
a surgical closure device or plug is used, follow 
the manufacturer’s instructions for care.

 4. Cardiovascular status—Monitor closely for 
any arrhythmias, chest pain, or signs of stroke.

 5. Medications—After the arteriogram patients 
may resume most medications. The providers 
should note when to resume anticoagulants or 
medications with those properties.

 6. Other—Drink plenty of fluids; resume a regular 
diet; not perform any strenuous activity or lift-
ing for 2 days; and not take a hot bath for 12 h. 
Additional care for the procedure site, for 1 or 
2  days, includes keeping a bandage/dressing 
over the spot where the catheter was inserted; 
put ice or a cold pack on the area for 10–20 min 
at a time to help with soreness or swelling; and 
may shower 24–48 h after the procedure, or as 
ordered by the physician. Patients should have a 
responsible adult drive them home and stay 
with them for the first 24 h.

 Complications
General risks of an arteriogram include pain, 
bleeding, infection at the place where the catheter 
was inserted, blood clots, hematoma, and damage 
to blood vessels. Other risks include distal embo-
lization, loss of peripheral pulse, retroperitoneal 
hemorrhage, pseudo aneurysm, allergic reaction, 
or renal injury due to the contrast media used. 
Specific types of arteriograms may carry addi-
tional risks.

6.5.2  Cardiac Catheterization  
[8, 9, 11]

A diagnostic cardiac catheterization (often 
referred to as a cath) uses either a radial or femo-
ral artery approach to study coronary vessels and 
left ventricle of the heart. Contrast is injected 
under fluoroscopy to examine the vessels for 
blockage and evaluate the contractility of the left 
ventricle. Additionally, the femoral or brachial 
vein can be accessed using a Swan-Ganz catheter 
to evaluate the right side of the heart. Samples of 
blood can be taken to evaluate the oxygen con-
tent of the heart. An interventional cardiac cath 
encompasses aspects of the diagnostic cath with 
the addition of an intervention such as angio-
plasty and stenting to open blocked arteries and 
restore blood flow to the area of the heart that the 
vessel feeds.

 Special Care
Assess the arterial puncture site frequently or per 
post-cath physician orders.

 1. Monitor closely for any cardiac arrhythmias, 
chest pain, or signs of stroke.

 2. Monitor as for any arterial angiography as 
described in general angiography.

 Complications
Although rare, a coronary arteriography might 
lead to low blood pressure, a stroke, or a heart 
attack. However, serious complication rates are 
very low.
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6.5.3  Percutaneous Drainage 
Procedures [11–17]

Percutaneous drainage is sometimes recom-
mended to treat fluid or air collections which 
produce symptoms. Recurrent fluid collections 
(e.g., seroma) maybe treated by medication 
installation. Drainage catheters are a mini-
mally invasive method of draining abscesses. 
Drains are commonly made of latex, polyvinyl 
chloride, or silicone and placed within either 
wounds or body cavities. Drains may also be 
used postoperatively to form hollow connec-
tions from internal organs to the outside to 
drain a body fluid, such as the T-tube for bile 
drainage, nephrostomy, gastrostomy, jeju-
nostomy, and cecostomy tubes. Drains within 
wounds are removed when the amount of drain-
age decreases over a period of days or, rarely, 
weeks. Body fluid drains are often left in for 
longer periods of time.

Drains and catheters are procedure specific but 
all require maintenance and due diligence. Proper 
catheter/drain management post- procedure is an 
extremely important part of the patient’s plan 
of care (POC). The nurse will be responsible to 
teach the patient and caregivers home care and 
assess their ability to properly manage the cath-
eter/drain, and possibly record drainage amounts 
while at home.

All complications are procedure specific 
however in general; drainage interventions 
may include pain, bleeding or hematoma for-
mation, local arterial thrombus, sepsis, per-
foration and failure of procedure to provide 
relief of symptoms or improve outcomes. 
Accidental early removal may result in caustic 
drainage leaking within the tissues. The risk 
is reduced within 7–10  days when a wall of 
fibrous tissue has been formed. If a drainage 
catheter is accidentally dislodged, the patient 
should know that if the catheter is still needed, 
it should be replaced as soon as possible so the 
track does not close and to ensure the easiest 
replacement.

6.5.3.1  Nephrostomy Tube Placement 
[14, 18–20]

Percutaneous nephrostomy (PCN) is an image- 
guided placement of a catheter into the renal 
collecting system to provide permanent or tem-
porary urinary drainage or to relieve ureteric 
obstruction. Indications for nephrostomy tubes 
are to remove renal calculi, to decompress an 
obstructed system, and to maintain or improve 
renal function following ureteric obstruction 
caused by malignant tumor. PCN is used to 
access the renal pelvis for radiological proce-
dures such as an insertion of an antegrade stent.

Special Care
All percutaneous interventions are considered 
clean-contaminated procedures but are most 
often contaminated when an obstruction is pres-
ent. Follow the antibiotic prophylaxis guidelines 
recommended by the Society of Interventional 
Radiology (SIR). The nurse should pay spe-
cial attention during the “allergy” review in 
anticipation of pre-procedure administration of 
antibiotics. Pertinent lab results would be anti-
coagulation studies, complete blood count with 
platelets, urine culture, electrolyte assessment, 
and creatinine per protocols. Ask the patient 
if they are taking any anticoagulants and the 
last dose; check the medication administration 
record for all inpatients. Contraindications to 
the procedure are bleeding diathesis such as 
hemophilia or thrombocytopenia, uncontrolled 
hypertension, and/or anticoagulant use such as 
warfarin. A urine specimen may be taken dur-
ing the procedure for culture and sensitivity. 
Post-procedure, most patients have bloody urine 
for several hours. Normally this bleeding will 
resolve spontaneously. The nurse should report 
any clots noted. As stated above the most impor-
tant role of the nurse pre- and post-procedure 
is that of an educator, instructing the patient 
and the family on the management, care, and 
flushing of the nephrostomy tube. Patient (and 
caregiver) education should emphasize the fol-
lowing points:
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 1. The patient (or caregiver) can demonstrate 
how to connect and disconnect tube from 
drainage bag.

 2. The drainage bag should be kept lower than 
the insertion site and drainage catheter to 
enable gravity drainage.

 3. The nephrostomy tube can be held in place 
with a special catheter-holding device, and 
then secured to clothing using a safety pin. 
The catheter can be secured to the leg using a 
leg bag with straps. There should be a little 
slack in the tubing to allow for different 
positioning.

 4. Nephrostomy tubes may require flushing to 
maintain patency. Usually 10  mL of sterile 
saline is forward flushed gently. Specific 
flushing instructions will be provided per the 
provider. Aspiration should not be attempted 
without explicit instruction from the provider. 
The patient will need a prescription for the 
necessary supplies for flushing.

 5. Dressing care and skin care at the insertion 
site should be given per the provider’s prefer-
ence and instructions. Wet or soiled dressings 
should be replaced.

 6. Instructions will need to include information 
on activities of daily living and taking care not 
to dislodge the catheter. If the catheter is acci-
dently dislodged it should be immediately 
reported. The longer the catheter is out, the 
more difficult it can become to reinsert as the 
established tract will close.

 7. Drainage bags should not be overfilled; there-
fore they may need frequent emptying. The 
nephrostomy tube leg bags can be connected 
to larger bags for overnight drainage.

 8. Patient should know the signs of a blocked 
drainage catheter and to report any signs of 
infection such as fever, purulent discharge, 
skin breakdown, or leaking around the cathe-
ter at the insertion site.

 9. Patients should also be aware that there will 
be routine scheduled tube changes every 
4–6  weeks or as needed if the nephrostomy 
has to remain in place for a long period of 
time. Patients should be encouraged to sched-
ule appointments in advance and adjust if 
needed.

Complications
Bleeding and sepsis are the two most serious com-
plications of percutaneous nephrostomy which 
will be the same for any intervention that requires 
a drain/catheter placement. All general complica-
tions listed for any drains/catheter also pertain.

6.5.3.2  Biliary Tube Placement [13, 16, 
17, 21, 22]

Bile is produced by the liver and aids in the break-
down of food and flows from the liver, through 
the bile ducts, and into the intestines. When the 
bile ducts become blocked due to inflammation, 
tumors, or infection, bile backs up into the liver. 
This build-up can cause sepsis, nausea and vom-
iting, anorexia, and fever. It causes jaundice, pru-
ritus, and dark urine. Biliary drainage requires 
the insertion of a catheter into the bile duct and 
t drainage tube into one of the bile ducts in the 
liver to allow bile out. A biliary drain allows bile 
to flow from the liver into either a bag or the intes-
tines depending on the procedure. Percutaneous 
transhepatic biliary drainage (PTBD) is often 
related to ongoing care of the oncology patient 
but plays an essential part in the treatment of bili-
ary obstruction whatever the cause.

Special Care
Prior to the procedure the patient’s interna-
tional normalized ratio (INR) and platelet count 
should be reviewed. At many institutions 1.5 is 
the maximum INR and the minimum platelet 
count is 50 per microliter for the initial place-
ment. Institutions may vary on these parameters. 
Any percutaneous procedure involving infected 
drainage and the passage of a tube through highly 
vascularized organs has an increased risk of sep-
sis. Prevention is the best treatment for sepsis. 
The standard of care is the administration of 
pre- procedure broad spectrum antibiotics to all 
patients unless contraindications prohibit it.

Proper catheter/drain management is an 
extremely important part of the patient’s plan 
of care (POC). The nurse will be responsible to 
teach the patient and any caregivers present per-
tinent after care and assess their ability to prop-
erly manage the drain at home. Education should 
include the following:
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 1. Check dressing and catheter daily. Change 
dressing if it is loose, soiled, or saturated. 
Inspect the insertion site while dressing is off. 
There should not be redness, swelling, or 
leaking fluids.

 2. Flush catheter daily with 10 mL sterile saline 
using sterile technique. Flush forward only. 
Stop if there is resistance, pain, or leaking 
around the insertion site and notify the pro-
vider. Provide a prescription for all necessary 
supplies for flushing.

 3. Manage drainage. Empty and measure the 
drainage as necessary. Record the amount of 
drainage. If more than 500 mL in a 24 h period 
notify provider.

 4. Report fever/chills or sudden lack of 
drainage.

 5. Follow-up care includes routine drain changes 
in IR, usually 8–12  weeks or as needed. 
Patients should be encouraged to schedule 
appointment in advance and adjust if needed.

Complications
Minor:

 1. Fever, chills, and rigors can be treated with 
antibiotics, antipyretics, and possibly meperi-
dine to control rigors

 2. Bile leakage into the surrounding tissue which 
can be alleviated with proper flushing 
technique.

 3. Surgical pain at the insertion site which can be 
anticipated and usually resolves within a 
48–72 h period.

Major:

 1. Sepsis can be a life-threatening complication 
if not treated. Administration of prophylactic 
antibiotics pre-procedure is one of the best 
ways to prevent infection from turning into a 
sepsis situation.

 2. Bleeding excessively, either venous or arte-
rial, must be promptly recognized and treated. 
Signs of bleeding are rapid accumulation of 
blood into the drainage bag, excessive bleed-
ing around the dressing, or spurting blood. 
The patient may require an embolization (see 

embolization) in IR to treat the blood flow or 
have surgery for correction of the cause. 
Recognition and proper management of these 
rare but potential complications are an essen-
tial part of the IR nurse’s skill set.

6.5.3.3  Abscess Drainage [15–17, 20]
Historically, intra-abdominal abscesses were 
treated with surgical drainage. This intraopera-
tive method of drainage was associated with sub-
stantial morbidity and mortality. Over the last 
20 years advances in image-guided percutaneous 
drainage have provided a more effective and safer 
choice than surgical debridement, while in fact 
being classified now as the treatment of choice. 
Image-guided percutaneous abscess drainage 
(IGPAD) is minimally invasive and the rela-
tively simple choice to avert development of sep-
sis, thereby reducing the hospital length of stay 
(LOS), reducing the cost of treatment, and often 
able to be done on an outpatient basis. Ultrasound 
(US) and CT are the most commonly used imag-
ing modalities to guide IGPAD and fluoroscopy 
is also used to guide serial dilatation and drain 
placement following successful needle access.

Special Care
Prophylactic antibiotics may be considered prior 
to drain insertion. Positioning is variable depend-
ing on the location of the abscess. Depending on 
the location and size of the abscess local anes-
thesia may be sufficient but moderate sedation is 
often used as the patient is already experiencing 
pain caused by the abscess. As described above 
(see nephrostomy tube) catheter/drain manage-
ment post-procedure is an extremely important 
part of the patient’s plan of care (POC). The nurse 
will be responsible to teach the patient and care-
givers home care and assess their ability to prop-
erly manage the catheter/drain at home. Drainage 
from the catheter should be measured and emp-
tied every 8–12 h. Amount of flush and frequency 
is decided per provider. Follow up abscessogram, 
which is an injection of a small amount of con-
trast media through the drainage catheter fol-
lowed by digital fluoroscopy or CT. Examination 
is done at routine intervals (weekly, bi weekly, 
monthly) to assess the decrease in the abscess 
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size and characteristics. Often when there are less 
than 20 mL returned in a 24 h period, the drain 
can be removed by the provider.

Complications
Patient and caregivers are instructed to notify the 
provider immediately if:

 1. Temperature is greater than 101.5  F, chills, 
nausea, and or vomiting (sepsis/peritonitis).

 2. Swelling, redness, increased warmth, or drain-
age/leakage at the procedure site (local infec-
tion, sepsis, peritonitis).

 3. Excessive pain or bleeding at the site or drain-
age in catheter becomes bloody (hemorrhage).

 4. Sudden increase in drainage (>50 mL daily) 
could indicate the development of a fistula.

 5. If sutures break or become loose, drain falls 
out, drainage stops, or resistance is met when 
flushing.

6.5.4  Percutaneous Biopsy [12, 14, 
17, 23, 24]

Percutaneous biopsy is one of the most com-
mon procedures done in interventional radiol-
ogy. A tissue sample can differentiate a benign or 
malignant tumor. Common biopsy sites include 
the thyroid, muscles, lungs, abdominal structures 
(liver, kidney), pelvic organs, lymph nodes, and 
bone. The type and location of the target lesion 
determines what image modality will be used. 
Ultrasound (US), fluoroscopy, computed tomog-
raphy (CT), and magnetic resonance imaging 
(MRI) are all utilized for biopsy procedures. For 
the most part there are very few contraindica-
tions to performing a biopsy under local anes-
thetic; however, sedation may be necessary for 
the patient to remain still during the procedure. 
Patients must understand that test results may not 
be available on the day of the procedure. If the 
test results are not available, the patient will be 
instructed to make an appointment with the refer-
ring physician to discuss the results. The patient 
should be told not to assume everything is normal 
if they have not been contacted by the physician 
or the medical facility as test result time varies. 

Emphasis should be on the importance of follow-
ing up on all test results.

6.5.4.1  Liver Biopsy [17, 20, 23, 25]
US- and CT-guided liver biopsies are commonly 
used for diagnosing and staging many chronic 
liver diseases. Due to coagulopathies that com-
monly occur in patients with hepatic disease, 
bleeding is the most common and potentially 
critical complication. In some instances the inter-
ventionalist will use a transjugular approach. 
Transjugular liver biopsy (TJLB) is the alter-
native to a percutaneous approach in hepatic 
patients with diffuse liver disease, coagulopa-
thy, and ascites. With this approach there is a 
decrease in the potential for bleeding afterward 
and pressure measurements may be done during 
the biopsy that can determine the degree of portal 
hypertension.

Special Care
 1. Perform usual procedural workup with special 

attention to blood work (complete blood 
count/platelets, chemistries, and coagulation 
studies).

 2. Anticipate moderate sedation for anxiety and 
pain relief. It is important to go over every-
thing that will happen in a calm and assuring 
manner. Many patients actually feel the biopsy 
being retrieved and it can be frightful. 
Informing them ahead of time without great 
detail allows them to be prepared and know 
that this is normal for the procedure.

 3. After the procedure patients will lay on their 
right side with an ice pack over the biopsy 
site. Patient remains NPO until cleared by 
physician in case of any complication.

 4. Studies indicate that most complications 
occur within 2 h post-procedure but can occur 
up to 24 h later. The recovery time varies from 
institution to institution. Anywhere from 1 to 
5 h could be considered normal.

 5. Patients should have a responsible adult drive 
them home and stay with them for the first 
24 h.

 6. Instruct the patient not to lift more than five 
pounds or play contact sports for 2 weeks.

 7. Instruct patient not to drive for 24 h.
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 8. Instruct the patient to resume medications per 
provider’s order.

 9. Ensure understanding of dressing changes as 
directed.

Complications
Minor:

 1. Localized and temporary discomfort at the 
site of the biopsy.

 2. Pain that requires an analgesic (referred pain 
to shoulder may occur).

 3. Low blood pressure due to a vasovagal 
response.

Major:

 1. Intraperitoneal hemorrhage.
 2. Intrahepatic or subcapsular hematoma.
 3. Biliary peritonitis.

6.5.4.2  Lung Biopsy [12–14, 24]
CT-guided percutaneous lung biopsy is the mini-
mally invasive method to obtain tissue for his-
topathology and microbiologic analysis from 
pulmonary lesions suspected to be malignant or 
infectious in nature. The technique uses a needle 
passed through an intercostal space to obtain tis-
sue from peripheral pulmonary lesions. There 
is a great degree of accuracy, sensitivity, and 
specificity in detecting malignancy, explicitly a 
primary lung or metastatic disease. An on-site 
cytology technologist may be desired to assure an 
adequate tissue sample. A lung biopsy can diag-
nose bacterial, mycobacterial, viral, or fungal 
infections that have been intractable to a standard 
treatment regimen. Lung specimens can be valu-
able in clarifying the diagnosis and response to 
treatment in the case of chronic lung disease such 
as sarcoidosis, pulmonary fibrosis, or rheumatoid 
lung disease.

Special Care
Pre-procedure planning will include having a 
recent CT or positron emission tomography 
(PET) scan of the chest and any available relevant 
images that the radiologist can use to determine 
appropriateness of the proposed biopsy and gauge 

rate of growth, size, and location of the lesion. 
These will help determine whether the percuta-
neous approach is feasible and will be the most 
effective. At the time of scheduling the patient 
will be instructed to hold any anticoagulant for 
3–5  days prior to the procedure. Relevant labs 
will be ordered. The provider will determine safe 
lab levels for proceeding with the procedure. It is 
imperative that the patient is able to remain still for 
this procedure, therefore nurse administered seda-
tion or anesthesia is needed. Contraindications for 
this procedure include an uncooperative patient, 
patient with altered mental status, intractable 
cough, patients using positive pressure venti-
lation, severe respiratory compromise such as 
patients with prior pneumonectomy, severe inter-
stitial disease, or pulmonary hypertension.

In the pre-procedure area the patient is 
prepped in the usual fashion. Lab results, history, 
and physical are checked by the pre-op nurse, 
provider, and sedation provider/anesthesia. As in 
all interventional procedures the nurse’s ability 
to educate the patient about what to expect intra-
op and post-op is paramount to having a suc-
cessful outcome. Post-procedure the patient will 
remain 2–4 h for recovery. The patient will be in 
a “biopsy” side down position. A chest X-ray is 
done immediately post-procedure and then 2  h 
later. If the patient experiences chest pain and 
or shortness of breath, a comparison between 
the two will show any pneumothorax progres-
sion and whether a chest tube is warranted for 
re- inflation of the lung.

Complications
Most complications occur immediately or within 
the first 2 hours but can occur after discharge.

Minor:

 1. Pneumothorax: Average of 20% patients 
develop a pneumothorax of some degree. 
Most resolve without intervention; however, 
5% require chest tube placement and admis-
sion for subsequent days. A Heimlich valve 
with chest tube is used [24].

 2. Hemoptysis: Lung tissue becomes irritated 
with the biopsy and small amounts of blood 
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are released into the airways. This may cause 
the patient to cough up small bits of blood; 
this resolves without intervention in most 
cases.

 3. Localized hemorrhage: Biopsy gun fires and a 
shock wave is formed distal to the needle. The 
mild hemorrhage or hematoma resolves on its 
own.

Major (Rare):

 1. Chest wall hematoma: Rare but significant 
chest wall hematoma and hemothorax may 
develop if the intercostal or internal mammary 
arteries are injured during the biopsy. This 
will most likely require surgical intervention 
and evacuation.

 2. Massive hemorrhage: Very rare but will 
require immediate resuscitative interventions. 
Patient will be hypoxic and is at risk for 
asphyxiation and death.

 3. Tumor seeding: Seeding is a risk that tumor 
will spread along the track of the needle 
biopsy when a core biopsy is taken. Risk is 
very rare.

 4. Air embolism: This can be fatal. Reported 
incidences are less than 0.003% [26].

6.6  Embolization [17, 25–28]

Embolization is a minimally invasive treatment 
that blocks one or more blood vessels or abnor-
mal vascular channels. In a catheter emboliza-
tion procedure, medications (liquid embolic or 
sclerosing agents) or synthetic materials called 
embolic agents (coils, particles, microspheres/
beads, plug or absorbable gelatin compressed 
sponge such as Gelfoam®) are placed through 
a catheter into a blood vessel to prevent blood 
flow to the area. Catheter embolization can be 
applied to almost any part of the body to control 
or prevent abnormal bleeding. Embolization is 
commonly the first line of treatment in gastroin-
testinal bleeding of any cause. Hemorrhage from 
trauma maybe treated using embolization versus 
open surgery. Uterine fibroids which can cause 

heavy menstrual bleeding and bulk symptoms can 
be treated by uterine artery embolization (UAE) 
in some cases. UAE is also utilized for post-par-
tum hemorrhage (see Sect. 6.3.3). Embolization 
is performed for arteriovenous malformations (in 
brain, lungs, other). Embolization may be used 
alone or combined with other treatments such as 
surgery or radiation.

Embolizations require arterial access either 
trans-femoral or radial. As such much of the care 
pre-procedure and post-procedure are the same 
as routine arteriography care, no matter what 
type of embolization is being done (see Chap. 9).

Pre-procedure

 1. Refer to Sect. 6.6.2. Additional pre-procedure 
assessment and intervention comments are 
below.

 2. All outpatients will be made aware that they 
may be admitted post-procedure or, if dis-
charged to home, made aware that a responsi-
ble adult should be available to take the patient 
home and stay overnight with the patient.

 3. Radial artery approach:
Assess left radial artery only. Perform a Barbeau 

test and document the waveform. For a radial 
approach, the intravenous access site should be 
on right side if no patient contraindications.

Post-procedure

 1. Refer to Sect. 6.6.3 for a femoral approach.
 2. For a radial approach and hemostasis refer to 

Chap. 9

6.6.1  Chemoembolization [29, 30]

Trans-arterial chemoembolization (TACE) is 
the combination of local delivery of chemother-
apy and embolization to treat cancer, most often 
of the liver. In chemoembolization, anticancer 
drugs are injected directly into the blood ves-
sel feeding a cancerous tumor. In addition, syn-
thetic material called an embolic agent is placed 
inside the blood vessels that supply blood to 
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the tumor, in effect trapping the chemotherapy 
in the tumor. This method is often used to treat 
inoperable tumors in the liver. Approach can be 
trans-femoral or radial artery. Chemo handling 
and disposal policies and procedures should be 
followed by the IR team.

 Special Care
Often patients have disease-related pain which is 
difficult to control, chemotherapy-induced nau-
sea, vomiting, fatigue, and anxiety. Systemic che-
motherapy agents can affect the immune system 
increasing chances of bleeding and/or infection. 
As the IR nurse preparing a patient for TACE 
(or any interventional oncology procedure), it is 
important that there is awareness of the impli-
cations the patient’s systemic disease may have 
pre- and post-procedure. Laboratory values can 
be affected by a patient’s disease process or 
systemic treatment which can exacerbate the 
symptoms of the procedure. Understanding the 
clinical presentation and communicating it to the 
interventional radiology team allow for optimal 
management.

All elements of pre-procedure and post- 
procedure care for embolization with arterial 
access are outlined in Sect. 6.6. Attention to the 
most recent blood work (platelet counts, absolute 
neutrophil count, liver/renal function and antico-
agulation values) is needed. Administration of 
antiemetics and pain medications is important. 
Chemotherapy precautions are followed intra- 
procedure. There is no special precautions post- 
procedure related to chemotherapy as the drug is 
not systemic.

Liver-directed therapies such as TACE can 
levy or exacerbate already present symptoms 
in many patients such as fatigue, pain, and nau-
sea and vomiting. There are also effects from 
TACE on liver function or the contrast medium 
effects on the kidneys. These values can become 
elevated post-TACE and need close monitor-
ing. Understanding the potential symptoms and 
risks patients can have allows the IR nurse to 
adequately assess and manage the patient before, 
during, and after the procedure with guidance 
from the interventional radiologist.

 Complications
Minor:

 1. Most TACE patients experience post- 
embolization syndrome (PES). It most proba-
bly occurs due to the anti-inflammatory 
responses to tumor ischemia/necrosis and 
chemotherapy agents. Symptoms of low- 
grade fever, abdominal pain, and nausea and 
vomiting can occur within the first 24–72  h 
after the procedure and last up to a week. 
Symptom management with antiemetics, nar-
cotics, and fluids are the treatment of choice 
until the sequelae passes. Acetaminophen is 
contraindicated for pain due to its hepatic 
toxicity.

Major:

 1. Liver failure.
 2. Biloma (an encapsulated bile collection out-

side the biliary tree due to a bile leak) is a rare 
but potentially life-threatening complication 
if it is symptomatic. Timely and appropriate 
management, including percutaneous drain-
age, partial hepatectomy, and antibiotic 
administration, should be performed in the 
case of any signs of infection [29].

 3. Liver Abscess.
 4. Nontargeted extra-hepatic embolization can 

occur when chemotherapeutic or embolic 
agents are delivered to the gastrointestinal 
mucosa, gall bladder, diaphragm, or skin.

6.6.2  Radio Embolization  
[17, 20, 26, 31]

Yttrium-90 (90Y) microspheres are tiny spheres 
loaded with 90Y, a radioisotope that emits pure 
beta radiation. 90Y has a half-life of about 64 h. 
The radiation from 90Y is largely confined to a 
tissue depth of 2–3 mm. After injection into the 
artery supplying blood to the tumors, the spheres 
are trapped in the tumor’s vascular bed, where 
they destroy the tumor cells by delivering the 
beta radiation. Normal tissue is not affected. 
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Most of the radiation emitted from the tumor is 
contained within the patient’s body, and external 
radiation is so low that it does not present a sig-
nificant risk to others. Because the spheres may 
have trace amounts of free 90Y on their surface, 
only very small amounts of 90Y can be excreted 
in the urine. This is a palliative and not curative 
procedure [29].

 Special Care
The patient is NPO for the procedure but may 
take maintenance meds in the morning with a 
sip of water. IV hydration may be included in 
the pre-procedure orders; all elements of pre- 
procedure and post-procedure care for emboliza-
tion with arterial access are outlined in Sect. 6.6.

Post-procedure, the patient may experience 
fever, lethargy, fatigue, nausea, and abdominal 
pain (PES). Despite these potential side effects, 
typically patients who receive 90Y therapy are 
discharged the same day. On discharge, pre-
scriptions are given for a proton pump inhibi-
tor, steroids, antiemetic, and pain medications. 
90Y microspheres are a source of radioactivity. 
There is a small amount of radioactivity around 
the liver. Therefore, if a patient goes to the emer-
gency department within 3 days of 90Y treatment, 
they should be instructed to identify that they 
have had a recent radioembolization. All bodily 
fluids must be properly disposed in the first 24 h. 
Hands should be washed after using the rest-
room and any spill should be wiped and flushed. 
Patients do not need to restrict close contact with 
household members, unless a caregiver/family 
member is pregnant or under the age of 10. In 
those specific instances you must remain at arms- 
length for 72 h.

 Complications
Minor:

 1. Post-embolization syndrome (PES) as 
described in Sect. 6.6.

 2. Gastric or duodenal ulceration which can be 
minor or major depending on the symptomol-
ogy. Patient can be treated with prophylactic 
proton pump inhibitors to decrease the likeli-
hood of this.

Major:

 1. Radiation pneumonitis (seen 2–3 months after 
procedure).

 2. Radiation hepatitis (seen 2–3  months after 
procedure).

 3. Acute pancreatitis.

6.6.3  Uterine Artery Embolization 
[27, 28, 32]

Uterine artery embolization (UAE) is often 
used to treat pelvic hemorrhage secondary to 
trauma, malignancy; radiation induced bleed-
ing and postpartum hemorrhage. Early vascular 
intervention can delay or avoid the need for hys-
terectomy. Done in this manner the procedure 
is considered emergent. UAE is performed by 
accessing the right femoral artery and guiding a 
catheter under fluoroscopy into position in the 
distal uterine artery. Embolization is performed 
using a gelatin sponge material (Gelfoam®) 
mixed with saline and contrast for opacifica-
tion. Complete embolization is reached once 
stasis of blood flow in the uterine artery has 
been achieved.

Secondly, UAE is done to treat uterine fibroids 
which cause heavy menstrual bleeding, pain, and 
pressure on the bladder and bowel. When done 
to treat fibroids the procedure is also known as 
a uterine fibroid embolization (UFE). UFE is an 
elective procedure and as such the patient should 
have a prior consult with the radiologist. One 
of the major contraindications to the procedure 
is the desire to maintain childbearing potential. 
While not impossible to have successful preg-
nancy after UAE or UFE, studies show increased 
risks of spontaneous abortion, abnormal pla-
centa position, and postpartum hemorrhage. The 
patient and the clinician must do a careful risk/
reward analysis prior to the procedure.

 Special Care
A pregnancy test should be performed on the 
day of the procedure; serum pregnancy is more 
sensitive. The patient is NPO for the procedure 
but may take maintenance meds in the morn-
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ing with a sip of water. Local anesthetic and/
or moderate sedation will be used for the pro-
cedure. A pain pump may be started during the 
procedure for pain control. Preparation should 
be made in advance. All elements of pre-proce-
dure and post- procedure care for embolization 
with arterial access are outlined in Sect. 6.6. 
A urinary drainage catheter is usually inserted 
to keep the bladder deflated during the proce-
dure. It will be removed after the procedure. 
The patient may stay overnight for symptom 
control but often is done as an outpatient. In 
the acute post- procedural period, immediate 
complications may relate to vascular access, 
thromboembolic events, infection, and pain 
management. As with all embolization, post-
procedure, the patient may develop post-embo-
lization syndrome (PES), experiencing fever, 
lethargy, fatigue, nausea, as well as abdominal 
pain and pelvic cramping. Symptom manage-
ment with antiemetics, narcotics, and IV fluids 
are the treatment of choice until the symptoms 
resolve. There can be a high rate of constipation 
post-procedure in this group of patients due to 
fibroids pressing on bowel and opioids for pain 
management. Over the counter stool softeners 
and good hydration maybe ordered.

 Complications
Awareness of the known complications of UFE 
may allow more rapid diagnosis and effective 
therapeutic responses to complications when 
they occur.

Minor

 1. Post-embolization syndrome (PES).
 2. Expulsion of fibroid tissue.
 3. Altered ovarian and sexual function.
 4. Subcutaneous tissue necrosis.
 5. Treatment failure.

Major

 1. Pulmonary embolus.
 2. Uterine ischemia, necrosis.
 3. Sepsis.
 4. Death.

6.7  Radiofrequency Ablation [33]

Radiofrequency ablation (RFA) maybe indi-
cated for lung, liver, renal, and bone malignan-
cies. Thermal ablation with RFA, cryoablation or 
microwave ablation (MWA), a newer technique, 
may be done. Ablation is often a palliative treat-
ment for patients who are poor surgical candidates 
due to comorbidities. Computed tomography 
(CT) is the preferred modality. Ultrasound (US) 
or magnetic resonance imaging (MRI) guidance 
(for cryoablation) can be done.

Careful team assessment and planning is 
needed prior to this procedure. Absolute and rela-
tive contraindications should be considered. The 
patient should be screened for metallic implants 
and pacemakers. It is preferable to have more than 
one large bore intravenous access. Nursing care 
will involve care as per procedures that require 
sedation and analgesia/anesthesia. Antiplatelet 
and anticoagulation medications are held per 
physician order. Additional laboratory tests, e.g., 
serum tumor markers, may be requested. Pre-
procedure antibiotics are given. Patient education 
is an important part of nursing care for patients 
undergoing ablations.

 Special Care
Pain management is an important consideration 
as the procedure is painful and the patient needs 
to lie still during the procedure.

Intraprocedural care for thermal ablation 
involves the use of grounding pads, usually 
placed horizontally on the patient’s thighs. 
These are used to prevent skin burns. Cool packs 
may be used on the grounding pads, if needed. 
Procedures can be lengthy, so careful position-
ing of the patient for the procedure is needed 
for comfort and for prevention of skin/nerve 
injuries.

Patient vital signs should be monitored closely 
post-procedure for signs of bleeding. Patients 
often are hospitalized overnight for pain control 
and observation. Patients should be informed 
post-ablation syndrome is common after thermal 
ablation, 1–2 days post-procedure and for 1 week. 
Symptoms include low-grade temperature, mild 
myalgia, and fatigue. Treatment is supportive. 
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Patient discharge instructions should emphasize 
the importance of follow-up, e.g., by CT or other 
modality.

 Complications
Complications include infection, bleeding, 
injury to tissue adjacent to the target area, 
nontarget ablation (e.g., ureteral injury, psoas 
muscle, bowel injury after renal ablation), post-
ablation syndrome (expected), skin burns, or 
others according to area on which the proce-
dure was done. Hematuria may occur after renal 
interventions. Pyeloperfusion may be done to 
prevent thermal injury during some renal abla-
tions. Hydrodissection, by infusing normal 
saline, to separate target and nontarget tissue 
may be done.

6.8  Conclusion [25, 34, 35]

As an extension of perioperative services, IR fol-
lows the guidelines and care standards of ASPAN 
and ARIN.  Guidelines by the Association of 
PeriOperative Registered Nurses (AORN) are 
also useful for perioperative and intraprocedure 
care of the patient. The role of the IR nurse, with 
a background in a critical care or perioperative 
area involves assessment, planning, care, and 
education of patients who undergo diagnos-
tic, interventional, and therapeutic procedures. 
Radiology nurses must have high level of tech-
nical and clinical skills garnered by a strong 
grasp of anatomy, physiology, and radiologic 
science. Critical thinking and planning, along 
with the ability to balance, organize high work-
load demands (clinically and operationally), and 
care for patients with a variety of procedures is a 
necessity to manage the rapid turnover of a hos-
pital or ambulatory center intertwined with the 
needs of the most critical of patients.
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7.1  Introduction

Advances in technology, increasing procedure 
complexity, and a growing older population have 
contributed to the explosion of interventional 
and diagnostic procedures requiring sedation. 
Procedural sedation and analgesia (PSA) is a 
continuum of stages that encompasses mini-
mal, moderate, and deep sedation (Fig.  7.1). 
This continuum has been further defined by the 
American Society of Anesthesiologists (ASA) 
that comprises all levels of sedation plus moni-
tored anesthesia care (MAC—is a moniker used 
for the specific act of administration of sedation/
analgesia by anesthesia practitioners and does 
not describe the stage of sedation) and general 
anesthesia. Within this continuum, movement 
between the stages is possible regardless of phar-
macological agent and familiarity with rescue 
techniques associated with the intended level 
of sedation and the next corresponding stage is 
essential for the practitioner providing sedation. 
For this reason, deep sedation is often relegated 
to patients under the care of anesthesia provid-
ers with advanced airway skills. Understandably, 
some radiology departments choose anesthesia 

services for procedures requiring more than just 
moderate PSA.  The practice of deep sedation 
and its administrator is presently a hot debatable 
issue in current literature; however, the practice 
of deep sedation is within the radiologist’s and 
registered nurse’s scope, and a growing body of 
literature in other departments like endoscopy, 
intensive care units, and emergency rooms dem-
onstrate the safety of deep PSA by appropriately 
trained multidisciplinary teams.

In radiology settings, PSA is provided by 
either a radiology nurse, a licensed independent 
practitioner (LIP-nurse practitioner or physician 
assistant), an anesthesia practitioner (anesthesiol-
ogist, nurse anesthetist, or anesthesiologist assis-
tant), or a radiologist. As defined by the ASA’s 
“Practice Guidelines for Moderate Procedural 
Sedation and Analgesia 2018,” minimal sedation 
is performed using a pharmacological agent and 
the patient is able to respond to verbal commands 
and their cardiopulmonary functions are intact [1]. 
In moderate PSA, the patient responds “purpose-
fully” to verbal instructions or tactile stimulation, 
independently maintains airway and ventilatory 
drive but may need cardiovascular support. In 
deep PSA, the patient is unconscious, responding 
only to repeated verbal prompts or pain, and may 
require ventilatory and cardiovascular support. 
Defining each stage utilizing subjective terminol-
ogy like “purposively” leads to its wide interpre-
tation and therefore variations in moderate PSA 
exist. Due to current guidelines, approved by the 
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American College of Radiologists (ACR) and 
the Society of Interventional Radiologists (SIR), 
the following sections of this chapter will gener-
ally pertain to moderate PSA unless specifically 
noted otherwise [1].

7.2  Indication and Goals

PSA is an important service offered to patients 
in radiology and imaging settings. Patient com-
fort and satisfaction remain the primary goals of 
PSA. The main objectives of PSA target anxioly-
sis, amnesia, and/or analgesia. However, not one 
pharmacological agent possesses all these attri-
butes and not all procedures necessitate all three.

Lengthy procedures, inability to hold one-
self still, and the need for precision/accuracy 
are other reasons for utilizing PSA for relatively 
painless procedures or those that can be feasibly 
performed under local anesthesia infiltration. 
Having to remain immobile for lengthy period of 
time is almost an impossible task, even among 
the healthiest of patients. Also, many procedures 
performed by diagnostic or interventional radi-
ologists require precision for accurate diagnoses, 
and the need for an immobile patient becomes 
paramount. PSA is an option that can facili-
tate procedural completion and may improve 

diagnostic outcomes compared with the awake 
patient that is unwilling to remain motionless. 
Nevertheless, only administer the drug necessary 
for the procedure and the amount that is required 
for procedure completion and patient comfort. 
Unwarranted or excessive administration of sed-
atives or analgesics can delay recovery or push 
the patient further along the sedation continuum. 
Polypharmacy, the use of multiple drugs (opioid 
+ benzodiazepine + alpha-2 agonist + H1 receptor 
blocker) in the delivery of sedation, or different 
combinations of the same class of drug (opioid 
1 + opioid 2 and benzodiazepine) is strongly dis-
couraged. Ultimately, procedural knowledge and 
good communication with the proceduralist can 
ensure a successful PSA practice.

Finally, it is important to be mindful of seda-
tion’s limitations, particularly in procedures that 
are extremely painful or complex. Conversion to 
anesthesia due to the inability to provide adequate 
PSA or oversedation can be avoided by intimate 
knowledge of the procedure and sedation phar-
macology. Appropriate training and knowledge 
of the procedures is vital prior to allowing any-
one (physician, LIP, or nurse) to administer 
PSA. A provider’s credentials do not translate to 
competence and every department’s leadership 
should have in place a process that properly vets 
and trains each PSA practitioner prior to allow-
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ing them access to patients. This includes and is 
not limited to: sedation pharmacology, radiol-
ogy procedures, infusion pump technology, vital 
signs monitor technology, capnography interpre-
tation, department workflow, handoff techniques, 
medication safety practices, airway management 
to include bag-valve-mask technique, and the 
Joint Commission’s standards for moderate seda-
tion practice.

7.3  Preprocedure Evaluation

A preprocedure evaluation, in conjunction with a 
physical examination, should be performed prior 
to initiating PSA and includes all of the follow-
ing: a medical/surgical/social history, current 
medications (both prescribed and over the coun-
ter), airway evaluation, level of consciousness, 
food and drug allergies, and previous experiences 
with sedation or anesthesia. It is an additional 
means for identifying information that may have 
changed or missed since meeting with the physi-
cian in the office. Finally, it provides the sedat-
ing practitioner with baseline characteristics such 
as pain scores, level of consciousness, or unique 
patient characteristics that would require altera-
tions during PSA. The physical examination and 
evaluation are performed by either the LIP or the 
radiologist. Finally, informed consent for the pro-
cedure is obtained prior to the administration of 
PSA and should include the PSA plan, its risks, 
benefits, and alternatives if any are available.

7.3.1  Patient Selection and Setting

Every patient should be evaluated for their 
appropriateness for PSA by assigning an ASA 
Physical Status (ASAPS) classification number 
(Table 7.1). Its purpose is to grade the patient’s 
overall health status prior to surgery or proce-
dure and has been identified as an independent 
predictor of morbidity and mortality when clas-
sified correctly [2]. ASAPS 1 and 2 is at lowest 
risk for the development of complications and 
therefore appropriate for PSA. Patients classified 
as ASAPS 3 or 4 may require consultation with 

the anesthesia department to identify any addi-
tional considerations or their appropriateness for 
PSA. Any patient classified as an ASAPS 5 are 
not appropriate candidates for PSA without an 
anesthesia practitioner and therefore should not 
be performed by a sedation nurse.

Another condition that should not be per-
formed without an anesthesia practitioner is a 
patient with susceptibility to malignant hyper-
thermia (MH). MH is an autosomal dominant 
pharmacogenetic disorder that is triggered by 
inhalational anesthetics and the muscle relaxant 
succinylcholine, often used during emergent intu-
bation scenarios. Once exposed, the patient expe-
riences a progressive hyperdynamic metabolic 
state characterized by muscle rigidity, hyper-
thermia, and rhabdomyolysis. Without treatment 
with dantrolene, the only known  antidote, mor-
tality is extremely high. Even without exposure 
to triggering agents, MH-susceptible patients 
have exhibited symptoms and therefore require 

Table 7.1 ASA physical status classification

Class Definition Examples
1 Healthy patient 30-year-old 

nonsmoking 
nonpregnant woman 
with no systemic 
disease

2 Mild or moderate 
systemic disease

Smoker
42-year-old with HTN 
(well controlled)
Pregnant woman

3 Multiple systemic 
diseases or major 
systemic disease that 
affects activity

Morbid obesity 
(BMI > 40)
Chronic renal failure on 
dialysis

4 Life-threatening 
severe systems 
disorders

Symptomatic CHF
Recent MI

5 Moribund patients 
with little chance of 
survival without 
surgery

Ruptured aneurysm
Major trauma

6 Organ donor

E—denotes emergency when paired with the class 
number
HTN hypertension, BMI body mass index, CHF conges-
tive heart failure, MI myocardial infarction
ASA Physical Status Classification, adapted from the ASA 
Physical Status Classification Table published online at 
https://www.asahq.org/standards-and-guidelines/asa-physical- 
status-classification-system
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ongoing intensive evaluation. Identifying these 
patients prior to any procedure and referral to 
anesthesia services is key to their survival. Any 
patient exhibiting tachycardia, masseter muscle 
spasm, hypercarbia, and hyperthermia of an 
unknown etiology during a procedure should 
alert the sedating practitioner to the potential for 
this disorder and immediate consultation with 
anesthesia is warranted.

7.3.2  Risk Assessment 
and Prevention

In addition to assigning an ASAPS score, the 
immediate preprocedure evaluation is that final 
moment to identify certain physiological, histori-
cal, or social characteristics, previously missed, 
that would make them a poor candidate for PSA 
or increase their risk for complications related to 
the sedation pharmacology. Although these char-
acteristics have the potential for significant mor-
bidity and mortality, not all are contraindications 
for PSA. Identification of these risk factors and 
appreciation of their associated complications 
prior to the procedure allows time for patient 
optimization and the appropriate alterations to 
the PSA plan (Table 7.2). Factors that predispose 
a patient to complications can be related to all of 
the following: patient, procedure, proceduralist, 
pharmacological agent, sedating practitioner, and 
environment.

7.3.3  Airway Assessment

The purpose of the airway assessment is to iden-
tify physical characteristics that may contribute 
to difficult bag-mask ventilation and intubation. 
For the patient undergoing PSA, without an anes-
thesia provider, the ability to bag-mask ventila-
tion is arguably more important than identifying 
whether it would be difficult to emergently intu-
bate; if you can ventilate with a bag-valve-mask 
(BVM) oxygen can be delivered to the lungs. 
However, the Modified Mallampati Classification 
has low specificity in identifying patients that are 
difficult to mask ventilate [3].

Modified Mallampati classification (Fig.7.2) 
stratifies patients based on oropharyngeal char-
acteristics. Patients should be instructed to sit 
upright and protrude the tongue as far as possible 
with a wide-open mouth. It is important for the 
patient to perform this maneuver without phona-
tion (saying AH!) which can provide an inaccu-
rate Mallampati assessment. Mallampati scores 
1 and 2 are not associated with difficult intuba-
tions; however, this should not preclude the pos-
sibility of a difficult airway. Difficult intubations 
(93%) and difficult mask ventilations (94%) 
were unanticipated in a Denmark study of over 
180,000 patients [4]. A Mallampati 3 or 4 may 

Table 7.2 Complications and risk factors

Complication Risk factors/characteristics
Aspiration of gastric 
contents

Gastroesophageal reflux
Diabetes mellitus
Cerebral vascular accident
Obesity
Pregnancy
Oversedation

Airway obstruction Large tongue
Edentulous
Oral abnormalities; loose 
tooth/teeth

Respiratory 
complications

COPD
Patient position
Oversedation
Inadequate sedation

Cardiovascular 
complications

History of heart failure
History of poorly controlled 
HTN
Patient position
Dehydration
Extremes of age

Oversedation Extremes of age
Inexperienced sedation 
provider

Inadequate sedation Opioid dependence/tolerance
Inexperienced sedation 
provider

Neurological 
complications

Elderly
Polypharmacy

Nausea and vomiting 
(N/V)

History of N/V
Infants and children
Nonsmoking females

Drug interactions/
reactions

Known sensitivity
Polypharmacy

Difficult bag-mask 
ventilation

MOANS

HTN hypertension, COPD chronic obstructive pulmonary 
disease

M. J. Long and L. E. Stewart
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I II

III IV

Fig. 7.2 Modified Mallampati. This image is licensed under the Creative Commons Attribution-ShareAlike3.0Unported 
(CC BY-SA 3.0)
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require an anesthesia consult before proceeding 
with PSA.  In addition to the Mallampati score, 
look for other physical characteristics that can 
contribute to difficult mask ventilation utilizing 
the MOANS mnemonic. M—Mask seal difficulty 
(e.g., beard, nasogastric tubes, acromegaly); O—
Obesity (BMI > 30); A—Age extremes; N—No 
teeth; S—Snoring or stiff lungs.

7.3.4  Preprocedural Fasting

Pulmonary aspiration of gastric contents is a 
potential complication that has serious and 
potentially deadly consequences in those patients 
at risk. This results from the loss of innate pro-
tective airway reflexes that are lost during deeper 
levels of sedation. There is no finite method of 
predicting when this occurs; therefore, care must 
be taken through preventative measures. Fasting, 
in addition to avoiding oversedation, potentially 
offers a means to ameliorate this condition. 
Current fasting recommendations include:

• Solid foods: at least 6 h of fasting.
• Clear liquids: at least 2 h of fasting.
• Breast milk: at least 4 h of fasting.
• Nonhuman milk: at least 6 h of fasting.

It is important to note that these times are 
based on healthy adult patients, and patients with 
delayed gastric emptying (e.g., history of stroke, 
diabetes) may require longer fasting times. In 
addition, during emergent procedures requiring 
PSA, a risk-benefit analysis in favor of proce-
dure completion may necessitate forgoing these 
guidelines.

7.4  Periprocedure 
Considerations

7.4.1  Equipment and Monitoring

Selection of appropriate equipment and monitor-
ing are essential in preventing and treating com-
plications associated with PSA. It is impossible 
and unreasonable to prepare for every possible 

scenario that could possibly occur; however, cer-
tain resources are critical in ensuring safety dur-
ing PSA. The most important resource is a team 
appropriately trained in the interpretation of cer-
tain types of monitoring modalities and the com-
petence to act accordingly should an emergency 
arise. Of course, total reliance on monitoring 
should not replace vigilance which can lull the 
provider into a false sense of security. Therefore, 
it is imperative that the provider administer-
ing the PSA not have any other responsibilities 
except those that are specific to the administra-
tion and monitoring of the patient receiving PSA.

Supplemental oxygen should be utilized dur-
ing PSA unless a patient’s condition contrain-
dicates its usage. Current recommendations, 
supported by high-level evidence, support its use 
during PSA; however, method of administration 
(mask versus nasal cannula) and the rate of oxy-
gen flow should be based on clinical judgment 
and institutional policy [1].

7.4.2  Monitoring

Monitoring a patient periprocedurally is an 
essential nursing function that should include 
but not limited to blood pressure, heart rate and 
rhythm, ventilation, arterial oxygenation, pain 
level, and level and response to sedation. Ideally, 
these should be performed and documented every 
5–15  min. New practice recommendations sug-
gest every 5 min, however, in radiology settings 
the need for protective sequestering outside of the 
procedure room may not permit this time interval 
and therefore the sedation practitioner should 
use clinical judgement in these special circum-
stances. Standard monitoring (electrocardiogram, 
noninvasive blood pressure, pulse oximetry, and 
temperature) recommendations now include cap-
nography which provides real- time information 
about the patient’s ventilatory status. Pulse oxim-
etry, a poor surrogate for a patient’s ventilation, 
more accurately assesses arterial oxygenation. 
The most recent evidence, a meta-analysis from 
13 randomized controlled trials, showed that the 
use of capnography during PSA decreased the 
incidence of respiratory compromise and arterial 
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desaturation and may avoid the need for assisted 
ventilation [5]. Like other standard monitors 
it is important to educate the sedation provider 
on capnography waveform interpretation and 
troubleshooting potential issues that arise with 
gas sampling. Shadowing anesthesia providers 
performing MAC (monitored anesthesia care) is 
a potential method in providing this specialized 
education.

7.4.3  Postprocedure

The purpose of PSA postprocedural monitor-
ing is to provide an environment in which the 
patient can recover from the procedure and the 
medications utilized and to ensure the patient has 
returned to preprocedure function prior to dis-
charge. A patient receiving sedation outside the 
operating room (OR) should receive the same 
standard of care as surgical patients and there-
fore postprocedure polices should mirror those 
used by the perioperative services. Resources 
for standards or recommendations for postpro-
cedural care can be obtained from the follow-
ing organizations: Association of periOperative 
Registered Nurses (AORN), American Society 
of PeriAnesthesia Nurses (ASPAN), American 
Association of Nurse Anesthetists (AANA), 
American Society of Anesthesiologists (ASA), 
and the American Academy of Anesthesiology 
Assistants (AAAA).

7.5  Pharmacotherapeutics

Pharmacological choices are highly dependent 
on the procedure, patient history, setting, and the 
experience of the practitioner providing the seda-
tion. Historically, many different classes of drugs 
have been used successfully for the provision of 
PSA including barbiturates and chloral hydrate, 
but narrow therapeutic indices have driven the 
pharmaceutical industry to produce pharmaco-
logical preparations with better safety profiles. In 
addition to safety, many practitioners prefer these 
newer preparations especially with their predict-
ability and desirable pharmacokinetics. Although 

some nurse practice acts allow administration of 
sedatives that can produce anesthesia, like pro-
pofol and ketamine, current practice recommen-
dations, supported by the ACR and SIR, have 
deemed these agents outside the scope of mod-
erate PSA practice. Therefore, classes of drugs 
identified for deep sedation and general anesthe-
sia will not be discussed in this section. For fur-
ther information about the legality of these drugs 
when given by nurses under the supervision of 
qualified health care providers please refer to 
https://sedationcertification.com/resources/posi-
tion-statements/position-statements-by-state/ 
(see Sect. 7.8). Also, due to the infrequency of 
other methods of administration (e.g., intramus-
cular, subcutaneous, transnasally) for PSA, dis-
cussion of each class of drug will be associated 
with intravenous route of administration.

Every PSA regimen should include the use of 
non-opioid adjuvants, patient history, and physi-
cal assessment permitting to decrease opioid con-
sumption during the procedure. Examples include 
acetaminophen, nonsteroidal anti-inflammatory 
drugs (ketorolac, celecoxib), and local anesthet-
ics (lidocaine, bupivacaine). It is imperative that 
the sedation provider be intimately familiar with 
the pharmacokinetics and dynamics of the drugs 
that they administer especially as it relates to 
indications, contraindications, duration of action, 
and side effects (Table 7.3).

Hemodynamics such as blood pressure and 
heart rate should be maintained within 20% of the 
patient’s baseline to ensure adequate perfusion to 
vital organs. Many of the agents utilized during 
PSA have the propensity to alter hemodynam-
ics that can be profound in susceptible patients. 
Therefore, the availability of vasoactive pharma-
cotherapeutics should be immediately available 
within the procedure room to  counteract these 
alterations. The choice of drugs is highly depen-
dent on each institution’s formulary.

7.5.1  Benzodiazepines

Benzodiazepines are a class of drug most com-
monly associated with PSA.  They exert their 
effects by binding to the GABA receptor, a major 
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inhibitory compound, within the central nervous 
system (CNS). This class of drugs has the ability 
to produce anxiolysis, hypnosis, skeletal muscle 
relaxation, and anterograde amnesia but is devoid 
of analgesic effects and many of the negative 
side effects seen with opioids like nausea, vom-
iting, and constipation. Also, due to their action 
on inhibitory neurotransmitters within the CNS 
and the ability to raise the seizure threshold, this 
class of drug is often used for the prevention and 
treatment of seizures. All benzodiazepines are 
metabolized by the liver and most produce active 
metabolites except for midazolam, making it the 
preferential choice for PSA.  Dose-dependent 

respiratory depression can occur with this class 
of drug and particular attention to dosing is war-
ranted in patients with liver disease, the elderly 
and when used in combination with opioids due 
to synergistic effects. This synergy allows for 
lower dosing of both classes of drugs to produce 
greater effects. Common prescribed benzodiaz-
epines used for PSA are midazolam, lorazepam, 
and diazepam.

7.5.1.1  Reversal
Flumazenil (Romazicon) provides reversal 
for the effects of benzodiazepines in a dose- 
dependent fashion. The duration of action of flu-

Table 7.3 Sedation pharmacology

Drug Dose (IV) Pharmacokinetics Elimination
Midazolam
(Versed)

0.5–5 mg Onset: 0.5–1 min
Peak: 3–5 min
Duration: 15–80 min

Renal

Lorazepam
(Ativan)

1–4 mg Onset: 1–5 min
Peak: 15–20 min
Duration: 6–10 h

Hepatic and renal

Diazepam
(Valium)

2–10 mg Onset: <2 min
Peak: 3–4 min
Duration:15–60 min

Hepatic

Fentanyl
(Sublimaze)

25–100 mcg Onset: <0.5 min
Peak: 5–15 min
Duration: 30–60 min

Hepatic and pulmonary

Morphine 2.5–15 mg Onset: <1 min
Peak: 5–20 min
Duration: 2–7 h

Hepatic

Hydromorphone
(Dilaudid)

0.5–2 mg Onset: <0.5 min
Peak: 5–20 min
Duration:2–4 h

Hepatic

Meperidine
(Demerol)
(Analgesia)
Meperidine
(Shivering)

25–100 mg

12.5 mg

Onset: <1 min
Peak: <60 min
Duration: 2–4 h

Hepatic

Dexmedetomidine
(Precedex)

Loading dose: 1 mcg/kg
Infusion: 0.2–1 mcg/kg/h

Onset: <5 min
Peak: 15 min
Duration: N/A

Hepatic
Renal <1%

Diphenhydramine
(Benadryl)

10–50 mg Onset: Within minutes
Peak: 60 min to 3 h
Duration: 4–6 h

Hepatic

Scopolamine 0.2–0.65 mg Onset: Immediate
Peak: 50–80 min
Duration: 120 min

Hepatic, renal

Doses are given in ranges and therefore amounts are patient specific and titrating dosing should be utilized to avoid 
overdose
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mazenil is shorter than that of benzodiazepines 
and particular attention to the reemergence of 
respiratory depression or somnolence may be 
warranted. Flumazenil should also be used spar-
ingly in patients with a history of seizures due to 
its ability to lower the seizure threshold in sus-
ceptible patients. Arguably, its use in patients on 
antiepileptics is contraindicated. Reversal agents 
are important to have immediately available but 
education about the importance of careful titra-
tion can avoid the negative precipitating events 
than are associated with abrupt reversal.

7.5.2  Opioids

Opioids are analgesics that act on opioid recep-
tors within and outside the CNS. The beneficial 
and untoward effects of opioids are highly depen-
dent on its affinity to a particular opioid receptor 
(mu, kappa, delta). Opioids with a high affinity 
for mu receptors exhibit the highest analgesic 
effects. Kappa and delta receptor affinity pro-
duces less analgesia compared with mu receptor 
activation. It is these receptors within the CNS 
that also produce the negative effects attribut-
able to opioids like respiratory depression. This 
respiratory depression is dose dependent and is 
compounded in patients at higher risk for respira-
tory compromise. It is important that the seda-
tion practitioner understand the effect of pairing 
opioids with benzodiazepines like midazolam. 
The effect of this combination is not additive 
(1 + 1 = 2) as one would surmise. Contrariwise, 
the pairing exhibits synergism (1  +  1  =  3) and 
decreased doses may be required to avoid overse-
dation or adverse reactions resulting from this 
synergy.

Opioid receptors are found throughout the 
body which translates to their large side-effect 
profile which include nausea, vomiting, consti-
pation, chest wall rigidity, urinary retention, and 
sphincter of Oddi spasm. Opioids that have been 
used in PSA are morphine, fentanyl, meperidine, 
and hydromorphone. Fentanyl has become the 
most common intravenous opioid utilized for 

PSA.  Fentanyl’s lipophilic properties exhibit 
higher predictability in regard to onset and dura-
tion of action making it ideal for procedural 
sedation. Morphine and hydromorphone are 
hydrophilic and therefore have longer duration of 
actions and delayed onset of actions. Meperidine, 
an opioid commonplace in PSA, is now primarily 
used for postprocedural shivering. Its use is lim-
ited by active metabolites and their adverse CNS 
effects in susceptible populations.

7.5.2.1  Reversal
Reversal of respiratory depression caused by 
opioids is performed by administering naloxone 
(Narcan) which acts on opioid receptors antago-
nistically. Care should be taken when adminis-
tering opioid reversal due to the reemergence 
of respiratory depression after naloxone’s short 
duration of action when compared with lon-
ger acting opioid agonists like morphine. More 
importantly, due to the reversal of the analge-
sic effects and the potential for hyperalgesia, 
care should be given when reversing opioids in 
patients with chronic pain or with painful pro-
cedures. Ultimately, reversal agents should be 
immediately available, only used sparingly for 
emergent situations and only when patient stimu-
lation and bag-mask ventilation is unsuccessful.

7.5.3  Alpha-2 Agonists

The newest drug appropriate for PSA in radi-
ology and imaging settings is dexmedetomi-
dine (Precedex). Dexmedetomidine is a highly 
selective alpha-2 agonist that exerts its action 
in the locus ceruleus at the level of the spinal 
cord. This unique action produces anxiolysis, 
sedation, and analgesia without the respiratory 
depression that occurs with other agents used 
in PSA.  Dexmedetomidine induces sleep that 
is comparable to natural sleep and patients 
are often easily arousable during continuous 
administration. Its use and safety is well docu-
mented in all age groups and the critically ill. 
Dexmedetomidine usually requires a loading 
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dose administered over 10  min followed by a 
continuous infusion. Cardiovascular side effects, 
like bradycardia and hypotension, are the main 
side effects typically seen with dexmedetomi-
dine. The sedative effects of dexmedetomidine 
vary and dosing should be adjusted accordingly. 
Less neurocognitive dysfunction seen with 
other sedatives remains the primary benefit of 
dexmedetomidine.

Clonidine is another alpha-2 agonist used for 
its sedating properties; however, the sedation it 
produces is mild limiting its use for moderate 
sedation.

7.5.3.1  Reversal
Atipamezole (Antisedan) is an alpha-2 antago-
nist which provides rapid reversal of the effects 
of dexmedetomidine should the need arise.

7.5.4  Other Adjuncts

Diphenhydramine. Used for its sedating effects, 
diphenhydramine (Benadryl), an H1 receptor 
antagonist, exerts its effect by crossing the blood 
brain barrier into the CNS promoting drowsiness. 
Paradoxical reactions (insomnia, restlessness, 
euphoria, seizures), especially in children and 
elderly patients, have been reported.

Scopolamine. Scopolamine, an anticholiner-
gic, like diphenhydramine has the ability to cross 
the blood brain barrier and exert CNS effects pro-
moting sedation and in some instances amnesia. 
The side effects related to central anticholinergic 
syndrome limit its routine use during PSA which 
can be reversed with physostigmine.

7.6  PSA Training 
and Certification

Procedural sedation is not usually part of a nurs-
ing program’s core clinical curriculum. Therefore, 
additional training is needed to prepare nurses 
and LIPs who are not anesthesia practitioners for 
this specialized practice. For those departments 

that do not have the resources for PSA training or 
lack a PSA training program, training and/or cer-
tification is available from numerous proprietary 
and nonprofit organizations that are too many to 
list. Below are a list of a few organizations offer-
ing training and/or certification in moderate and 
deep PSA.

7.6.1  Moderate Sedation Training/
Certification

SSTmoderate—offered by the ASA, the profes-
sional organization representing anesthesiolo-
gists. This course is approved by the Montana 
Nurses Association for continuing education 
credit, an approved accreditor by the American 
Nurses Credentialing Center’s (ANCC) 
Commission on Accreditation (COA). https://
www.asahq.org

Adult Moderate Sedation—offered by the 
National Sedation Center (NSC), an accred-
ited program approved for continuing educa-
tion credits by the Association of periOperative 
Registered Nurses (AORN), an approved accred-
itor by the ANCC, and the American Medical 
Association (AMA). https://www.nationalseda-
tioncenter.com

Safe Administration of Moderate Sedation—
offered by AORN, an approved accreditor by the 
ANCC. https://www.aorn.org

Sedation Certification—offered by https://
sedationcertification.com and is approved for con-
tinuing education credit by ANCC. It also offers 
complimentary membership to the American 
Association of Moderate Sedation Nurses 
(AAMSN).

7.6.2  Deep Sedation Training/
Certification

No deep PSA training or certification programs are 
available for LIPs or nurses. Training is available on 
the ASA educational website (asahq.org) for physi-
cians who are not anesthesiologists and is termed 
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SSTdeep. It requires the successful completion of 
the SSTmoderate within 2 years and two options 
are available, a less expensive online didactic and 
a more comprehensive module which includes a 
mentored clinical component with simulation. The 
cost of the programs are currently $199 and $3399, 
respectively. (See https://www.asahq.org.)

7.7  Practice Recommendations/
Guidelines

Practice guidelines and/or recommendations are 
utilized often to guide clinical decisions espe-
cially in the age of evidence-based practice. This 
paradigm has replaced the provider preference 
model of practice and is the preferred method of 
practice in the United States. From a legal per-
spective, practice guidelines/recommendations 
can be introduced into legal proceedings to estab-
lish negligence or breach of duty but do not pro-
vide a legal standard for practice. Autonomous 
clinical judgement should be part of the clinical 
decision-making process when providing care for 
any patient based on the provider’s experience 
and the patient’s history and physical.

7.7.1  Practice Guidelines 
for Moderate PSA 2018 (ASA)

Current guidelines define moderate PSA, the most 
common sedation technique provided by nurses 
in radiology settings, as a “drug-induced depres-
sion of consciousness during which patients 
respond purposefully to verbal commands” and 
analgesia as the “management of patient pain or 
discomfort during and after procedures requir-
ing moderate sedation” [1]. These guidelines 
were developed and published by the ASA with 
approval from other professional physician orga-
nizations including the Society of Interventional 
Radiologists (SIR) and the American College of 
Radiology (ACR).

Recommendations include:

• Preprocedure evaluation and preparation.
• Continuous capnography as a standard 

monitor.
• Presence of an individual in the procedure 

room properly trained to respond to airway 
complications and emergencies.

• Identification of drugs used for moderate and 
deep sedation.

• Recovery care.
• Quality improvement initiatives and reporting.

7.7.2  ACR/SIR Practice Parameter 
for Sedation and Analgesia 
2015

The “Practice Parameter for Sedation and 
Analgesia” was a joint venture by ACR and SIR, 
published in 2015, to provide guidance to assist 
its members on the safe administration of mini-
mal and moderate PSA in radiology and imag-
ing settings [6]. They describe moderate PSA as 
a “minimally depressed level of consciousness 
induced by the administration of pharmacologic 
agents in which the patient retains a continuous 
and independent ability to maintain protective 
reflexes and a patent airway and to be aroused 
by physical or verbal stimulation.” This practice 
parameter does not provide any recommenda-
tions for deep PSA.

Recommendations include:

• Scope of practice.
• Qualifications of responsibilities of personnel.
• Patient selection.
• Risk factors.
• Patient evaluation and management.
• Sedation-related documentation.
• Discharge criteria.
• Equipment.
• Quality control and improvement, infection 

control, and patient education.
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7.7.3  SIR Position Statement: 
Staffing Guidelines 
for the Interventional 
Radiology Suite 2016

The “Staffing Guidelines for the Interventional 
Radiology Suite” was a guideline published 
in 2016 by SIR to provide its members with a 
resource about staffing (pre-, intra-, postproce-
dure) within interventional radiology depart-
ments [7].

Recommendations include staffing consider-
ations as they pertain to:

• Preprocedure and recovery.
• Interventional radiology.
• Off hours (on-call).
• Special considerations.

7.7.4  ARIN Clinical Practice 
Guideline: Capnography 
During PSA

The Association for Radiologic and Imaging 
Nursing (ARIN) developed a position statement 
and clinical practice guideline for its members 
about the use of continuous capnography during 
PSA in radiology and imaging settings [8].

Recommendation:

• Continuous capnography should be utilized 
during PSA unless a patient’s condition pre-
cludes its usage.

7.8  Scope of Practice 
and Regulations

Variations in federal, organizational, state, and 
institutional policies create differences in PSA 
practices throughout the United States (US).

7.8.1  Federal

The Centers for Medicare & Medicaid Services 
(CMS) specifically addresses provider certifica-

tion as it relates to PSA [9]. The Conditions of 
Participation (CoP) for Anesthesia Services pro-
vides guidance that hospitals must comply with 
in order to receive reimbursement for anesthesia 
services. CMS utilizes the standards, definitions, 
and language created by the ASA. Therefore, it 
is important to cognizant of the aforementioned. 
Specifically mentioned in the CoP is the differen-
tiation of anesthesia which, in congruence with 
the ASA recommendations, includes deep seda-
tion and general anesthesia. This is controver-
sial especially with other professionals already 
engaged in deep sedation practices which may 
not be in compliance with current CMS CoP 
requirements.

7.8.2  State

State regulation of nurses and advanced practice 
nurses engaging in PSA is the purview of state 
nursing boards and practice acts. Due to state 
rights, each state develops and adopts standards 
that meet their unique needs. Therefore, practice 
can vary quite dramatically between neighbor-
ing states. The key factor with state boards and 
practice acts is identifying what pharmacothera-
peutics are within a nurse’s scope of practice. 
While one state may allow nurses to administer 
ketamine, a neighboring state may restrict it to 
only physicians and LIPs. A great resource for all 
these variations can be found on the sedationcer-
tification.com website.

7.8.3  Organizational

The Joint Commission (TJC) provides standards 
for hospitals that ultimately influence reimburse-
ment. Therefore, TJC wields considerable power 
over a hospital’s accreditation and the standards 
they elect to adopt. TJC provides recommenda-
tions for moderate sedation that ambiguously 
address the credentials of the sedation provider 
while not actually stating what those credentials 
should be [10].

Practice recommendations, produced by 
various previously mentioned professional 
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organizations, influence institutional adoption 
of PSA standards. It remains the institution’s 
 responsibility to choose those recommendations 
that best fit their culture. Crego [10] states that reg-
ulation in the U.S. is fragmented which is further 
compounded by variation in regulatory standards, 
lack of research about nurses proving sedation, 
and absent national standards for PSA.  This is 
alarming especially with the increased utilization 
of PSA outside of operating rooms.

7.9  Conclusion

PSA by non-anesthesia trained professionals 
is increasing and remains an important part of 
meeting the healthcare needs of our population. It 
is essential for those providing sedation services 
to be intimately familiar with the complexities 
that come with PSA. Ensuring a successful and 
safe PSA practice requires a multidisciplinary 
approach with all vested professionals and 
should include anesthesia practitioners, regis-
tered nurses, LIPs, administration, technologists, 
pharmacists, and proceduralists.
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Positioning the Patient 
for Procedures

Lois Elaine Stewart and Michael J. Long

8.1  Introduction

Many aspects of care across the entire spectrum 
of procedural sedation require careful assessment, 
planning, and collaboration [1]. Proper patient 
positioning is one aspect of this care. Positioning 
during procedural sedation should facilitate the 
technical ease of the necessary procedure, while 
minimizing the physiological impact upon the 
patient. Specific patient positions impose related 
and predictable physiological changes upon 
all patients. Such changes can be exacerbated 
by sedation and anesthesia, as well as the time 
needed to complete the procedure requiring seda-
tion. These factors may combine to form a risk 
of injury due to procedural positioning. The risk 
of iatrogenic injury may also be influenced by 
intrinsic patient factors and extrinsic process fac-
tors [2].

Safe and effective procedural sedation is best 
accomplished through proactive vigilance and 
teamwork. This teamwork is facilitated by clear 
and consistent communication at each stage of 
procedural care: pre-sedation assessment, intra- 
procedural care, and post-sedation assessment 
[1]. Conscientious hand-off communication must 

be maintained at each care interval. The preven-
tion of complications that may be imposed related 
to patient positioning is a significant responsibil-
ity shared by the entire procedural team. At times, 
strong patient advocacy is required to achieve 
a compromise between procedural efficacy and 
patient safety, to find the best positioning alterna-
tive to balance these concerns.

8.1.1  Importance of Positioning 
Safety

Patient safety should always be an utmost priority 
of healthcare providers. The normal human has 
protective reflexes that function unconsciously 
to minimize physical harm to vital systems. 
Examples of these reflexes include rapid with-
drawal from painful stimuli, the corneal reflex, 
and the cough reflex [3]. Reflexive protection of 
bodily integrity can also involve the movement 
of an extremity that is static for too long to be 
comfortable. The discomfort can often be due to 
an overly stretched, flexed, or compressed posi-
tion. Medications used for sedation, especially in 
combination with any preexistent disease states, 
can greatly alter the constellation of protective 
reflexes a patient may normally possess [4].

The sedation provider must assume pri-
mary responsibility for preventing harm during 
the time the patient’s sensorium is altered. In 
essence, the sedation provider and the procedural 
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team must function as protective reflexes for the 
sedated patient. Bony projections should be pro-
tected, and normal curvatures should be main-
tained in the spine as possible [2]. Extreme or 
unusual positions may be required, and could be 
unnatural or need to be maintained past the point 
of comfort. Time spent in these types of positions 
should be limited as much as possible. At other 
times position changes may be required dur-
ing the procedure. Care must be taken to avoid 
mechanical injuries to the patient from changes 
in position, such as a hand becoming caught in 
a table mechanism when reclining or inclining 
the head of the table. All pressure points in con-
tact with surfaces should be protected in some 
manner. This can be accomplished through mat-
tresses, foam padding, pillows, or specifically 
designed positioning devices. Common strate-
gies have emerged for specific positions that 
may be encountered during procedures, based on 
anecdotal and scientific data; these will be cov-
ered later in this chapter.

8.1.2  Alterations in Physiology 
due to Procedural Positioning 
During Moderate Sedation

In addition to the risk of iatrogenic injury, proce-
dural positioning also can impose physiological 
changes in several bodily systems. The extent of 
these physiological changes is dependent upon 
several main factors: the necessary procedure, the 
length of the procedure, the physical status of the 
patient, concurrent medication regimen, the nec-
essary position, the positioning devices used, and 
the type of sedation or anesthesia utilized, among 
others [4]. The bodily systems most commonly 
affected by positioning include the respiratory 
system, the cardiovascular system, the neurologi-
cal system, and exposed or susceptible areas of 
skin and tissue.

8.1.2.1  Respiratory System Effects: 
Procedural Sedation 
and Positioning

Medications used for procedural sedation are 
commonly known to depress respiratory func-

tion in various ways. During moderate sedation, 
the goals for the respiratory system encompass 
the maintenance of a patent airway support-
ing spontaneous ventilation, with avoidance of 
hypoxemia and excessive levels of hypercarbia 
[5]. Supplemental oxygen is very often supplied 
for improved safety in sedated patients, and ven-
tilation should be monitored in pursuit of these 
respiratory goals. Position changes naturally 
affect factors that support adequate airway main-
tenance, ventilation, and oxygenation. The respi-
ratory alterations from procedural positioning 
may be reasonably anticipated and attenuated in 
a majority of moderate sedation cases. This is not 
as easily accomplished with general anesthesia, 
which introduces several more variables.

Adequate pulmonary function depends first 
upon a patent airway. Airway patency is primarily 
affected by patient neural and anatomic factors, 
airway muscle tone, bulbar reflexes, and level of 
consciousness [5]. Moderate sedation can alter 
the state of most of these patient factors, as can 
changes in patient positioning via the effects of 
gravity. Diminished muscular control of the oro-
pharyngeal structures of the airway can lead to 
varying degrees of airway obstruction, and even-
tually will cause hypoxemia, hypercarbia, and 
apnea [2]. Gravity can either exacerbate or dimin-
ish the airway obstruction present due to sedation, 
dependent upon the patient position assumed 
in the procedure. In general, airway patency is 
improved during sedation in the sitting, lateral, 
and prone positions, and is diminished to variable 
degrees in the supine position [3, 4].

Normal exchange of gases during pulmonary 
function depends on ventilation of the lungs, 
perfusion of the lungs, and a reasonable match-
ing or balance between these two processes [3]. 
Ventilation and perfusion patterns depend upon 
intrinsic properties of the thorax/abdomen and 
extrinsic factors the lungs must accommodate. 
Intrinsic properties include chest wall and lung 
tissue compliance, lung volumes, intrathoracic 
pressures, diaphragm function, and abdominal 
compartment pressure [2, 3]. Extrinsically, grav-
ity affects the distribution of ventilation and per-
fusion in the lungs, diaphragm function, and the 
distribution of abdominal contents [2, 3]. Because 
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gravity can be a substantial factor altering pul-
monary dynamics, positioning can significantly 
alter respiratory performance in sedated patients. 
These effects may be more pronounced in patients 
with preexisting pulmonary disease [4].

The sitting position generally produces few 
significant effects upon pulmonary dynam-
ics and so is usually well tolerated. The supine 
position imposes notable reductions in lung vol-
umes and capacities which can lead to altered 
gas exchange and decreased oxygen reserve [4]. 
The lateral position can lead to gravitational 
ventilation- perfusion mismatching. This poten-
tially diminishes oxygenation in susceptible 
patients in the lateral position [4]. Compensation 
of lateral ventilation- perfusion mismatching is 
readily accomplished in patients without signifi-
cant pulmonary disease. The pulmonary effects 
of prone positioning can be varied. If the weight 
of the body or a positioning device compresses 
the stomach in the prone position, abdominal 
compartment contents and pressure can limit 
diaphragmatic excursion and lung volumes [2]. 
If the abdomen is allowed to be free of pres-
sure, the prone position can have advantageous 
effects upon lung compliance, lung volumes, 
ventilation- perfusion matching, and overall pul-
monary function [2].

8.1.2.2  Cardiovascular System Effects: 
Procedural Sedation 
and Positioning

The overall function of the cardiovascular system 
is to produce an adequate supply of oxygenated 
cardiac output to furnish the various tissue oxy-
genation needs of the body. The maintenance of 
cardiac output and tissue perfusion are largely 
dependent upon the factors of vascular preload, 
heart rate, myocardial contractility, and systemic 
vascular resistance (SVR), also termed afterload 
[2]. Hemodynamic feedback systems and vol-
ume/pressure reflexes function to compensate for 
shortfalls in these critical factors and act to pre-
serve cardiovascular stability [4]. For example, if 
mean arterial pressure falls, heart rate and SVR 
are increased to preserve tissue perfusion.

Alterations in some of these critical factors can 
occur merely from postural changes imposing the 

effects of gravity on the cardiovascular system 
[2]. These effects are normally compensated for 
by the physiological reflexes mentioned above. 
However, these mechanisms can be blunted or 
interfered with by disease states, treatment regi-
mens, and the administration of sedation medica-
tions, among other factors [4]. Therefore, during 
procedural sedation, hemodynamic support may 
be necessary due to the combined effects of posi-
tioning and sedation upon the patient [4]. This is 
especially true of patients who may be intravascu-
larly dehydrated, elderly, on cardiovascular medi-
cation, or with preexisting cardiovascular disease.

Anticipating postural changes in perfusion 
is predictable on a baseline normal model. As 
a general rule of thumb, mean arterial pressure 
changes around 2 mmHg for each inch of differ-
ence between the level of the heart and a body 
part [4], in the opposite direction. In other words, 
as the position of the head rises as compared to 
the heart, mean arterial pressure in the cranial 
vascular tree falls by 2 mmHg for each inch of 
elevation [4]. Therefore, postural hemodynamic 
changes in the supine and lateral positions are 
usually of little effect. Any position with legs in a 
dependent state can lead to hypotension, owing to 
gravitational pooling of blood in the venous sys-
tem of the legs [3]. This would include the sitting 
and flexed lateral positions. Any position with the 
legs elevated above the level of the heart would 
increase venous preload and improve arterial 
pressures at least initially [3]. This would include 
the lithotomy and Trendelenburg positions. Prone 
positioning has the potential to diminish cardiac 
output due to increased intrathoracic pressure but 
is often well tolerated hemodynamically. Prone 
positioning devices that are rigid and increase 
pressures in the abdomen and thorax are more 
likely to affect the hemodynamic stability of 
patients [4].

8.1.3  Patient Comfort and Anxiety 
Effects

Many patients who require procedural sedation 
may have difficulty achieving or maintaining 
the required position, due to age or comorbidity 
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factors. The patient should be informed of the 
position that is necessary for conducting the pro-
cedure, and information regarding potential con-
cerns should be drawn out from the pre- procedure 
interview. A plan for positioning can be discussed 
proactively and should include the patient, pro-
cedural provider, the team members, and the 
sedation provider. Often the patient will have 
significant anxiety regarding aspects of the proce-
dure, including positioning. Patient comfort can 
be optimized, complications avoided, and anxiety 
diminished by the creation of a plan with the pro-
cedural team and the patient. Compromises with 
positioning should be made if at all possible, in 
deference to any preexisting limitations. Once the 
plan is agreed upon, an explanation given to the 
patient will also greatly mitigate the level of anxi-
ety present.

8.1.4  Incidence and Medicolegal 
Implications of Positioning 
Injuries

As stated previously, the bodily systems most 
susceptible to untoward effects due to procedural 
positioning include the respiratory system, the 
cardiovascular system, the neurological system, 
and exposed or susceptible areas of skin and 
tissue. The most common neurological injury 
suffered due to positioning is perioperative 
peripheral nerve injury [6]. The overall incidence 
of perioperative peripheral nerve injury is diffi-
cult to quantify, but it is thought to be well below 
1% of sedation and anesthesia cases [2, 3, 6]. 
The incidence of perioperative peripheral nerve 
injury among cases with known complications, 
by review of anesthesia literature reveals a large 
collection of data in the American Society of 
Anesthesiologists Closed Claim Project, encom-
passing the data years 1990–2007 [6]. This body 
of work shows that peripheral nerve injuries 
account for 22% of the closed claims cases in the 
database; the only more common closed claim is 
the complication of death [2].

Among common injuries to susceptible skin 
and tissue are perioperative pressure injuries, 
which can include pressure or shear force isch-

emia, skin tears, and joint stresses [7]. Effective 
sedation can at times mask patient symptoms 
that would reveal a risk of skin, tissue, or joint 
injury. Preventing pressure injuries is a high 
priority for healthcare providers as these inju-
ries can impart a large burden of morbidity and 
cost [7]. Literature regarding the well-defined 
incidence of such injuries related to either pro-
cedural sedation or anesthesia is scant and vari-
ably defined.

8.2  General Principles of Patient 
Safety for Procedural 
Sedation

A planned and proactive approach to assessment 
and intervention in the prevention of position-
ing injury is the best strategy, including the use 
of proven preventative adjuncts. The mattress 
type most often associated with pressure injuries 
seems to be gel mattresses, while the standard 
operating room (OR) and procedural table mat-
tresses performed better [7]. Additional padding 
can be accomplished through the use of appropri-
ately sized pillows, foam rubber pads, or warmed 
gel pads [7]. A key factor in the application of 
additional padding is not to produce compression 
to the structures from the bulk of the protective 
padding. If specialized positioning devices are to 
be used, it is imperative to know and follow the 
manufacturer’s recommendations [1]. Proactive 
assessment and planning for positioning should 
occur during the following phases of care: pre- 
procedure, intra-procedure, and post-procedure.

8.2.1  Pre-procedure Phase

This phase should include a thorough assessment 
of intrinsic patient risk factors for complications, 
extrinsic/procedural risk factors, and documenta-
tion of any preexisting deficits or physiological 
alterations in the patient baseline status [1]. This 
should especially include peripheral nerve func-
tion or dysfunction, skin condition, joint range 
of motion limitations, and peripheral pulses. 
Documentation of the pre-procedural assessment 
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and effective hand-off communication between 
team members is key to the prevention of posi-
tioning injury.

Collaboration among all team members and 
the patient regarding the positioning plan, as 
mentioned before, is key and should occur at this 
point in time. Planning for specific positioning 
devices, protective padding and effective moni-
toring should also take place, and specifically 
be led by the sedation provider [4]. An effective 
measure of imposed positioning stress can occur 
at this point, by having the patient conduct a trial 
assumption of the needed position necessary dur-
ing the pre-assessment [3]. This can reveal the 
patient’s physiological tolerance of the required 
position. Finally, staff members of sufficient 
number and specific expertise should be regu-
larly scheduled as needed for the procedure and 
patient safety needs.

8.2.2  Intra-procedure Phase

Prompt and accurate communication among 
members of the intra-procedural team is very 
important. The execution of the positioning strat-
egy should include the use of any special posi-
tioning equipment within the manufacturer’s 
guidelines. Protective padding or support of all 
vulnerable areas should occur as needed, includ-
ing bony prominences, joints, spinal curvatures, 
eyes, nose, breast, and genitalia [2]. Safety straps 
should be employed per the facility protocol. 
If the procedure requires the sedation provider 
be removed in distance from the patient’s bed-
side, the placement of a visual clue to indicate 
adequate chest respiratory movement can be an 
excellent monitoring intervention. A visual clue 
could be as simple as a fluffed 4 × 4 gauze taped 
to the portion of the patient’s chest wall that has 
the most respiratory excursion. The sedation pro-
vider must exercise consistent vigilance in initial 
positioning and subsequent monitoring to prevent 
injury [8]. Immediate re-assessment should occur 
with planned or accidental repositioning of the 
patient during the sedation. If extreme positions 
must be maintained for a prolonged time period, 
planned positioning breaks in a more anatomi-

cally neutral position should occur at agreed- 
upon intervals [1]. Standard re-assessment of 
positioning and injury prevention should occur 
at a regular basis during the sedation interval, 
including peripheral pulse assessment distal to 
areas of potential compression.

8.2.3  Post-procedure Phase

Vigilant assessment and monitoring should con-
tinue during the recovery, or post-procedure phase 
of care. The hand-off communication should 
include the length of the procedure, the position 
maintained during the sedation, and any relevant 
risk factors for positioning injury [1]. Preexisting 
alterations in physiologic status uncovered in the 
pre-procedure assessment should be emphasized 
as well. Once sedation has worn off, accurate 
documentation of any alteration in baseline func-
tion should take place and will be valuable for 
monitoring symptom progression and in diagno-
sis [7]. Any such alteration should be brought to 
the attention of the procedural provider and the 
team as soon as possible.

8.3  Descriptions of Commonly 
Required Patient Positions

8.3.1  Physiologic Alterations/
Iatrogenic Risk

Positioning for radiological procedures may vary 
due to modality, type of procedure, patient con-
dition, available equipment, and facility-specific 
requirements. The following descriptions of com-
monly required positions are the foundation from 
which some modifications may ensue, given that 
patient safety is observed.

8.3.2  Supine Position (Dorsal 
Decubitus)

The supine position is very frequently used for 
procedures requiring sedation and anesthesia. A 
patient in the supine position is lying recumbent, 
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back flat on the mattress, facing upward. The head 
should be supported, and the neck maintained in 
a neutral position, by the use of a pillow or small 
positioning device such as a gel or foam donut 
[4]. Arms may be positioned at the patient’s sides 
or may be placed on padded arm boards. If arm 
boards are used, the patient’s arms should be 
abducted less than 90° at the shoulder, and the 
forearm should be placed in the supinated position 
[4]. When a single arm is abducted it is important 
to avoid rotation of the head, most especially to 
the side opposite the abducted arm [1]. If the arms 
are tucked and secured at the patient’s sides, the 
elbows should be supported and not allowed to 
hang over the edge of the table [3]. In the arms 
tucked position, the hands should be in a neutral 
position with the thumbs up and the palms inward 
[4]. The legs should remain uncrossed, and, if 
possible, a pillow should be placed under the 
patient’s knees for comfort. Bony prominences of 
concern include the heels, areas of the thoracic/
lumbar/sacral/coccygeal spinal column, scapulae, 
elbows, and the back of the cranium [1]. In a case 
projected to last longer than 1 h, heel pads should 
be strongly considered. Figure 8.1 shows a patient 
positioned supine for a procedure.

8.3.3  Lateral Decubitus Position

The patient in the lateral decubitus position is 
essentially in a side-lying position, with the side 
down noted by preceding the term “lateral decu-
bitus” with either left or right. Therefore, left 

lateral decubitus is a side-lying position with the 
left side down. The head and neck should be sup-
ported by pillows or padding devices in a neutral 
position, neither markedly flexed nor extended. 
The overall alignment of the body from the head 
through the hips should be along the same linear 
plane if at all possible [4]. To alleviate pressure 
on the down arm and shoulder, an “axillary roll” 
should be placed under the down thorax, on the 
ribcage just slightly below the actual axilla [3].

The down arm should be placed on a padded 
arm board and extended perpendicularly to the 
torso, with the elbow flexed less than 90° [1]. It is 
acceptable in short procedures for the down arm 
to be flexed and placed on the bed under the pil-
low as in a natural sleeping postion, if no patient 
discomfort results from this positioning. The up, 
or superior, arm can be secured to the down arm 
with adequate padding or pillows between the two 
arms, or the limb can be secured on a separate 
positioning device such as an elevated arm rest. 
If this is used, care should be taken that the sus-
pended arm is in neutral position at the shoulder to 
avoid undue stretch on the neural plexus. It is rec-
ommended to place the cuff for monitoring non-
invasive blood pressure (NIBP) on the up arm, as 
using the down arm can exacerbate any compres-
sion on vascular or neural tissue [4]. If the up arm 
is above the level of the patient’s heart, the pro-
vider should realize that the NIBP readings may 
well be artificially low [2]. There should be pad-
ding provided between the legs to prevent pressure 
on bony prominences. Flexing either leg can help 
prevent pressure and stabilize the patient’s posi-
tion on the table [3]. Padding the lateral surface 
of the down leg which is in contact with the table, 
from the knee to the ankle, can protect vulnerable 
superficial nerve structures. Figures  8.2 and 8.3 
show a patient in right lateral decubitus position, 
with axillary roll placed, and two options for arm 
positions depending upon needed exposure.

8.3.4  Lithotomy Position

The patient in lithotomy position is usually 
placed in this manner for access to the perineum 
and associated structures. In the lithotomy posi-
tion, the patient is essentially supine, but the legs Fig. 8.1 Supine position
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are positioned and secured above the torso, with 
hips and knees flexed and the hips abducted [3]. 
Legs are held in place with the use of stirrups, 
supports, or padded positioning boots [2]. With 
all leg positioning devices used, care should be 
taken to avoid pressure in the popliteal fossa and 
on the bony prominences of the tibia and fibula 
at the knee and ankle joints [4]. The extent of leg 
elevation differentiates low lithotomy from exag-
gerated lithotomy. In low lithotomy, the legs are 
suspended only slightly above the torso and hip/
knee flexion is not extreme. With an exaggerated 
lithotomy position, the legs are high above the 
torso and hip/knee flexion is much more exagger-
ated. The more exaggerated the position is from 
neutral, the higher the risk of positioning injury. 
Exaggerated lithotomy positions should be uti-
lized for the least amount of time possible, with 
positioning breaks occurring during longer cases.

Hips and knees should not be flexed greater 
than 90° to prevent neurovascular damage and 
undue joint stress [4]. When positioning the legs 
for lithotomy, the legs should be gently raised 
and lowered simultaneously to avoid undue 
stress on the hip joints. Controlled movements 
are very important, as sudden accidental move-
ments of the legs in a sedated patient can cause 
injury or even joint dislocation [4]. The arms are 
often placed on padded arm boards or tucked as 
described in the supine position. If the arms are 
tucked and secured at the patient’s sides, extreme 
caution must be taken when moving the patient 
or sections of the table, to avoid crush injuries 
to the hands and limbs [7]. Figure 8.4 shows a 
patient in low lithotomy position, using a posi-
tioning device sometimes called “bumblebee 
boots” to maintain the leg position necessary for 
the procedure.

In the following figure (Fig. 8.5) the angle of 
the hip joint is marked with red lines to show the 
area of concern for sustained or high degrees of 
hip flexion which can potentially lead to periph-
eral nerve or muscle injury.

8.3.5  Prone (Ventral Decubitus)

Prone positioning is used for access to the dorsal 
surfaces of the body, some intracranial proce-
dures and for rectal procedures [4]. The patient 
in prone position is lying relatively flat, face 
downwards. For this reason, it is very important 
to know the patient’s preexisting range of motion 

Fig. 8.2 Lateral position. Up arm extended

Fig. 8.3 Lateral position. Up arm flexed

Fig. 8.4 Lithotomy position
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in the arms and cervical spine [1]. For prone 
cases that strictly require little to zero patient 
movement, general anesthesia is recommended. 
Prone positioning for general anesthetics can 
involve several different positioning devices not 
necessary in sedation cases. For sedation in the 
prone position, it is common to allow the patient 
to assume the necessary position and adjust head, 
neck, arm, and leg position for optimal comfort 
prior to sedation. Nasal oxygen and monitors 
should be applied prior to the patient position-
ing, and free intravenous (IV) access should 
be assured. Comfort may be improved by the 
placement of a small pillow under the feet of the 
patient in prone position.

For short prone cases, it is acceptable for the 
patient’s head to be rotated to the side if that is 
comfortable. This rotation is not acceptable if 
the case is prolonged, or the contralateral arm 
is abducted greater than 90°. Arms may be pad-
ded and tucked or may be placed at the sides of 
the patient’s head, with less than 90° of shoulder 
abduction and elbow flexion. Alternatively, the 
arms may be differentially positioned, with one 
arm down by the patient’s side and one arm at 
the side of the patient’s head. The arms should 
never be on a horizontal plane higher than the 
torso. Breast and genitalia should be positioned 
to limit shear forces and pressure. If the sedated 
patient in prone position moves or shifts during 
the procedure, it is important to reassess the posi-
tion prior to continuing, as visual inspection of 
many vulnerable areas is obscured.

8.3.6  Trendelenburg and Reverse 
Trendelenburg

The Trendelenburg position can be variation of 
any the base positions described above. However, 
it is most often associated with the flat supine 
position, with the patient lying recumbent and the 
foot of the bed inclined to varying degrees. Most 
often the angle of foot elevation is between 10 and 
30°. This position may be assumed as a temporary 
hemodynamic intervention to treat hypotension by 
increasing venous return from the legs [3]. Brief 
periods of Trendelenburg positioning can often 
be used to facilitate central vascular access. Due 
to similar effects on other vascular or fluid beds, 
the position can increase central venous pressure, 
intracranial pressure, and intraocular pressures [4].

Trendelenburg positioning may also be assumed 
due to procedural requirements. If this is the case, 
often there is some device used to prevent contin-
ued slipping of the patient towards the declined 
head of the bed. This may involve the use of shoul-
der braces. Prolonged pressure from shoulder 
braces should be distributed across a wide surface 
area of each shoulder to minimize potential neuro-
vascular compression or stretch injuries [1].

Reverse Trendelenburg positioning is the exact 
opposite of Trendelenburg, meaning that the head 
of the bed is inclined to varying degrees. This posi-
tion may be assumed for patient comfort, espe-
cially for ease of breathing, in situations where 
the head of the bed (HOB) may not be singularly 
elevated. Otherwise, the position is usually only 
encountered when procedurally necessary. The 
same considerations for the base position apply 
in reverse Trendelenburg, but some cardiovascular 
effects may be revealed due to the change in grav-
ity’s effects from the elevation of the HOB.

Figures 8.6 and 8.7 show a patient model 
positioned in Trendelenburg and reverse 
Trendelenburg positions, respectively.

8.3.7  Specialized Positioning 
Equipment

Depending upon the needed procedure for which 
the patient requires sedation, there may be highly 

Fig. 8.5 Angle of hip flexion in lithotomy position
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specialized positioning equipment utilized. The 
wide array of these devices makes it impos-
sible to include an exhaustive list of the same. 
However, one example would be devices made 
specifically to stabilize an extremity during a 
procedure, such as an arm rest which facilitates 
radial artery puncture and access.

8.4  Nerve Injuries Related 
to Procedural Positioning

Peripheral nerves are particularly vulnerable 
to positioning injury, especially if the patient is 
sedate enough that it allows the assumption of 
positions that would normally cause the patient 
discomfort or distress. The physiologic structure 
and function, as well as the anatomical positions 

of peripheral nerves, can lead to vulnerability to 
injury from various stressors due to positioning.

8.4.1  Physiology/Pathophysiology 
of Nerve Injury

Proper peripheral nerve function generally 
depends upon neuronal structural integrity, elec-
trochemical homeostasis, and an adequate blood 
supply [3]. Peripheral nerves contain groupings 
of nerve fibers and supporting microvascula-
ture, encased within protective connective tissue 
bundles. Individual fascicle groupings within a 
peripheral nerve are enclosed by the endoneu-
rium and the perineurium [4]. Several of these 
fascicle groupings can be bound into a peripheral 
nerve that is structurally supported and housed by 
the epineurium [8]. The entire peripheral nerve 
is covered by other connective tissue that gives 
it protection and the ability to resist frictional 
forces encountered when moving across joints 
and tissue [4].

The primary mechanisms of peripheral nerve 
injuries are compression, stretch, and of course 
shearing or transection of the nerve bundle [8]. 
Compression can lead to nerve tissue injury due 
to direct neuronal trauma, arterial occlusion, 
or venous outflow obstruction. Any edema in 
peripheral nerves is poorly tolerated due to the 
fact that there is no lymphatic drainage available 
[4]. Neuronal compression may also result from 
improper placement or prolonged use of the NIBP 
cuff. The NIBP cuff should be placed high on the 
upper arm so that the area near the bony promi-
nences of the elbow are not frequently compressed, 
which can lead to radial and ulnar nerve injury [8]. 
During a prolonged case, it is suggested to alter-
nate arms for NIBP measurement if possible. Even 
though all nerve tissue has some elasticity, it is 
limited. Therefore, positions that impose either a 
large degree or prolonged amount of stretch upon 
peripheral nerves can also impose neuronal damage 
[6]. Stretch injuries can cause actual destruction of 
nerve fibers, alter electrochemical neuronal con-
duction pathways, or disrupt the vascularity sup-
plying the nerve [4]. The common theme among 
these injury mechanisms is that each of them result 

Fig. 8.6 Trendelenburg position

Fig. 8.7 Reverse Trendelenburg position
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in some manner of ischemia or hypoperfusion to 
the nerve tissue. Another cause of perioperative 
nerve dysfunction to consider is metabolic imbal-
ance leading to an unfavorable electrochemical 
gradient for neuronal transmission [3, 9].

8.4.2  Patient and Procedural Risk 
Factors

There is a general consensus regarding risk 
factors intrinsic to the patient’s condition that 
increase the risk of peripheral nerve injuries. 
These include preexisting peripheral neuropa-
thy, diabetes mellitus, hypotension, hypovole-
mia, hypothermia, peripheral vascular disease, 
extremes of body habitus, malnutrition, tobacco 
use, alcoholism, liver disease, chronic and poorly 
controlled hypertension, anemia, atypical ana-
tomical structure, age greater than 65 years, and 
male gender [2, 4, 6, 8]. Males are particularly 
more likely to develop perioperative ulnar neu-
ropathy as compared to females [6]. Procedural 
risk factors include the specific position used, the 
length of the procedure, and specific positioning 
devices used [8, 9].

8.4.3  Recommendations

For the prevention of neurological injuries of 
the upper extremities related to positioning, the 
following general recommendations have been 
noted in the literature [2, 4, 6, 8–10]:

• Arm/shoulder abduction in the supine position 
should be limited to less than 90° on padded 
arm boards.

• The arm should be in supinated position (palm 
up) when abducted on padded arm boards; if 
this is not feasible, then neutral (thumbs up) is 
the next best option.

• Avoid pronation of the arms and hands in the 
supine position.

• Position the arms to avoid pressure on the 
ulnar groove of the elbow and the spiral 
groove of the humerus (posterior flat surface 
of the upper arm).

• Avoid both hyperextension and marked flex-
ion of the elbows.

• When tucking arms at the sides, maintain the 
arms and hands in neutral position (thumbs up 
and palms inward).

• If using shoulder braces during prolonged 
Trendelenburg positioning, use a device that 
distributes the load across the width of the 
shoulder and avoid the supraclavicular fossa.

• Avoid placing the NIBP cuff near the elbow 
where it may compress neural structures 
within the cubital tunnel.

For the prevention of neurological injuries of 
the lower extremities related to positioning, the 
following general recommendations have been 
noted in the literature [2, 4, 6, 8–10]:

• Limit the amount of hip flexion and extension 
during positioning.

• In lithotomy position, use the least amount of 
hip and knee flexion that facilitates the proce-
dure, and keep this flexion below 90°.

• Avoid compression against the fibular and 
tibial heads at the level of the knee during 
positioning, especially using devices to main-
tain lithotomy positioning.

• Provide positioning “breaks” for prolonged 
lithotomy position cases: one suggestion is a 
10–15-min break every 3 h, or sooner if risk 
factors dictate [8].

8.5  Respiratory Compromise 
Related to Procedural 
Positioning

Every year there have been increases in the vol-
ume of sedation cases conducted outside the 
operating room, in various settings [11]. These 
can include, but are not limited to, radiology, 
endoscopy, diagnostic or interventional cardi-
ology, and dental settings. The most common 
complications to be found in procedural seda-
tion are hemodynamic compromise, respiratory 
compromise, and needed upgrade of care [2, 11]. 
The outcome most consistently associated with 
needed upgrade of care is prolonged respiratory 

L. E. Stewart and M. J. Long



101

compromise [3, 11]. Nearly all medications used 
to induce procedural sedation can lead to respi-
ratory compromise. Of note, it has been found 
by some authors that the locations that have the 
highest number of respiratory complications are 
the radiology and cardiology settings [11]. So, 
vigilance in assessing respiratory function during 
the sedation procedure is key to patient outcomes.

8.5.1  Patient and Procedural Risk 
Factors

Patient risk factors for respiratory compromise 
include preexisting pulmonary or cardiac dis-
ease, history/risk factors for sleep apnea, obe-
sity, abnormal airway anatomy, alteration in level 
of consciousness, elderly patients, concurrent 
medical regimen, and overall medical complex-
ity. Many times, patients receiving procedural 
sedation for procedures outside of the OR have 
been disqualified for more definitive procedures 
under anesthesia, due to preexisting comorbidi-
ties [4, 11]. For these reasons, among others, it is 
imperative that standard monitoring requirements 
and due vigilance is exercised in procedural seda-
tion. Supplemental oxygen and suctioning equip-
ment should be immediately available and used 
as needed. Medications and airway equipment to 
facilitate emergent airway support or endotracheal 
intubation should be immediately available [2–4].

Positioning should facilitate not only the pro-
cedural needs but provide access to the patient 
by the sedation provider as necessary. This is 
especially true in order to maintain a patent air-
way, and to allow for vigilant re-assessment. The 
supine position leads to more airway obstruction 
than either the lateral, prone, or semi-recumbent 
positions [11]. When feasible, the flat supine 
position should be avoided to mitigate the risk of 
respiratory compromise from airway obstruction. 
The supine position should also be avoided if the 
patient cannot tolerate lying flat due to comor-
bidities. Although lateral positioning has been 
found to have a correlation with the incidence of 
hypotension [11], it should be noted that placing 
the NIBP on the non-dependent arm can provide 
artificially low BP readings.

8.6  Skin and Tissue Injuries 
Related to Procedural 
Positioning

Specific positioning needs during procedures 
requiring sedation can impart an increased risk 
of injury to skin and soft tissues. The necessary 
procedural sedation can impair the patient’s own 
protective reflexes and functional discomfort [3]. 
Compression and shear forces imparted to the 
skin and soft tissues impose the risk of injury, 
including pressure injuries. Pressure injuries 
impart a large burden of cost to both the facil-
ity and the patient, and can confer significant 
morbidity as well [4, 7]. Therefore, mitigation of 
these injuries is most beneficial.

8.6.1  Patient and Procedural Risk 
Factors

Risk factors for skin and soft tissue injuries 
intrinsic to the patient include extremes of body 
habitus, poor nutritional status, cardiac disease, 
vascular disease, diabetes mellitus, renal dis-
ease, anemia, hypoproteinemia, age greater than 
65  years, female vs. male gender, and overall 
medical complexity [3, 7]. Procedural or extrin-
sic risk factors include the total length of the pro-
cedure, total duration of sedation, total time with 
diastolic BP less than 50  mm Hg, positioning 
during the procedure, and incidences of sustained 
hypothermia [3, 7]. Positions that predisposed to 
skin or tissue injuries included prone > lateral 
> supine [7]. Studies have been equivocal in 
imparting increased risk according to gender. The 
use of general anesthesia has been confirmed as 
a specific risk factor for the development of pres-
sure injuries, especially general anesthesia of a 
duration greater than 4 h [7]. Tissue areas at high 
risk of developing pressure injuries include the 
sacral area, flank, back, elbows, and cheeks [7].

8.6.2  Recommendations

Several recommendations can diminish the risk 
of skin and soft tissue injuries during procedural 
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sedation. Careful pre-procedural assessment 
should guide the optimization of each patient’s 
physical and nutritional status [4]. Vigilant, care-
ful positioning and monitoring during the proce-
dure is paramount. Maintaining hemodynamic 
stability, especially the avoidance of sustained 
hypotension, will guard against the development 
of pressure injuries [3, 7]. Monitoring of the 
patient’s body temperature should be instituted, 
especially in elderly patients having procedures 
lasting greater than 1  h. Prevention of hypo-
thermia, including the use of active warming 
therapies, is beneficial in guarding against soft 
tissue injury [7]. The use of standard mattresses 
is recommended over the use of specialized gel 
mattresses, but foam or gel padding of specific 
pressure areas is recommended [7]. Planning 
with the entire procedural team to expedite the 
time necessary for the procedure and sedation 
can diminish the time period the patient spends at 
risk for tissue injury.

8.7  Conclusion

Proper patient positioning for procedural seda-
tion is a planned and proactive balancing act that 
weighs the need of procedural ease and efficiency 
against patient safety and comfort. As with many 
aspects of excellent and thoughtful care, indi-
vidualized alterations upon basic tenets and pro-
cedures of safe positioning make it possible to 
have excellent patient outcomes. This planning 
of care requires collaboration and accurate com-
munication within the procedural sedation team. 
The team includes pre-procedural staff, intra- 
procedural staff, and post-procedural staff and 
consists of technologists, ancillary staff, nurses, 
physicians, and advanced practice nurses/provid-
ers (Fig. 8.8). Important information relevant to 
position planning includes (but is not limited to) 
the preexisting physiological or pathophysiologic 
status of the patient, pertinent laboratory or imag-
ing findings, assessment findings, knowledge of 
special operating factors needed for a success-
ful procedure, likely duration of the sedation/
procedure, necessary depth of sedation, and any 

specialized positioning aides to be used. Vigilant 
monitoring and assessment of the patient dur-
ing all phases of care yield the best chance of an 
 optimal outcome for both the patient and the pro-
cedural team.
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Transradial Arterial Access

Paula Dixon

9.1  Introduction

Relatively new to the interventional radiology 
(IR) world, transradial artery access (TRA) is 
quickly becoming the preferred primary site for 
catheterization. TRA’s minimally invasive tech-
nique, low complication rates, quicker patient 
recovery, and higher patient satisfaction all lend 
to this new approach. The superficial location of 
the radial artery makes it easily accessible regard-
less of a patient’s body habitus and no major 
nerves or veins are located near common access 
points. Patent homeostasis is easily achieved due 
to the radial artery superior position to the radius. 
Misconceptions about the increased stroke risk, 
higher radiation doses, and lack of appropriate 
training have hindered TRA use until recently. 
Several newly published research articles and 
meta-analysis studies show that TRA has similar 
or even fewer complication rates as transfemoral 
artery access (TFA) and many advantages over 
the TFA approach. In addition, no increase of 
neurological complications or radiation exposure 
to the patient or the procedure room personnel is 
noted using TRA. These studies also emphasize 
that the use of TRA in obese patients and patients 
with a higher risk for bleeding have decreased 

hemorrhagic and vascular complications, and 
decreased mortality rates.

Another advantage mentioned frequently in 
the literature on TRA is the decrease in procedure 
delays to correct certain coagulopathies that are 
inherent to the IR patient population. Without the 
need of costly blood products, the time needed for 
safe infusion, and the wait while retesting of lab-
oratory values, TRA can result in quicker and less 
costly interventions. In addition, anticoagulation 
may not need to be held or reversed. The use of 
commercial devices to achieve patent homeosta-
sis within moments after sheath removal results 
often in significantly reduced recovery times and 
same day discharge. With shorter length of stay, 
patients spend more time at home and less in the 
hospital setting increasing patient satisfaction. 
Patient satisfaction is also higher because unlike 
TFA the patient can immediately sit up or even 
ambulate after a procedure instead of spending 
hours in a supine position with limited mobility. 
This translates into reduced costs to the institu-
tion and the ability to reduce labor costs.

9.2  Pre-procedural Planning 
and Radial Artery Evaluation

One of the most crucial aspects of procedure 
planning is obtaining safe and effective arte-
rial access. Now with recent advancements in 
 catheter and sheath technology, along with longer 
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rapid exchange systems and wires, IR procedures 
that were limited to TFA can now be considered 
for TRA. However, proper technique and equip-
ment approved for use with the TRA approach 
are paramount to the safety and success of the 
procedure. Hands on learning workshops help the 
operator navigate through the common technical 
radial problems encountered. Before consider-
ing TRA as an alternative to TFA, institutions 
and operators need to ensure the proper training 
with learned skills and the availability of spe-
cialty equipment. Ideally the access site should 
be determined through the assessment of the 
individual patient’s anticipated anatomical vari-
ants and pathologic conditions resulting in the 
safest approach. Selection of the correct vessel 
should be done before the patient arrives in the 
procedure suite. Pre-procedural evaluation plays 
an important role in determining the best treat-
ment plan based on the individual patient’s needs 
and preexisting factors. Previous procedures and 

surgeries, body habitus and obesity, concern for 
possible bleeding due to pharmacological thera-
pies or organ dysfunction, and previous patient 
experience should all factor into initial access site 
consideration.

Whenever radial artery access is being con-
sidered, pre-procedural evaluation ensures a rela-
tively low complication rate. Ensuring adequate 
collateral perfusion to the hand is critical before 
cannulation is achieved. The deep palmar arch 
is formed by the radial artery (laterally) and the 
deep palmar branch of the ulnar artery (medi-
ally) (Fig. 9.1a). The two most commonly used 
tests are the Allen and Barbeau. Using the Allen 
and/or Barbeau tests and measuring the diame-
ter of the artery through sonographic evaluation 
ensures adequate circulation to the hand through 
the ulnar artery in case of radial artery spasming 
or other complications. Before proceeding with 
further testing ensuring a palpable radial pulse is 
mandatory.

a. Radial artery

Superficial palmar
branch of radial artery

e. Radial styloid

c. Dorsal radial
artery branch

b. Deep palmar arch
Superficial palmar
arch

d. Ulnar artery

Fig. 9.1 Anatomy of 
the hand with the  
(a) radial artery,  
(b) deep palmer arch,  
(c) dorsal radial artery 
branch (d) ulnar artery 
and (e) radial styloid. 
(Source: Marisa Dixon)
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9.2.1  Allen Test

The Allen test is performed by first having the 
patient make a fist. The evaluator then occludes 
both the radial and ulnar arteries. The patient then 
opens the hand which should appear blanched 
with pallor at the fingernails. Release of the ulnar 
artery occlusion should result with the return 
of normal capillary refill within 3–10 s. This is 
considered a normal Allen’s test, and ensures a 
complete palmar arch (Fig. 9.1a) confirming that 
radial access can be considered.

9.2.2  Barbeau Test

Unlike the Allen’s test the Barbeau test involves 
the use of pulse oximetry and is considered 
a more sensitive test excluding only 1.5% of 
patients. A pulse oximetry probe is placed on 
either the thumb or index finger, the area of the 
hand supplied by the radial artery. After noting a 
waveform the ulnar and radial arteries are then 
occluded which causes the waveform to either 
dampen or flatline. The ulnar artery is released 
and a waveform should reappear or undampen. 
The Barbeau classifies the results as Barbeau 

type A, B, C, and D (Fig.  9.2). Patients with 
Barbeau type A, B, and C are considered can-
didates for radial access. In Barbeau type A, no 
change in waveform is seen. Barbeau type B 
occurs when the waveform is temporarily damp-
ened but returns to normal amplitude after occlu-
sion of the ulnar artery is released. Barbeau type 
C is defined as the flatline of the waveform dur-
ing ulnar occlusion and a return of a dampened 
waveform after ulnar release. Barbeau type D is 
the flatline of the waveform after ulnar occlusion 
with a continued flatline after ulnar release for 
2 min or longer. Barbeau type D is not recom-
mended for radial access.

9.2.3  Ultrasonographic Evaluation

Once a patient is deemed eligible for radial 
access cannulation, the most appropriate sheath 
size can then be determined with the assistance 
of  ultrasonography evaluation. The artery is 
visualized approximately 1  cm above the sty-
loid process with the ultrasound machine setup 
to measure the anterior-posterior (AP) diam-
eter. The artery is measured from inner wall to 
inner wall. Careful attention should be taken to 

Barbeau test

Start

Type A

Type B

Type C

Type D

With radial compression
With radial compression

for two minutes

Fig. 9.2 Barbeau Type 
A, B, C, D. (Source: 
Marisa Dixon)
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avoid excessive  compression while measuring 
which could result in an underestimate of the true 
AP diameter. A minimum of 1.8 mm is recom-
mended; however, diameters as small as 1.6 have 
been successfully accessed. If prior radial access 
has been obtained scanning the artery to the bra-
chial artery bifurcation is advised. The size of the 
inner diameter should either be printed from the 
machine or documented in the patient’s record 
for future considerations.

9.2.4  Selection 
and Contraindications 
for Radial Access

Patients with a positive Allen test and/or Barbeau 
type A, B, or C with a radial artery diameter 
of 1.6 or greater are candidates for the radial 
approach. Sheath determination is based on 
the radial artery diameter and can range from 4 
French to 7 French depending on the manufac-
turer’s recommendations, with the most common 
access using a 5 or 6 French. The mean diam-
eter of radial arteries measured by ultrasound is 
2.6. Absolute contraindications for use of upper 
extremity access include same side dialysis graft, 
patient refusal, absence of radial pulses, and 
known asymptomatic radial stenosis calcifica-
tion. Relative contraindications include abnormal 
tests for dual circulation, upper extremity vascu-
lar disease, patients with chronic renal failure that 
may require future permanent dialysis access and 
operator inexperience. Alternative upper extrem-
ity sites are discussed in Sect. 9.6.

9.3  Setup and Positioning

The patient’s arm can be positioned in several 
different ways. The most common is to position 
the patient’s arm next to their side mimicking 
groin access and allowing for equipment used to 
be placed on the sterile drape the same as TFA 
(Fig. 9.3). The use of a slide board can help in 
the positioning and securing of the arm. There 
are several commercial immobilization devices 
available specifically to help optimize access 

and stabilize the wrist throughout the procedure 
(Fig. 9.4a). Slight hyperextension of the wrist can 
also be achieved with the use of a rolled-up towel 
directly under the access site (Fig. 9.5a).

The arm can also be positioned and maintained 
abducted at a 70- to 90-degree angle (Fig. 9.5b) 

Fig. 9.3 Right radial access. Right radial access with arm 
adjacent to groin, note the operator is in the same position 
as TFA

a

b

c

Fig. 9.4 Use of wrist positioning device and arm board. 
(a) Use of a wrist positioning device. The device is hooked 
onto the arm board for stabilization and optimal wrist 
placement. (b) The pulse ox is placed on the index finger 
for monitoring radial artery patency during the procedure. 
(c) An IV is placed ipsilateral and out of the area where 
the procedure will occur
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with the use of an arm board. While this may 
initially help the operator gain access, it is more 
difficult to exchange devices and limits the move-
ment of fluoroscopy equipment, requiring delays 
while the arm is repositioned closer to the body 
for certain fluoroscopy scans. If the left radial site 
is required, access can be obtained on the left side 
and the patient’s hand can be positioned over the 
lower abdomen/groin area to facilitate working 
from the preferred right side. Determining left 
versus right radial access depends on the type 
of procedure and equipment available. For pro-
cedures below the diaphragm, left-sided access 
is recommended because of the shorter distance 
to the target area. Although the difference may 
only be several centimeters, this helps ensure that 
correct catheter lengths are available. Using left 
TRA also prevents the sheath or guiding catheters 
from being positioned over the great vessels in 
the aorta and theoretically decreases the chance 
of cerebral embolus or thrombus formation.

Avoidance of radial artery spasming is key to 
ensure access. Medications for sedation and uti-
lization of lidocaine for infiltration help prevent 
radial spasming. Other techniques involve topical 
anesthetic cream applied to the wrist in the pre- 
procedural setting. This helps reduce the amount 
of lidocaine used to infiltrate over the access site 

and decrease the chance of obscuring the radial 
pulse. Nitroglycerine (NTG) ointment can also 
be applied on the site to help with dilation and 
decrease radial artery spasming. Another strategy 
involves mixing NTG 200 micrograms in 1 mm 
with lidocaine 1% for infiltration. This not only 
helps reduce the chances of arterial spasming and 
but also helps predilate the artery.

Placing a pulse oximetry probe on the thumb 
or forefinger of the arm being accessed helps 
identify arterial spasming (Fig.  9.4b). Ideally 
intravenous (IV) access should be in the con-
tralateral arm. If this is not possible, then an 
IV placed in the ipsilateral arm should be as far 
away as possible from the access site to ensure 
proper prepping and homeostasis can be achieved 
(Fig. 9.4c). A common place for blood pressure 
monitoring is on the patient’s legs, as to not inter-
fere with IV infusions.

9.4  Radial Access and Sheath 
Introduction

The wrist area is prepped following sterile tech-
nique with a standard antiseptic scrub solution. 
The area prepped extends from the upper palm 
to the right and left lateral points, and five-finger 
breadths above the radial artery pulsation. The 
drape is placed with the fenestrated area over 
where the radial pulse is palpable. The point of 
access is 1–2  cm proximal to the radial styloid 
(Fig.  9.1b). A sterile marker should be used to 
mark where the entry should take place. The 
most common method to obtain access is with 
ultrasound guidance and the Seldinger tech-
nique using a micropuncture needle (Fig.  9.6). 
Alternative methods include a modified Seldinger 
technique. Similar to the standard Seldinger tech-
nique the needle, catheter, guidewire, and sheath 
are all parts of a single radial access kit. Dilators 
included with the radial sheaths are tapered to 
0.018  in. to allow sheath introduction without 
an incision or wire exchange. Access can also be 
obtained by the use of an angiocath needle. The 
angiocath technique differs in the Seldinger and 
modified Seldinger method because of the use of 
a through-and-through approach. The angiocath 

a

b

Fig. 9.5 Left radial access. (a) Use of a rolled-up towel 
for hyperextension of the left wrist. Note the fingers are 
secured in a pocket made with towels and the pulse ox in 
place for monitoring. (b) A padded arm board is used to 
abduct the left arm to facilitate radial access insertion

9 Transradial Arterial Access



110

needle is sent through the posterior wall of the 
radial artery under direct palpitation and then 
slowly pulled back until blood appears in the 
chamber. This method ensures access through 
the true lumen of the vessel. Preference of access 
should be determined by the operator skill and 
the equipment available.

Regardless of technique implemented, if 
any resistance while advancing the wire is met, 
fluoroscopy for direct visualization should be 
used. Once the wire is able to be advanced only 
a sheath with a hydrophilic coating is recom-
mended. Research demonstrates the lubricating 
polymers of the coating, not the length or size of 

1 2

3 4

65

Fig. 9.6 Seldinger technique. Step 1. After proper skin 
prep and sterile draping, the radial artery is palpated. The 
skin is entered at approximately a 30–45°. When the nee-
dle is through the skin, the operator begins pulling back 
on the plunger of the syringe. Needle advancement is 
stopped when blood (flash) starts to enter into the syringe. 
The needle is stabilized in place with the operator’s non-
dominant hand and then the syringe is removed. With the 
same hand that is stabilizing the needle in place, place the 
thumb over the hub to prevent both blood loss or to pre-
vent air from entering the needle. (Air entering the needle 
can lead to an air embolism if negative pressure is cre-
ated.) Step 2. The guide wire in then carefully inserted 
into the hub of the needle and advanced. There should be 
no resistance while advancing the guide wire. Resistance 
could mean the guide wire is no longer inside the lumen of 
the vessel, dissection of the vessel wall has occurred, 

thrombus is present, or vessel spasm is occurring. Step 3. 
When the guide wire is at the appropriate place, the opera-
tor should continue to hold onto the guide wire and retract 
the needle. While holding the guide wire in place, the 
operator removes the needle from the guide wire. Step 4. 
If enlargement of the insertion site is needed to place a 
larger catheter, a #11 blade scalpel is used. Care is needed 
to avoid touching the blood vessel. Step 5. While the oper-
ator holds the guide wire, the distal end of the catheter is 
placed over the tip of the guide wire and the catheter is 
advanced until the guide wire comes out of the catheter. 
The operator advances the catheter into the vessel while 
still maintaining a hold on the guide wire. Step 6. Once 
the catheter is in the vessel, the guide wire is very gently 
removed. After catheter placement is confirmed (blood 
return verified and then flushed per protocol) it is secured 
in place per routine. (Source: Marisa Dixon)
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the sheath, reduce the likelihood of arterial wall 
irritation, spasming, and associated pain [1].

Once the sheath is introduced, a “radial 
cocktail” is utilized. Medications are given 
intra- arterially directly into the sheath and/or 
intravenously. These cocktails are used to help 
prevent arterial spasm, relax vascular tone, and 
reduce clotting. Nitrates and/or calcium channel 
blockers in combination with heparin or bivali-
rudin are used in various amounts and combi-
nations and given at certain time intervals. This 
practice varies greatly in different institutions 
with no current consensus on an ideal amount or 
frequency in the interventional community.

If the sheath moves easily, advance it to the 
hub. If resistance is met during sheath introduc-
tion and placement has been verified through 
fluoroscopy, remove the wire and inject a vaso-
dilator directly into the sheath (nitroglycerin 
100–200  μg, verapamil 2.5–5  mg, and nicar-
dipine hydrochloride 500–1000  μg). Reinsert 
the wire and the dilator and continue to advance 
under fluoroscopic guidance. Once the sheath is 
in place, flushed, and medications to reduce spas-
ming are given, the sheath can be secured using a 
clear plastic covering or a suture.

Once the sheath is secured, the arm can be 
repositioned if needed to prepare for catheter 
insertion. A catheter is advanced with the use of 
a guidewire. A standard 0.035-in. J-wire is most 
commonly used with a small J-curve. A J-curve 
is recommended as it helps with steerability 
and prevents the wire from entering into small 
branches. Other wires can be used based on oper-
ator preference and experience. A coated hydro-
philic wire may be used with caution because of 
the ability to easily travel into smaller vessels or 
become subintimal, thus increasing the poten-
tial of perforating a vessel. If any resistance of 
the wire and/or catheter is met while advancing 
up the arm fluoroscopy can be used with small 
“puffs” of contrast to ensure proper placement 
into central circulation. Fluoroscopy is always 
used when reaching the central circulation to 
ensure a safe passage through the aorta. Once the 
guiding catheter has passed into the aorta proce-
dural catheters and wire selection will be based 
on the final destination and the procedure.

9.5  Patent Homeostasis in TRA

Patent homeostasis is the balance between apply-
ing just enough pressure to avoid bleeding or 
oozing but not so much pressure as to cause tis-
sue necrosis or nerve damage and artery occlu-
sion. This concept is demonstrated when manual 
pressure is held on the femoral artery and dis-
tal pulses are checked to ensure there is still 
blood flow. Patent homeostasis begins with pre- 
procedural planning. The Allen and Barbeau test, 
anticoagulation, appropriate sheath size selec-
tion with ultrasonography, limiting the number 
of sheath and catheter exchanges, and patent 
homeostasis all play a vital role in minimizing 
the risk for radial artery occlusion. With a skilled 
operator and well-trained team these measures 
are instituted routinely. The goal of TRA is the 
maintenance of radial artery patency to ensure 
future use. Awareness to the importance of long-
term patency should be a hallmark in all levels of 
training and education.

9.5.1  Sheath Removal and Post- 
procedure Care

A number of commercial devices are available 
for homeostasis. The more common designs 
involve a clear plastic bracelet that allows for 
visualization of the access site (Fig. 9.7a). These 
devices have some kind of bladder for air to be 
added into and then gradually removed after 
a certain amount of time. The device is placed 
on the wrist and over the sheath prior to sheath 
removal. Although instructions will greatly vary 
depending on the type of homeostasis device 
used. Regardless of the device there are several 
critical steps to follow. Place the devices around 
the wrist, ensuring the appropriate size based 
on the options and manufacturer recommenda-
tions. The compressing component of the device 
should be over the entire insertion site includ-
ing any skin nicks and the sheath. A piece of 
gauze can also be placed under the sheath. This 
allows for any blood to be wicked onto the gauze 
(Fig.  9.7b). The device is then injected with a 
predetermined amount of air (usually 15–20 mL) 

9 Transradial Arterial Access



112

while the sheath is then slowly removed. Ideally 
the air should be injected as the sheath is slowly 
retracted. Patent homeostasis is accomplished 
once there is no active bleeding and the patient 
is free from pain or discomfort from overfilling 
of the device. After the device is applied patients 
are instructed to place no pressure on the hand 
or wrist and to continue to not use the wrist or 
hand while the device is still on. The patient is 
instructed to use their elbow to help transfer and 
reposition after the procedure (Figs. 9.8 and 9.9). 
If the patient is still sedated or having difficulty 
remembering instructions, the immobilization 
device used during the procedure can remain in 
place.

• To ensure there is no radial artery occlusion a 
reverse Barbeau test can be performed by 
occluding the ulnar artery and ensuring a 
waveform on the pulse oximetry reading. If 
type A, B, or C is seen with radial artery com-
pression patent homeostasis is confirmed. If 

Barbeau type D occurs, air should be released; 
if bleeding occurs, reinsert the air and move 
the patient to the recovery area. Repeat the test 
after 15 min. Patent homeostasis can often be 
achieved after a short amount of compression 
time. Staff involved in the care of the patient 
while the compression device is utilized 
should be well versed in assessing for patent 
homeostasis and monitoring of the extremity 
to ensure there is no ischemia or hematoma 
formation. Until the practice of TRA access is 
well established in the institution, any findings 
suspicious of hematoma and/or hand pain, 
unrelieved with deflation of the device, 
requires immediate notification of the inter-
ventionalist. Mild hematoma formation can be 
treated with analgesics, an ice pack and/or the 
use of another compression device or blood 
pressure cuff. Frequent assessment and early 
detection of hematoma formation are crucial 
to avoiding complications. Ensuring that the 
same high standards of care occur in the post- 
procedure area as in the pre- and intra- 

Fig. 9.7 Wristband for homeostasis. A syringe with air 
being injected into the bladder of the wristband. A piece 
of gauze is used to wick away blood after proper amount 
of air is determined

Fig. 9.8 Patient transfer technique. Patient using elbow 
to transfer back to stretcher immediately after placement 
of wristband
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procedure setting is essential to ensure there is 
no radial artery occlusion and the artery is pre-
served for future use.

Protocols for the post-procedure area vary 
greatly but for most institutions standard site 
checks are done the same as for femoral access 
with no removal of air from the device for 
60–90  min. Air removal standards also vary 
greatly but are usually done every 15  min and 
1–4  mL of air or one-fourth of the initial total 
amount of air inserted into the device is removed. 
Most recovery areas start with a minimal amount 
of air removal and gradually increase the amount. 
If bleeding is noted after air removal, the air is 
reinserted for another 15 min, then removal can 
be attempted again withdrawing a smaller amount 
of volume. Usual deflation takes about an hour. 
Patient compliance with restricted wrist usage is 
critical to ensure deflation can occur in a timely 
manner. If noncompliance with wrist restrictions 
is observed, the securement device used during 
the procedure or other type of arm board device 

can be applied to help limit the movement of the 
wrist. Once the compression device is completely 
deflated it remains on the wrist for another 60 min 
in case reinsertion of air is necessary. A dressing 
is placed over the site for 24 h. The average time 
in from placement to removal of the hemostasis 
device is 3  h. After the device is removed the 
patient can be discharged or released to an area 
that is not familiar with post-radial access care. 
Patient discharge instructions focus mainly on 
limited use of the arm for 5–7 days and not lifting 
anything heavier than five pounds with the hand.

9.6  Alternate Sites to TRA Access

Good pre-procedural planning includes always 
determining and prepping a backup site. Although 
many institutions still use the TFA as backup if 
TRA access cannot be achieved, studies have 
shown that transulnar artery (TUA) access and 
dorsal transradial artery access (dTRA) or “snuff-
box” access can also be acceptable backups or 
even primary sites if TRA is unsuccessful or con-
traindicated [2, 3]. Both sites have similar reduced 
major vascular and bleeding complications and 
offer the patient the same benefits of early patient 
ambulation, and reduced hospital stay when 
compared with TFA. All members of the health 
care team should anticipate a small amount of 
TRA complications regardless of the amount of 
preparation and testing when determining TRA 
eligibility. The majority of complications present 
themselves during initial TRA attempts. Artery 
spasming, smaller than expected inner artery 
diameter, radial stenosis calcification, tortuosity 
in any part of the artery, and other anatomic issues 
can all be causes to unsuccessful TRA.

9.6.1  Ulnar Artery Access

Since the ulnar artery is not as superficial as the 
radial artery, palpation is more difficult. To pal-
pate the ulnar artery, hyperextend the hand and 
palpate at the fold of the wrist. Hyperextension 
of the wrist is critical for a successful procedure. 
Most common complications involve inability to 
advance the wire despite adequate blood flow. 

Fig. 9.9 Patient transfer onto stretcher. Patient using 
elbow to sit up immediately after placement of homeosta-
sis device and transfer onto stretcher
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TUA is not considered a primary site due to tran-
sulnar cannulation failure results and should only 
be attempted by highly skilled interventionalists 
[3]. After successful TUA access the intra- and 
post-procedure care is identical to that of TRA.

9.6.2  Distal Transradial Artery 
Access

Distal transradial artery access (dTRA or “snuff-
box” access) involves the sheath insertion on the 
back of the hand in the anatomical location where 
the dorsal radial artery can be palpated, known 
as the “snuffbox.” This access is preferable for 
patients who are unable to supinate their wrists 
due to orthopedic injuries and decreased range of 
motion. It can also be used instead of left TRA so 
the arm can be pronated towards the right side of 
the patient for right-sided procedures. The arm is 
placed in a neutral position with a rolled-up towel 
or rolled-up gauze placed in the hand to maintain 
neutrality. The dorsal radial artery is superficially 
located and may have one or two veins surround-
ing it. Ultrasound guidance is recommended for 
the same reasons as traditional TRA. Traditional 
TRA bands tend to move out of position too eas-
ily with the most subtle movements of the wrist 
in this area and are not recommended. Instead 
patent homeostasis is achieved with the use of a 
bulky pressure dressing using gauze and an elas-
tic wrap. Staff are instructed to monitor the site 
with the same guidelines as TRA but since the 
dressing tends to loosen over time little manip-
ulation of the area is required. Slow release of 
pressure usually occurs without assistance from 
the staff; however, the same attentiveness to site 
assessment is required.

9.7  Conclusion

TRA has been successfully performed by inter-
ventional cardiologists for three decades. In 
many practices cardiologists believe in the 
“radial first” approach, and it is quickly becom-
ing the standard of care. In 2015, the European 
Society of Cardiology (ESC) gave the highest 

degree of recommendation for TRA over the 
TFA approach for coronary angiography and 
percutaneous coronary intervention in patients 
with acute coronary syndrome without persistent 
ST-segment elevations citing its superior results 
in fewer events concerning major bleeding, vas-
cular complications, and on reducing all causes 
of mortality [4]. This endorsement also cautioned 
to ensure proficiency is maintained in both the 
TRA and the TFA approach, as both access sites 
are indispensable in the care of all heart disease 
patients. Many advocates for the TRA approach 
anticipate that following the recommendations 
of the ESC many other organizations will join 
in concluding that radial access is an equal and 
valuable approach. In 2018, the American Heart 
Association (AHA) published a scientific state-
ment to affirm and recommend the “radial-first” 
strategy for patients with acute coronary syn-
drome in the United States [5]. With all the praise 
given to the TRA approach the benefits attributed 
emphasize there is a steep learning curve. To 
optimize procedural outcomes and success rates 
emphasis is attributed to expertise and skill of the 
operator and institution in the pre-, intra-, and 
post-procedure settings.
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10.1  Introduction

Contrast media is used to enhance visibility of 
soft tissue structures during computer axial 
tomography (CT), magnetic resonance imaging 
(MRI), ultrasound imaging (US), and diagnostic 
imaging (DI), as well as to enhance the vascu-
lature in interventional radiology (IR). Contrast 
media are given orally, rectally, intracavitary, 
and intravascularly [1]. Approximately half of 
the 76 million CT scans and 34 million magnetic 
resonance imaging studies are performed with 
the use of intravenous contrast agents [2]. The 
goal of the administration of contrast media is 
a high concentration of contrast in body tissues 
with minimal systemic effects [3]. While contrast 
media are generally considered safe, they are not 
without risk, with reactions ranging from mild 
and self-limiting, to life threatening [2].

10.1.1  Staff Responsibility

Clinicians caring for patients undergoing 
contrast- enhanced imaging must be trained in 

early identification and management of acute 
contrast reactions. For leaders in the radiology 
setting, understanding the risks associated with 
contrast, development, and implementation of 
evidence-based protocols for screening patients 
prior to imaging, acute contrast reaction manage-
ment, and a comprehensive plan for provision of 
team education are essential to ensuring the safe 
care of patients undergoing contrast-enhanced 
imaging. Routine refresher in-services, possibly 
including simulations, are needed.

10.2  Types of Intravascular 
Contrast Media

Iodine-based intravascular contrast agents can 
be divided according to osmolarity (high, low, 
or iso-), ionicity (ionic or nonionic), and the 
number of benzene rings (monomer or dimer) 
[2]. Currently nonionic low or iso-osmolar 
preparations are used almost exclusively for 
intravascular injections. Low-osmolar contrast 
agents are associated with significantly lower 
rates of acute reactions compared with high-
osmolar agents. Gadolinium chelates, approved 
for intravascular use for MR imaging, are 
extremely well tolerated, with relatively few 
acute reactions and discomfort but the clinician 
should be aware reactions can occur. For more 
information on MR contrast agents, refer to 
the American College of Radiology Manual on 
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Contrast Media v10.3 (May 2018; Available on 
line at https://www.acr.org/Clinical-Resources/
Contrast-Manual) and the manufacturer prod-
uct inserts.

10.2.1  Physiological Effects 
of Intravascular Contrast 
Media Injection

Contrast media are known to cause certain physi-
ological effects including peripheral vasodilation 
with temporary increase in heart rate, feeling of 
warmth, complement activation, osmotic diure-
sis, renal tubular effects, and vasoactive sub-
stance release, e.g., histamine. These are believed 
to be due to the chemical makeup and osmolar 
attributes of the contrast media. It is important 
to note that the low-osmolar and iso-osmolar 
agents have a lower incidence of these effects 
and have become the community standard for 
intravascular procedures as they are better toler-
ated by the patient. The amount of the contrast 
administered will affect the extent of some physi-
ological effects. It is prudent to keep the amount 
of contrast to a minimum needed for the specific 
procedure image requirements and according to 
the patient assessment.

10.2.2  Contrast-Enhanced 
Ultrasound

Contrast-enhanced ultrasound (CEU) is an ultra-
sound study enhanced by the intravenous or 
intracavitary administration of microbubbles or 
microspheres. Ultrasound contrast agents have a 
similar safety profile to those used for CT and 
MR. There is insufficient evidence regarding the 
risk of ultrasound contrast media in pregnant 
women. Ultrasound contrast agents are contra-
indicated for intra-arterial administration, and in 
patients with previous hypersensitivity to micro-
spheres. Unlike CT contrast, ultrasound contrast 
agents have no known renal toxicity when admin-
istered at approved doses [4].

10.3  Patient Safety

There are multiple elements to ensuring patient 
comfort and safety in the administration of con-
trast media. Having established protocols for the 
type and amount of contrast to be administered 
for imaging, who may administer contrast, and 
screening patients for conditions that identify 
patient conditions in which the administration 
of contrast media are contraindicated are essen-
tial. Contrast media are considered a medication, 
subsequently they should be stored in a secured, 
temperature-controlled environment. Warming 
contrast may facilitate ease of injection by reduc-
ing the viscosity and reducing injection discom-
fort during contrast injection in the patient [4]. 
Prior to injection, contrast should be inspected for 
expiration date, possible contamination, or par-
ticulate matter and administered through a large 
bore intravascular device or power- injectable 
centrally placed vascular catheter. Proper identifi-
cation of a power-injectable device is mandatory 
prior to injection; patency should also be verified. 
Following administration, type of contrast, dose, 
and patient reaction should be documented in the 
patient medical record, and any observed patient 
reaction to contrast should be documented (and 
noted in the imaging report), reported in the hos-
pital safety event reporting system, and commu-
nicated to the referring provider or team.

10.3.1  General Risks

For any procedure, clinicians must weigh the 
risk-to-benefit ratio for the patient. Patients have 
a right to make informed decisions about the 
care that they receive; subsequently ordering 
providers are obligated to communicate those 
risks to the patient prior to the test or interven-
tion. For this reason, most institutions require a 
separate consent for the administration of con-
trast media; at some institutions the consent for 
contrast maybe implied or included in the pro-
cedure consent. Staff should adhere to the poli-
cies and procedures for contrast administration. 
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Children, the elderly, pregnant women, patients 
with heart  disease, diabetes, sickle cell disease, 
or renal disease (or solo kidney), or those taking 
medications such as beta blockers, metformin, 
or nephrotoxic medications (e.g., chemotherapy 
or certain antibiotics) may require additional 
consideration prior to contrast-enhanced imag-
ing [4]. All patients should be screened for pre-
vious allergic reaction to iodinated contrast and 
queried regarding the symptoms, extent of the 
reaction, and known treatment. Patients with an 
allergic history may be given a premedication 
with steroids or be advised to have a non-contrast 
study, have a study using another modality, e.g., 
ultrasound when feasible, or for a select group of 
interventional procedures, using carbon dioxide 
in place of contrast, as the best option.

10.3.2  Contrast-Associated Risks 
with Metformin

Metformin is a biguanide administered alone or 
in combination with other drugs for the treat-
ment of type 2 diabetes mellitus, as well as poly-
cystic ovarian syndrome. Metformin decreases 
production of glucose by the liver and enhances 
peripheral glucose uptake [4]. Metformin is 
excreted unchanged by the kidneys. Patients tak-
ing metformin with normal renal function are 
not at higher risk for post-contrast acute kid-
ney injury (PC-AKI) [4]. Iodinated contrast is a 
potential risk for patients with renal impairment, 
and patients with acute or chronic impairment of 
renal function may be at greater risk of develop-
ing metformin-related lactic acidosis following 
the administration of contrast media [4, 5].

Proper screening of patients specific to renal 
function and medication use is essential to pro-
tecting patients from the risk of acute kidney 
injury following contrast administration (see 
Table 10.1 Guidelines for patients on metformin).

For guidance regarding the care of patients 
using metformin (and metformin combination 
medications) following contrast administration, 
refer to guidelines such as those published by 

American College of Radiology, publish guide-
lines specific to the management of contrast- 
related emergencies (https://www.acr.org/
Clinical-Resources/Contrast-Manual).

Department-specific protocols regarding met-
formin must be accessible by all staff and com-
municated both within the department and to 
referring providers requesting contrast-enhanced 
imaging of their patients taking metformin, in 
order that patients can be prescribed alternative 
agents for blood sugar management, as well as 
directions regarding the need for follow-up eval-
uation of creatinine. Additionally, patient edu-
cation materials, specific to holding metformin, 
should be made available in radiology settings 
where contrast is administered.

10.3.3  Acute Kidney Injury

Post-contrast acute kidney injury (PC-AKI) is 
defined as deterioration in renal function which 
presents within 48  h of contrast administration 
[4]. Acute kidney injury (AKI) is poorly under-
stood and may be caused in combination from 
contrast agent, dose and renal hemodynamic 
changes. It is a complication which can lead to 
increased morbidity and mortality [7]. Contrast- 
induced nephropathy (CIN) is a sudden deterio-
ration in renal function following the intravenous 
injection of contrast and is therefore a subcat-
egory of PC-AKI [4]. Routine testing of blood 

Table 10.1 Guidelines for patients on metformin

Category I
In patients with no evidence of AKI and eGFR 
≥30 mL/min/1.73 m2—there is no need to hold 
metformin or recheck renal function following the 
administration of contrast [4, 6]
Category II [4]
In patients with known kidney dysfunction (stage IV or 
V), or eGFR<30 mL/min/1.73 m2, or those undergoing 
arterial catheter studies associated with increased risk 
of emboli, metformin should be withheld at the time or 
prior to procedure and for 48 h following the study and 
reinstated only following reevaluation of renal function 
(ACR, 2018)

Source: ACR Manual on Contrast Media v 10.3
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serum creatinine according to guidelines estab-
lished by the American College of Radiology [4] 
should be considered in select patients, such as 
those with preexisting elevated serum creatinine 
clearance. A calculated estimated glomerular 
filtration rate (eGFR) may be the best index for 
evaluating renal dysfunction in those with risk of 
nephrotoxicity.

Volume expansion may reduce risk for 
PC-AKI. Only isotonic crystalloid hydration has 
been shown to reduce the incidence of kidney 
injury in at-risk populations although numer-
ous other medications have been researched [4, 
7]. Many other measures have been tested in the 
past, but none have proven to be of clinical value. 
Hydration should be done cautiously in certain 
patients, for example, those with cardiac disease.

Screening vulnerable populations for renal 
function, by calculating eGFR, prior to contrast 
injection, is essential in minimizing the possi-
bility of PC-AKI [4, 7]. Guidelines for patient 
populations who should be screened prior to the 
administration of contrast should be established 
and based on existing recommendations available 
through societies such as the American College 
of Radiology (ACR), Royal Australian and New 
Zealand College of Radiologists (RANZCR), 
the Royal College of Radiologists (RCR), or 
the European Society of Urogenital Radiology 
(ESUR). Concern regarding risk for acute kidney 
injury(AKI) is a relative risk for future admin-
istration of contrast but does warrant careful 
risk- benefit analysis prior to subsequent contrast 
injection [4]. Gadolinium-based contrast media 
are not associated with post-contrast-induced 
nephropathy but may cause nephrogenic sys-
temic fibrosis (NSF) in patients with preexisting 
renal compromise.

10.4  Extravasation of Contrast 
Media

Although extravasation is not considered a con-
trast reaction, providers may have to deal with 
a contrast media extravasation of varying sever-

ity. Extravasation occurs when contrast material 
infiltrates the interstitial tissue during injection. 
The reported incidence of contrast extravasation 
related to CT power injection of contrast media 
is 0.1–1.2% [4]. Extravasation of contrast media 
has been associated with skin ulceration, tissue 
necrosis, and compartment syndrome [8].

10.4.1  Prevention of Extravasation

Prior to the administration of contrast media, 
patients must be assessed for venous access capa-
ble of supporting power injection (1.5–3 mL/s). A 
peripheral intravenous, placed in a sufficient vein 
(antecubital) or a power-injectable implanted 
vascular access device (port-a-cath), power- 
injectable peripherally inserted central catheter 
(PICC), or small-bore tunneled catheter that is 
secured, position is verified, demonstrates good 
venous return, and flushes easily is optimal for 
the administration of intravenous contrast.

The most effective methods for identifying 
extravasation are (a) directly palpating the cath-
eter venipuncture site during the initial seconds 
of injection, and (b) asking the patient to report 
any sensation of pain or swelling at the injection 
site [2]. Patients experiencing extravasation may 
be asymptomatic, or complain of burning, pain, 
tingling, redness, or swelling at the injection site 
[2, 4]. If extravasation is recognized during con-
trast injection, immediately halting injection is 
essential to minimizing tissue damage. There is 
no consensus regarding whether the application 
of warm or cold compresses is associated with 
minimizing tissue damage after an extravasa-
tion [4]. Patients who develop pain, swelling, 
decreased capillary refill, change in sensation, 
skin ulceration, or blistering should be referred 
for a surgical consult [4, 9]. The condition of the 
site should be assessed immediately and then on 
the following days as the initial injury may not 
be truly reflective of the extent of the damage [4, 
9]. It is important that patients understand how to 
follow- up with an extravasation injury and have 
written instructions with contact numbers.
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10.5  Special Populations

Some patients need additional consideration 
prior to contrast administration.

10.5.1  Children

There is limited research to examine the impact 
of low-osmolar contrast media or gadolinium- 
containing contrast media in children. Numerous 
factors distinguish contrast administration in 
children compared to administration to an adult: 
smaller volumes, smaller intravenous catheter 
sizes and vessels, and immature renal and immune 
system should be considered prior to contrast 
administration. Neonates and small children 
are particularly vulnerable to fluid shifts due to 
osmotic load; subsequently osmolarity of contrast 
media is an additional consideration. Children 
experiencing contrast reactions or those with an 
established history of contrast reactions should be 
premedicated using evidence-based, weight-spe-
cific dose guidelines [4, 10]. Calculated eGFR is 
an acceptable means of measuring renal function 
in children at risk of contrast- induced nephropa-
thy or nephrogenic systemic fibrosis [4].

10.5.2  Pregnant Patients

Little research has been done on the impact of 
contrast media on pregnant women and the effects 
on the human embryo or fetus [4]. If contrast- 
enhanced imaging is needed, it is critical to review 
the risks and benefits of imaging and obtaining 
informed consent. Shortly after injection, contrast 
enters the fetal blood stream. The contrast will be 
excreted via the urine into the amniotic fluid and 
be subsequently swallowed by the fetus [4]. There 
is a small risk of thyroid suppression in the fetus 
of women who receive iodinated contrast during 
pregnancy [11]; however, to date, there have been 
no diagnosed cases of neonatal hypothyroidism in 
those who were exposed to low-osmolar contrast 
media in utero [4, 11]. A very small amount of 

iodinated contrast may be excreted in breast milk, 
though cessation of breastfeeding is not consid-
ered necessary, but may be left at the discretion of 
the mother [4, 11].

There is limited research specific to the admin-
istration of gadolinium-based contrast media to 
pregnant women [4, 11]. A retrospective review 
of Canadian provincial birth registries currently 
indicates that administration of gadolinium dur-
ing the first trimester pregnancy is associated 
with increase in rheumatological, inflammatory, 
and infiltrative disorder, and administration of 
gadolinium at any point in pregnancy is associ-
ated with stillbirth and neonatal death [4].

Gadolinium should be avoided in pregnancy 
unless necessary, and nursing women who receive 
gadolinium are recommended to stop breastfeed-
ing for 24 h following administration [11].

10.5.3  Older Patients

The terms “older” or “elderly” are quite often used 
to refer to patients 65 years of age and older. Aging 
refers to the inevitable and irreversible decline of 
organ function with age [12]. Kidney function is 
known to decline with age [13]. The kidney under-
goes changes in both structure and function with 
age. Glomerular filtration rate (GFR) is known to 
slow with age, and this decline in renal function 
may predispose the older patient to acute kidney 
injury; subsequently, screening of older adults for 
kidney function prior to the administration of con-
trast media is recommended [2]. Additionally, due 
to age-related decline in renal and cardiovascular 
functioning, older patients are at greater risk of 
developing cardiovascular collapse during ana-
phylactic reactions to contrast media [14].

10.6  Premedication for Contrast- 
Enhanced Studies

Premedication using steroids and antihistamines 
may reduce the possibility of contrast-mediated 
hypersensitivity reactions in at-risk populations [4].  
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Oral or intravenous pre-steroids and antihista-
mines may be used for premedication, with oral 
medications being more cost effective and conve-
nient. Established protocols shared with referring 
providers can ensure that patients arrive to the 
radiology department with the protocol  completed. 
However, despite premedication protocols, break-
through reactions are possible. Subsequently, radi-
ologists must have careful consideration to the 
risks and benefits of administering contrast media 
to patients with a history of prior allergic reactions 
to contrast media. Additionally, clinicians working 
in settings where contrast may be administered to 
patients with contrast allergies must receive edu-
cation and training in the management of severe 
contrast reactions [15].

See Table 10.2 for premedication protocols.

10.7  Acute Contrast Reactions: 
Anaphylactic/Physiologic

Reactions to contrast media may be classified 
as mild, moderate, or severe [6]. Low-osmolar 
contrast agents are associated with significantly 
lower rates of acute reactions compared with 
high-osmolar agents. The rate of acute adverse 
events for low-osmolar iodinated contrast agents 
is 0.2–0.7% and for severe acute reactions, 
0.04% [2, 4]. Allergic response to contrast media 
is often described as allergic or anaphylactic in 
nature. Anaphylaxis is a severe, immediate IgE-
mediated immunologic response causing release 
of mediators from the mast cells and basophils. 
The term anaphylactoid has been used to describe 
a similar response, not mediated by IgE. Recently, 
the World Allergy Organization (WAO) has sug-

gested that the term anaphylactoid be eliminated, 
and that all reactions presenting as clinically sim-
ilar to anaphylaxis be treated as such [16].

Patients with a history of atopy, asthma, der-
matitis, and urticaria have a threefold to sixfold 
increased risk of severe reactions to contrast 
media [2].

10.7.1  Types of Contrast Reaction

While the overwhelming majority of contrast- 
enhanced images are completed without nega-
tive effects on the patient, administration of 
contrast is not without risk. Adverse effects vary 
from minor physiologic and mild allergic-like 
reactions to rare but severe and life-threatening 
events [2, 4]. A third category, nonallergic reac-
tions, encompasses adverse events to contrast 
media, such as CIN.

The American College of Radiology Manual 
on Contrast Media v10.3 (May 2018; Available on 
line at https://www.acr.org/Clinical-Resources/
Contrast-Manual) provides explicit guidelines 
for the management of contrast reactions. The 
following provides information on the manage-
ment of different types of contrast reactions, as 
well as those referenced therein.

 1. Urticaria is a cutaneous, allergic-like 
response. Urticaria may be mild, moderate, or 
progressive.
 (a) Mild isolated urticaria may be self- resolving 

or respond to an oral antihistamine such  
as diphenhydramine or fexofenadine. 
Diphenhydramine, though inexpensive, is 
associated with drowsiness. Patients who have 
been administered diphenhydramine should 
avoid driving until the effects of the medication 
have resolved. Fexofenadine, though costlier 
than diphenhydramine, is often preferred by 
patients and clinicians, as it is not associated 
with drowsiness.

 (b) Moderate urticaria is a rash that is patchy, 
bothersome to the patient, and present in 
more than one area. Patients experiencing 
moderate urticaria should be monitored 
for progression of symptoms. It is recom-

Table 10.2 Premedication protocols

1.  Prednisone-based protocol: 50 mg oral prednisone is 
administered by mouth 13, 7, and 1 h prior to 
contrast injection, with the addition of 50 mg 
diphenhydramine administered by mouth 1 h prior 
to contrast injection.

2.  Methylprednisolone-based protocol:32 mg by mouth 
administered 12 h and 2 h prior to contrast 
administration with the addition of 50 mg of 
diphenhydramine administered by mouth

Source: ACR, Manual on Contrast Media v10.3 [4]
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mended to maintain intravenous access in 
this population, and that antihistamines be 
given intravenously.

(c) If urticaria is progressive, and there are 
signs of respiratory compromise or hypox-
emia, initiate the administration of oxygen 
and frequent vital signs. If the patient 
demonstrates signs of hypotension or mul-
tisystem compromise, initiate rapid fluid 
bolus and anticipate the administration of 
intramuscular epinephrine (1:1000) in an 
age- and weight- appropriate dose.

If the patient demonstrates signs of 
profound shock or is hypotensive and 
unresponsive, anticipate intravenous (IV) 
epinephrine (1:10,000) in an age- and 
weight-appropriate dose. If epinephrine is 
to be administered, it is recommended that 
a second clinician verify the dose of epi-
nephrine being given to the patient, as epi-
nephrine dosing errors in the context of 
the treatment of acute contrast reactions 
have been associated with myocardial 
infarction, dysrhythmia, and death [8]. If 
budget permits, use of dose-controlled 
epinephrine auto- injectors, such as the 
Epi-Pen®, are available in adult and pedi-
atric doses and help reduce risks associ-
ated with the administration of epinephrine 
during the treatment of moderate to severe 
allergic reactions to contrast.

Clinicians should understand the dif-
ferences in the strengths of epinephrine 
and usage for each. Education regarding 
dose calculation and administration of 
epinephrine should be included in team 
training specific to the management of 
acute contrast reactions.

 2. Sneezing, rhinorrhea, and scratchy throat 
may present following contrast reaction. If 
vital signs are within normal limits, consider 
oral diphenhydramine and observe until 
symptoms resolve.

 3. Bronchospasm is an anaphylactoid reaction and 
can be mild, moderate, or severe. The incidence 
of contrast-induced bronchospasm is rare and 
occurs most often in those with a prior history 
of atopy, allergies, and asthma. Patients who 

develop bronchospasm following the adminis-
tration of contrast should be medically evalu-
ated inclusive of vital signs, oxygen saturation, 
chest auscultation, and an evaluation of other 
potential signs of an acute contrast reaction. 
Patients with normal vital signs, oxygen satura-
tion, and no additional symptoms of acute con-
trast reaction can be treated with a beta-agonist 
inhaler. Patients unresponsive to multiple doses 
of a beta- agonist or those demonstrating signs 
of hypoxia or shock may respond to intramus-
cular epinephrine and advanced cardiac life 
support guidelines for anaphylaxis.

 4. Hypotension with tachycardia is an anaphy-
lactoid reaction. Patients experiencing hypo-
tension with tachycardia benefit from the 
administration of fluid volume expansion, and 
the administration of intramuscular (1:1000) 
or IV (1:10,000) epinephrine in age- and 
weight-appropriate doses. If the patient exhib-
its signs of hypoxia, administration of high 
flow oxygen is indicated.

 5. Laryngeal edema: Laryngeal edema is an ana-
phylactoid reaction and a life-threatening 
emergency. Patient demonstrating signs of 
laryngeal edema (stridor, respiratory distress, 
and hypoxia) should be evaluated rapidly (for 
vital signs, oxygen saturation) and treated 
with intramuscular epinephrine (1:1000) or 
IV epinephrine (1:10,000) in age- and weight- 
appropriate dose and high flow oxygen. If the 
patient demonstrates signs of profound shock, 
intravenous epinephrine is preferable.

 6. Hypotension and bradycardia is a physiologic 
reaction to contrast. Also known as a vasova-
gal reaction, patients with hypotension and 
bradycardia may experience dizziness, nau-
sea, and/or syncope. Patients experiencing 
hypotension with bradycardia should have 
their intravenous site maintained, be posi-
tioned flat or in Trendelenburg position, and 
receive volume expansion using isotonic crys-
talloid. Where placing the patient in 
Trendelenburg position is not an option, rais-
ing the patient’s legs may aid in volume return. 
Patients should have frequent evaluation of 
vital signs. Because hypotension with brady-
cardia is not an allergic-like reaction, these 
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patients do not need to be premedicated for 
future studies .

 7. Delayed reactions to contrast media can also 
occur. In certain circumstances, e.g., cutane-
ous reactions, parotid swelling (iodine 
mumps), thrombophlebitis, hyperthyroidism, 
or acute polyarthralgia have occurred, but are 
rare.

10.8  Departmental Readiness

Care of the patient experiencing an acute con-
trast reaction should follow departmental care 
protocols. Department protocols should be spe-
cific, evidence-based [4], accessible, promote 
timely care and support compliance, and com-
municated to all members of the radiology team. 
The American College of Radiology Committee 
on Drugs and Contrast Media, the Royal College 
of Radiologists, and Royal Australian and New 
Zealand College of Radiologists publish guide-
lines, made widely available that are considered 
a standard of care for patients experiencing acute 
contrast reactions [4, 6, 11]. Institution and depart-
ment-specific protocols, policies, and checklists 
that are based on the existing evidence should 
reflect available pharmacologic agents, composi-
tion of responding team, scope of practice limita-
tions of responders, and a plan for sustainability.

A multimodal approach to communicating 
protocols ensures that all stakeholders will be 
aware of the standards of care surrounding the 
management of acute contrast reactions. Policies 
and protocols should always be accessible, and 
easily searchable. Institutions utilizing electronic 
medical records may link electronic policy and 
protocol folders, and order templates to support 
compliance with contrast reaction treatment algo-
rithms. Where policies are housed electronically, 
team education must be inclusive of learning 
the pathway to locate the policy, protocol, order 
templates and documentation protocols specific 
to the management of acute contrast reactions. 
Institutions without websites must ensure avail-
ability of contrast reaction protocols, policies, 

and order sets at hand in each imaging or proce-
dure suite, as well as in the workup and recovery 
areas where patients receiving or recovering from 
a contrast-enhanced image or procedure may be.

10.9  Contrast Reaction Kits

A consistent, well-communicated, sustainable 
plan for maintaining contrast reaction supplies is 
essential to ensuring ongoing readiness [4, 6, 11]. 
Pharmacy medication cabinets, such as Pyxis® or 
Omnicell®, allow for the creation of virtual kits, 
enabling clinicians to remove all required medi-
cations quickly. This method ensures medication 
security and inventory control but may create a 
delay in obtaining medications in departments 
without secured cabinets in each imaging or pro-
cedure suite. Supplemental emergency medication 
kits containing all the supplies needed to manage 
an acute contrast reaction should be located proxi-
mal to every area where intravascular contrast is 
administered. Kits should be distinguishable, con-
sistently stocked across the department, approved 
by radiology and pharmacy leadership, with staff 
assigned to perform daily equipment checks, and/
or restocking of supplies as needed. Professional 
organizations such as the American College of 
Radiology,  the Royal College of Radiologists, 
and the European Society for Radiology  regu-
larly review and publish guidelines specific to 
achieving departmental readiness to manage 
patients with acute contrast reactions inclusive 
of recommendations regarding emergency equip-
ment needs [17].

10.10  Training

Radiology nurses, radiologists, technologists, and 
any assistants in every environment where intra-
vascular contrast agents are administered should 
be trained for rapid recognition and early inter-
vention in the management of acute contrast reac-
tions. This can be accomplished through online 
interactive learning [8, 18], simulation or drill 
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training [19], or a mixture of modalities inclusive 
of online learning, online testing, simulation, and 
post-simulation testing [19]. Team training using 
high-fidelity simulation should balance clinical 
skills and nonclinical team skills necessary to 
ensure patient safety [20]. Online and live learn-
ing should be augmented through the dissemina-
tion of cognitive aids, such as  identification (ID) 
badge cards or pocket cards [4] and posting of 
contrast reaction policies in imaging suites [4, 
11]. In conjunction with team training, cognitive 
aids support the real-time knowledge resource 
needs of clinicians during emergencies.

In hospital settings where rapid response and 
code teams respond to severe contrast reactions, 
training specific to the management of contrast reac-
tions reflecting both radiology practice standards 
[4, 6, 11] and emergency response activation may 
be necessary. Freestanding radiology centers with-
out internal emergency response teams should be 
trained how to access outside emergency services.

10.11  Conclusion

Use of contrast media, though generally safe, 
carries potential risks for patients. A successful 
contrast reaction management program involves 
careful review of the evidence, investment in 
team education, training, procurement of safety 
equipment, and ongoing program evaluation. 
Advanced practice leaders who take compre-
hensive approach in creating an environment of 
safety for the populations that they serve can 
ensure positive outcomes and a high-quality 
patient experience.
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11.1  Introduction

Advances in radiology benefit patients who now 
have many more minimally invasive diagnostic 
and treatment options. Higher volumes of 
patients, some of them critically ill, undergo 
complex procedures in radiology rooms. The 
potential to cause harm to patients through infec-
tion transmission exists in radiology departments 
whether the patient is undergoing noninvasive 
imaging or an invasive procedure. Although 
healthcare becomes ever safer, the Centers for 
Disease Control and Prevention (CDC) estimates 
that 5–10% of hospital patients suffer from 
hospital- acquired infections (HAIs) in US hospi-
tals every year, resulting in nearly 100,000 
deaths, and with an associated cost of $20 billion 
[1]. HAIs result from invasive procedures, con-

tact with the contaminated hands of healthcare 
workers (HCWs) or equipment, and overuse or 
misuse of antibiotics [1].

Infection prevention and control has been 
practiced throughout history, even when medical 
knowledge was limited. In medieval times vic-
tims of bubonic plaque were isolated in their own 
homes and their belongings burned. If they died 
of the disease, their bodies were buried in mass 
graves away from town [2]. Over time, less dras-
tic measures to prevent the transmission of infec-
tious diseases have been developed: hand 
hygiene, standard precautions, contact precau-
tions, and sterile techniques for invasive proce-
dures. By the 1950s most operating suites 
worldwide had adopted surgical clothing and 
sterile drapes [3]. Unfortunately, the radiology 
procedural suite has been slower to adopt similar 
techniques. In 2007, less than 60% of practicing 
radiologists wore hats, masks, and sterile gowns, 
or used full sterile drapes during central line 
placement [4, 5]. Infection control has recently 
become a major focus in many radiology depart-
ments [6]. Proper practices have the ability to 
prevent transmission of nosocomial pathogens 
and to save lives. Infection preventionists and 
healthcare epidemiologists provide expertise in 
advising and educating staff [7]. This chapter 
provides the advance practice nurse and nurse 
manager with foundational knowledge in infec-
tion prevention and control for both general 
imaging and interventional radiology.
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11.2  Standard Precautions

The radiology department is a potentially pathogen- 
rich environment. Almost every patient encounters 
radiology at some point, creating a unique level of 
risk. The CDC [8] defines standard precautions as a 
set of practices to be used whether or not the patient 
is diagnosed with an infection (Table  11.1). 
Radiology personnel must be vigilant in the use of 
personal protective equipment (PPE) to protect 
both themselves and the other patients they come 
into contact with on a daily basis [5]. Gloves should 
be worn for all interactions where there is potential 
for contact with blood or bodily fluids, mucous 
membranes, or non-intact skin. Gloves should fit 
well. Gloves that are too large may slip off and pro-
vide an incomplete barrier; gloves that are too 
small may tear more easily [5]. Gloves should 
never be used as a substitute for hand washing, as 
micro perforations can contaminate hands even 
when gloves are worn.

Use of non-sterile gowns as well as eye and 
mouth protection are needed when there is any 
chance of spray, splash, or splatter of blood or 
other body fluids. Some masks include eye pro-
tection. Eyeglasses are not considered complete 
protection against splash. Eye shields or goggles 
can be reused if they are disinfected in between 
patient encounters. Many radiology departments 
now opt for disposable eye shields. (This differs 
from lead eyewear to protect against radiation 
exposure though these can be used for both pur-
poses). PPE should be removed when leaving the 
patient care area.

The use of sterile gowns is required for any per-
sonnel having direct contact with a sterile field (see 

“Surgical Attire” below). The CDC, the Institute for 
Healthcare Improvement (IHI), and American 
College of Radiology (ACR) all agree that sterile 
gowns are an essential infection prevention strategy 
when performing procedures such as abscess drain-
age or arterial puncture [6]. The CDC and the 
Association for Professionals in Infection Control 
and Prevention (APIC) also recommend that surgi-
cal masks be worn when performing spinal injection 
(e.g., myelography) or intracapsular procedures 
(e.g., arthrography) that include injection of material 
or insertion of a catheter [9, 10], as absence of mask 
use has been associated with iatrogenic bacterial 
meningitis and septic arthritis due to oropharyngeal 
microflora, presumably due to cross-contamination 
from respiratory droplets [11, 12].

11.3  Hand Hygiene

Hand hygiene provides the foundation for infec-
tion control. The earliest evidence of this dates 
backs to the 1840s when Semmelweiss and 
Holmes each observed that mortality rates 
decreased significantly when physicians washed 
their hands with antiseptic [13]. Unfortunately 
getting HCWs to perform hand hygiene remains 
a challenge in the modern era. The CDC [14] 
estimates that HCWs wash their hands about half 
the times they should.

The question of why HCWs miss opportunities 
to cleanse their hands is an interesting one. 
Transmission of bacteria is an invisible process, 
so there is no evidence “in the moment” when it 
occurs. Researchers have found that factors influ-
encing compliance with hand hygiene can be 
divided into two categories: motivational factors 
and work environment [15]. Motivational factors 
include the actions of senior medical and nursing 
staff, the amount of self-perceived risk in a given 
patient care situation, the acuity of patient care, 
and the number of cues present to prompt hand 
hygiene. Work environment factors included 
availability of hand hygiene products, organiza-
tional commitment to compliance with hand 
hygiene, and educating HCWs [15]. Skin damage 
as a result of frequent washing has also been cited 
as a deterrent to frequent hand washing [16].

Table 11.1 Standard precautions

Standard precautions
 • Hand hygiene
 • Use of personal protective equipment
 • Cough etiquette
 • Sharps safety
 • Safe injection practices
 • Sterile instruments and devices
 • Clean and disinfected environmental work surfaces
 • Handle laundry carefully

Source: https://www.cdc.gov/infectioncontrol/basics/stan-
dard-precautions.html
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Alcohol-based hand rubs and soap and water 
are the two methods for hand hygiene available in 
the healthcare setting. A surgical scrub is done 
for sterile procedures. Alcohol-based hand rubs 
are the most effective at killing most fungi, 
viruses, and bacteria, including multidrug- 
resistant organisms (MDRO) such as methicillin- 
resistant Staphylococcus aureus (MRSA). These 
products are also less likely to cause skin irrita-
tion [16]. However, alcohol-based hand rubs are 
not the best choice when dealing with spore- 
forming bacteria such as Clostridioides difficile 
(formerly known as Clostridium difficile) and 
certain viruses such as noroviruses [17–19]. 
When performing hand hygiene for patients with 
infections due to alcohol-resistant pathogens or 
when hands are visibly soiled, handwashing with 
soap and water is recommended [18] (Table 11.2). 
For the emerging pathogen Candida auris, the 
CDC recommends adhering to standard guide-
lines (alcohol-based hand rubs unless hands are 
visibly soiled) [18]. As more information 

becomes available about Candida auris new 
guidelines may be developed [20]. Timely and 
effective communication between radiology per-
sonnel, infection prevention personnel, and pri-
mary clinicians that includes information about 
contact precautions needed and the recommended 
method of hand hygiene for a given patient are 
critical for optimal infection control practice in 
radiology departments. 

Some studies show that even when HCWs 
perform hand hygiene, the correct technique 
may not be used. Common shortcomings include 
not cleaning for long enough and not cleaning all 
of the hand’s surfaces (Table  11.3) [19, 21]. 
Alcohol- based hand rub dispensers and sinks for 
soap and water washing need to be readily avail-
able. Lotions compatible with the products used 
should be available to HCWs to prevent avoid-
ance of hand hygiene caused by dermatitis. Nails 
should be no longer than a ¼” and artificial nail 
use is restricted as these have been shown to har-
bor bacteria [22].

Table 11.2 Indications for when to perform hand hygiene and which product to use

Alcohol- based 
sanitizer

Soap and 
water

Surgical 
scrub

Before direct patient contact ✓
After contact with a patient’s intact or non-intact skin, wounds, or 
dressings if patient does not have alcohol- resistant infection (e.g., C. 
difficile, norovirus)

✓

After contact with a patient’s intact or non-intact skin, wounds, or 
dressings if patient with alcohol-resistant infection (e.g., C. difficile, 
norovirus)

✓

After removing gloves if patient does not have alcohol-resistant infection 
(e.g., C. difficile, norovirus)

✓

After removing gloves if patient with alcohol- resistant infection (e.g., C. 
difficile, norovirus)

✓

After touching items in the patient’s environment, even if there was not 
contact with the patient if patient does not have alcohol- resistant infection 
(e.g., C. difficile, norovirus)

✓

After touching items in the patient’s environment, even if there was not 
contact with the patient if patient with alcohol-resistant infection (e.g., C. 
difficile, norovirus)

✓

Prior to placing peripheral vascular catheters, indwelling urinary catheters, 
or any invasive device not requiring surgery

✓

Hands are visibly dirty ✓
Before invasive procedures requiring surgery (e.g., tunneled line 
placement)

✓

During patient care if moving from a contaminated body site to a clean 
body site

✓

Source: https://www.cdc.gov/mmwr/PDF/rr/rr5116.pdf
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The World Health Organization (WHO) has a 
wealth of slide set presentations, posters, and 
other teaching material available to assist in 
 educating HCWs [23]. Another technique to edu-
cate staff about hand hygiene utilizes fluorescent 
gel products that mimic the way bacteria spread 
between healthcare workers’ hands to patients or 
surfaces [24]. The fluorescent gel product is 
applied to hands and then the participants are led 
through different exercises such as shaking hands 
and handling equipment. A black light is used to 
illuminate fluorescent residue (representing 
“germs”) on surfaces and hands. This exercise 
provides a powerful visual demonstration of how 
easy it is to spread organisms from dirty hands.

Observational audits are the most common 
way of measuring compliance with hand hygiene 
[16, 19]. HCWs are observed to see if they per-
form hand hygiene when entering or exiting a 
patient room, as proxy measures of hand hygiene 
opportunities before or after touching a patient 
and/or their surroundings, respectively. The 
audits can be performed by infection prevention-
ists or by unit personnel. The advantage to this 
method is that the quality of hand hygiene can be 
assessed as well. The main disadvantage is that 
staff may be aware that they are being audited 
and this can skew the results. Change in behavior 
due to an awareness of being observed is termed 
the Hawthorne effect [25]. Another important 
limitation of observational audits performed out-
side a patient room is that opportunities for hand 
hygiene that occur in the room during patient 
care may not be assessed. Examples include 
before performing a clean or aseptic procedure or 
after a potential body fluid exposure. Hand 
hygiene compliance can be posted on units and 
used as educational and quality improvement 

tools. Sample audit tool templates are available 
on the WHO website [23].

Recently electronic monitoring devices have 
been brought to market as an alternative to tradi-
tional, observer-based auditing programs. These 
technologies have the potential to measure com-
pliance with hand hygiene opportunities that 
occur throughout the workday, including nights, 
weekends, holidays, and other times that are 
challenging to audit using traditional methods. 
Moreover, these products have the ability to 
markedly increase the frequency of audits with-
out the expense of personnel to perform manual 
audits. Finally, these systems also may have an 
advantage of minimizing the Hawthorn effect. 
However, installation of these devices is expen-
sive and may be tied to certain products, making 
it difficult for organizations to switch products 
[16]. Some studies have also reported that HCWs 
and patients may not regard the technology posi-
tively, and it remains to be determined whether 
these systems improve hand hygiene compliance 
or help reduce HAIs [26, 27]. A final option to 
assess hand hygiene is measuring product usage. 
Although this method doesn’t provide any data 
on how well the hand hygiene was performed, it 
has been more accurately associated with HAI 
trends than observational audits and is less time- 
consuming [16].

11.4  Environmental Cleaning 
and Disinfection

It has been well established that patients can 
acquire infections from the hospital environment 
[28, 29]. Organisms such as MRSA, vancomycin- 
resistant Enterococcus (VRE), and C. difficile can 

Table 11.3 Correct techniques for hand hygiene methods

Type of hand hygiene Correct technique
Alcohol- based hand rub  • Apply to palm of one hand, rub hands together covering all surfaces until dry

 • Volume: Based on manufacturer (usually about 3 mls)
Surgical scrub  • Use either an antimicrobial soap or alcohol-based hand rub

 •  Antimicrobial soap: Scrub hands and forearms for length of time recommended by 
manufacturer

 •  Alcohol-based hand rub: Follow manufacturer’s recommendations. Before applying, 
pre-wash hands and forearms with non-antimicrobial soap

Source: https://www.cdc.gov/mmwr/PDF/rr/rr5116.pdf
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remain viable on surfaces for days to months [28, 
30]. Items that come into physical contact with 
patients need to be either disinfected or sterilized 
based on their use (Table  11.4). All equipment 
cleaning should take into account the manufactur-
er’s instructions. This chapter will include low-
level disinfection only as it applies to all areas of 
radiology. It should be noted that ultrasound probes 
that contact body cavities and non-intact skin 
require high-level disinfection, even when a sterile 
sleeve is used to cover the probe. This includes 
probes used for ultrasound guided punctures. For 
more information on sterilization and high-level 
disinfection, please refer to CDC guidelines.

Equipment and surfaces in radiology rooms 
need disinfection in between patients. This 
includes mattresses, control panels, tables, carts, 
positioning devices, and pillows. For interven-
tional cases, planning ahead to have necessary 
devices, wires, and equipment on hand helps to 
prevent frequent room entry and exit and thereby 
avoids contaminating items unnecessarily. Items 
such as radiographic markers and lead aprons may 
be overlooked. Cleaning protocols for these items 
should be understood and practiced by HCWs, 
including clinicians and environmental service 
personnel [31, 32]. Use of keyboards and comput-
ers in radiology for documentation in electronic 
medical records is now commonplace. These 
items should be included in room turnovers [33].

Knowing how to use disinfectants is essential 
knowledge for radiology teams. Chlorine-based 
products, quaternary ammonium compounds, or 
phenolics are examples of liquids used for low- 
level disinfection [28]. These products are usu-
ally packaged as wipes. The manufacturer of 
each product will have a contact time listed on 
the packaging to instruct how long the liquid 
must remain in contact with the surface in order 
for successful disinfection to occur. Chlorine- 
based products are often used for point-of-care 
cleaning in areas occupied by patients with C. 
difficile or other pathogens intrinsically resistant 
to quaternary ammonium disinfectants, such as 
non-enveloped viruses (e.g., norovirus). HCWs 
should be well acquainted with different products 
available to them and be aware of the contact 
time for each product. HCWs should also be edu-
cated to make sure lids on wipe canisters are shut 
to avoid drying them out. Environmental clean-
ing staff play an integral role in patient safety and 
should be acknowledged for their work.

No-touch decontamination of patient care 
areas is a more recent development in environ-
mental cleaning. Ultraviolet light or hydrogen 
peroxide mist can be used as an adjunct to regular 
cleaning for patients with C. difficile, MRSA, or 
other resistant infections. The devices are pro-
grammed according to the size of the room and 
have proven effective in eliminating pathogenic 

Table 11.4 Classification system for disinfection and sterilization

Classification Definition Examples Type of disinfection needed
Critical Enter sterile tissue or 

vascular system
Surgical instruments
Implants
Cardiac and urinary 
catheters
Ultrasound probes used 
in sterile body cavities

Sterilization with steam—Destroys all 
organisms including bacterial spores.
Implants and catheters should be bought 
packaged sterilely.

Semicritical Contacts mucous 
membranes or non-intact 
skin

Endoscopes
Laryngoscope blades
Cystoscopes
Respiratory therapy and 
anesthesia equipment

High level disinfection—Destroys all 
organisms except some bacterial spores

Noncritical Contacts intact skin (but 
not mucous membranes)

Blood pressure cuffs
Pulse oximeter probes
Bedside tables

Low level disinfection—Destroys vegetative 
bacteria, some fungi, some viruses but not 
mycobacteria or spores

Source: Adapted from Rutala WA, Weber DJ. Disinfection and sterilization: An overview. Am J Infect Control 2013; 
41(5, Supplement): S2–S5
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bacteria from the environment. However, since 
these technologies are expensive and can take sev-
eral hours to complete, they are not a viable option 
for routine room turnovers but can be considered 
for terminal cleaning at the end of the day [28].

Surfaces can appear perfectly clean but still 
harbor pathogenic organisms. How do we know 
that surfaces are truly disinfected? How can we 
quantify cleanliness? ATP (adenosine triphos-
phate) bioluminescence testing was developed in 
the food industry and is now used in the health-
care environment [34]. ATP identifies organic 
material on surfaces although it does not specifi-
cally identify what organic material is present. A 
commercial swab is used on surfaces to be tested 
and the swab is placed in a machine (luminome-
ter) which detects the presence of ATP (Fig. 11.1). 
ATP is the energy source for all organic materials 
and remains stable in the environment over time, 
making this a reliable indicator of cleanliness 
[35]. Different brands of luminometers have dif-
ferent ranges for cleanliness thresholds. Results 
can be posted in a graph format and discussed 
with staff (Fig. 11.2). Fluorescent gels, discussed 

Fig. 11.1 Sample ATP luminometer (photo credit: 
Caroline McDaniel)
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earlier, can also be used to audit cleaning prac-
tices between room turnovers. The CDC provides 
guidance on what surfaces should be tested in 
patient care areas [36].

11.5  Transmission-Based 
Isolation Precautions

Transmission-based precautions are used for any 
communicable disease. Multidrug-resistant 
organisms (MDROs) have been on the rise all 
over the world. These organisms cause infections 
that can be difficult and potentially impossible to 
treat. Although identifying these patients is 
important so that staff can practice the appropri-
ate precautions, it is important to remember that 
patients may not yet be identified as having been 
colonized or infected with an MDRO; conse-
quently, standard precautions should always be 
used to protect both patients and staff. There 
should be clear communication about isolation 
precautions needed for patients traveling to the 
radiology setting. Patients undergoing proce-
dures should also be clearly identified while in 
the radiology suite to avoid an accidental break in 
precautions. Posting signs on doorways can alert 
staff that isolation precautions apply and make 
clear the preferred method of hand hygiene.

Modes of transmission are contact (direct or 
indirect), droplets, or airborne (Table 11.5). Some 

diseases can be transmitted in more than one way. 
Airborne isolation requires not only the use of 
PPE, but also a special air handling system to pre-
vent infectious respiratory particles from travel-
ing to other areas of the hospital [37]. For patients 
requiring airborne isolation their case should be 
delayed until treatment has been completed if 
this does not pose a threat to the patient. If the 
case cannot be delayed, a negative pressure room 
should be used. High-efficiency particulate air 
(HEPA) filters do not take the place of negative 
pressure rooms but are sometimes used to miti-
gate the risk in  locations without negative pres-
sure [38]. Some organizations try to schedule 
isolation cases at the end of the day. The number 
of patients on isolation precautions is on the rise, 
so this may not always be a practical strategy.

11.6  Surgical Attire

The use of surgical scrubs in the operating room 
dates back to the 1930s and 1940s. Prior to this, 
street clothing was covered by a sterile gown [3]. 
The purpose of specialized surgical garments is 
twofold: prevention of surgical site infection 
from extra procedural bacteria and reduction in 
contamination of clothing worn outside the surgi-
cal suite [3, 5, 6]. As recently as 2008, many 
interventional radiology departments did not 
require scrub attire in the procedural suite [4]. 

Table 11.5 Methods of transmission of infectious diseases

Mode of 
transmission Definition Precautions needed Example
Contact 
(direct)

Microorganisms are transferred from infected 
person to another without an intermediate 
object or person

Gown and gloves MRSA
VRE
C. difficile

Contact 
(indirect)

Transmission occurs from a contaminated 
object or person (surfaces, toys, etc.)

Gown and gloves MRSA
VRE
C. difficile

Droplet Respiratory droplets travel from infected 
person to mucous membranes of another 
person, usually over short distances (3–6 feet)

Mask Pertussis
Influenza virus
Rhinovirus

Airborne Respiratory particles are carried over long 
distances and is inhaled by a susceptible person

Particulate respirators (N95 
masks) OR powered air 
purifying respirators (PAPRs)
Negative pressure rooms

Mycobacterium 
tuberculosis
Measles
Varicella zoster 
(chicken pox)

Source: https://www.cdc.gov/infectioncontrol/basics/transmission-based-precautions.html
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This practice is changing, as the IR suite more 
closely resembles an operating suite in terms of 
infection prevention practices and with the advent 
of hybrid interventional/OR rooms. Indeed, this 
is the recommendation of the Society of 
Interventional Radiology (SIR), the Association 
of perioperative Registered Nurses (AORN), and 
the Association for Radiologic and Imaging 
Nursing (ARIN) [6]. Hospitals should provide 
and launder specific garb for wearing in surgical 
suites; this garb is not to be worn outside the hos-
pital or laundered at home. Some hospitals iden-
tify these scrubs with a distinctive color.

Maximum barrier precautions are recom-
mended when performing any sterile procedure 
such as thoracentesis, central line insertion, or 
percutaneous endovascular aneurysm repair. This 
includes the use of hats and masks, sterile gowns, 
sterile gloves, and full sterile draping of the 
patient. Sterile gloves and masks should be worn 
during joint injection or lumbar punctures as oral 
flora can cause septic arthritis and other infec-
tions [12]. There is little data currently to support 
the use of shoe covers as an infection prevention 
tool; shoe covers are recommended to prevent 
splash contamination for shoes that will be worn 
outside of a procedure area [6]. Traffic in the 
room during the procedure should be minimized, 
and others in the room should also be wearing 
hats and masks [6].

11.7  Preparing the Patient’s Skin

The patient’s skin provides a natural barrier to 
infection. Skin preparation is done with an antimi-
crobial agent for invasive procedures. If necessary, 
hair removal should be done with clippers prior to 
applying the antimicrobial agent. Chlorhexidine 
gluconate is most commonly used because of its 
broad range of antimicrobial activity, ease of 
application, and proven efficacy in preventing sur-
gical site infections [6]. If the patient has an allergy 
to chlorhexidine gluconate, other agents, such as 
povidone-iodine, can be used as a substitute.

11.8  Antibiotic Prophylaxis

The Society of Interventional Radiology (SIR) 
separates procedures performed in the interven-
tional radiology area into categories from clean 
(such as diagnostic arteriogram) to dirty (such as 
abscess drainage or placement of gastrostomy 
tubes). Recommendations for antibiotic prophy-
laxis from the SIR continue to evolve as new data 
becomes available. The accompanying table is 
accurate as of 2018 (Table 11.6). While antibiotics 
are no longer recommended for most procedures, 
pre- procedural antimicrobial prophylaxis still has 
a place in management. Prolonged antibiotic ther-
apy is no longer recommended. Procedures listed 

Table 11.6 Recommendations for antibiotic prophylaxis

Procedure type Potential organisms Suggested antibiotic Comments
Dirty procedures
Abscess drainage Polymicrobial Single agent regimen for 

intra-abdominal sources; 
piperacillin/tazobactam, 
meropenem, imipenem

Only needed if patient not 
already on antibiotics

Percutaneous transhepatic 
biliary drain or 
cholecystostomy tube 
placement

Enterococcus, Candida, 
Viridans streptococci, E. 
coli, Klebsiella

Ceftriaxone, ampicillin/
sulbactam, gentamicin

Vancomycin or 
clindamycin for penicillin 
allergic patients

Percutaneous nephrostomy 
tube

E. coli, Proteus, 
Klebsiella, Enterococcus

Ceftriaxone, ampicillin/
sulbactam; gentamicin

Patients with indwelling 
catheters or ureteroileal 
anastomoses at higher risk

Clean, clean 
contaminated procedures
Gastrostomy tube 
placement

S. aureus, S. epidermidis 
(oropharyngeal flora for 
pull type)

Cefazolin Oral cephalexin or 
clindamycin for 5 days for 
pull type placement
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in the table are the only procedures for which anti-
biotic prophylaxis is recommended. Prophylaxis 
for routine angiography, closure device deploy-
ment, routine biopsy (except transrectal biopsy), 
radioembolization, and fistulography is no longer 
recommended [39]. Timing of the administration 
of any antibiotic should be per current guidelines 
and institutional policy.

11.9  Summary

The modern-day radiology suite typically sees a 
large volume of patients ranging from the ambu-
latory to the critically ill. This is a likely environ-
ment for the potential transmission of pathogenic 

organisms. Factors that play a role in decreasing 
the occurrence of HAIs in radiology include 
 having clear infection prevention and control 
guidelines and easy access to disinfectants, alco-
hol hand rubs, sinks, and PPE. On the organiza-
tional level, having senior clinicians demonstrate 
best practices and promoting a culture of team-
work creates an environment that emphasizes 
safety for both patients and HCWs. Advanced 
practice nurses can partner with infection preven-
tionists and hospital epidemiologists, as well as 
other clinicians and administration to provide 
leadership regarding implementation of 
 guidelines from the CDC, the Association for 
Radiologic and Imaging Nursing (ARIN), and 
SIR and have these embraced by staff.

Procedure type Potential organisms Suggested antibiotic Comments
Transjugular intrahepatic 
Portosystemic shunt (TIPS)

S. aureus, Enterococcus, 
E. coli, Klebsiella, 
Lactobacillus, Gemella 
morbillorum, 
Acinetobacter

Ceftriaxone; ampicillin/
sulbactam

Vancomycin or 
clindamycin for penicillin 
allergic patients

Tumor ablation S. aureus, S. epidermidis,  
E. coli, clostridium, 
Enterococcus

Cefazolin, ceftriaxone 5–14 days of ciprofloxacin 
or levofloxacin with 
metronidazole when 
sphincter of Oddi is 
compromised.

Vascular malformation S. aureus, S. epidermidis Cefazolin, clindamycin for 
oral lesions

Tunneled dialysis catheters S. aureus, S. epidermidis Cefazolin Vancomycin for penicillin 
allergic patients

Partial splenic 
embolization

Streptococci, 
Staphylococcus

Gentamicin, cefoxitin 
“soaking of embolic spheres 
with 1,000,000 U penicillin 
and 40 mg gentamicin also 
recommended)

If 70% of spleen expected 
to be embolized, continue 
antibiotics for 5–7 days 
after

Hepatic embolization and
Chemoembolization

S. aureus, S. epidermidis, 
enteric flora and 
anaerobes

Ampicillin/sulbactam; 
Cefazolin and metronidazole; 
ampicillin and gentamicin

Continue antibiotics for a 
total of 20 days, starting 
3 days prior to procedure 
when sphincter of Oddi 
compromised

Uterine artery embolization S. aureus, S. epidermidis, 
streptococcus, E. coli, 
vaginal flora

Cefazolin, clindamycin One week doxycycline 
following if Hydrosalpinx 
present

Arterial endografts S. aureus, S. epidermidis Cefazolin Vancomycin if penicillin 
allergic

Source: JVascIntervRadiol 2018; 29:1483-1501 https://doi.org/10.1016/j.jvir.2018.06.007

Table 11.6 (continued)
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Radiation Safety Considerations 
in Interventional Fluoroscopy

Michael C. Talmadge

12.1  Introduction

Interventional fluoroscopy presents special radia-
tion safety concerns for both patients and staff due 
to the potential for exposure to ionizing radiation 
in the form of X-rays [1]. While a patient undergo-
ing a fluoroscopic procedure is exposed at a much 
higher level than the attending staff due to the 
nature of radiological imaging, the radiation expo-
sure to the staff must be viewed from a different 
perspective that takes into account the repetitive 
nature of this occupational hazard to a presumably 
healthy working population. Additionally, the 
exposure to the patient is counterbalanced by the 
medical benefit or necessity of the procedure 
whereas the rationale for the exposure to the staff 
is much simpler in that it should be minimized as 
much as practically possible. Although occupa-
tional radiation exposure in many countries is spe-
cifically limited by regulation and/or international 
standards, many health care professionals that are 
involved in interventional fluoroscopic services 
are not necessarily exposed at such a level that 
they are likely to approach these limits. Therefore, 
it is prudent to continually examine and act on 
measures, within reason, to minimize the exposure 
of staff in the interventional suite.

12.2  Radiation Health

Ionizing radiation is often conceptualized as 
“energy moving through space” and in some 
respects behaves similarly to visible light; how-
ever, ionizing radiation is classified as such 
because it has enough energy to remove electrons 
that are bound to an atom, thus ionizing the atom. 
This property is unique to ionizing radiation and 
is significant because of the way in which it can 
produce chemical changes in a material, which, 
in turn, can produce unique biological effects. 
While most of our knowledge of ionizing radia-
tion came about during the last century roughly, 
our environment has exposed us to it throughout 
our existence in the form of naturally occurring 
radiation originating from the earth, atmosphere, 
and outer space. With this perspective it is per-
haps fair to say that exposure to ionizing radia-
tion is not an entirely foreign or unnatural 
occurrence as it has always been an unavoidable 
condition. Nevertheless the hazards presented by 
ionizing radiation became evident soon after it 
was discovered because humans began to find 
ways to produce sources of ionizing radiation 
that could result in substantially more exposure 
to those nearby than the naturally occurring 
sources. This is noteworthy as it underscores a 
fundamental concept that applies to the biologi-
cal effects from ionizing radiation as it does may 
substances: the magnitude of the exposure is the 
key determinant in terms of potential for harm.
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The health effects associated with exposure to 
ionizing radiation have been studied extensively. 
At very high levels, such as those a patient could 
potentially experience while undergoing inter-
ventional fluoroscopy, ionizing radiation can pro-
duce clinically observable affects that are largely 
unique to ionizing radiation, such as skin injuries 
among many others. At such levels, there are 
fairly well-defined thresholds at which these 
injuries or effects have been observed, and gener-
ally once that threshold is exceeded the severity 
of the affect worsens with the magnitude of the 
exposure (deterministic effect). At lower levels of 
exposure, such as those that a properly protected 
health care worker might experience, these types 
of effects do not occur. However, because ioniz-
ing radiation can damage cellular DNA, it can 
also increase the occurrence of cancers and 
genetic effects within a population that is 
exposed. Genetic effects, meaning those that are 
observed in the offspring of an exposed individ-
ual, have not been observed in human popula-
tions, whereas an increased occurrence of cancer 
has been clearly seen in populations that have 
been exposed to significant levels of ionizing 
radiation, such as survivors from the use of 
atomic weapons in Japan in 1945.

At high levels, it is well-established science 
that exposure to ionizing radiation increases the 
occurrence of cancer within a population in a pro-
portional fashion (stochastic effect). At lower lev-
els, such as those permitted occupationally in the 
United States, the relationship between radiation 
exposure and cancer risk is not as well understood 
because the cancer risk at these levels is, if it 
exists, so small that it is very difficult to observe 
statistically. This knowledge gap is, however, not 
for lack of trying but instead a consequence of the 
fact that cancer is a relatively common disease 
within the general population and there is no 
definitive way to discriminate radiation-induced 
cancers from all cancer occurrences aside from 
statistical methods. While this area continues to 
be studied, it is clear that low levels of radiation 
exposure, such as those considered acceptable in 
an occupational setting, pose a very small risk if at 
all. As a matter of course, radiation protection 
standards have largely been developed assuming 

that this risk, however small, does exist and it 
therefore follows that good radiation safety prac-
tices must always seek to reduce exposure in the 
workplace to the lowest levels that are reasonably 
achievable. In the United States, this is codified 
into regulatory standards and it is often referred to 
using the acronym ALARA (as low as reasonably 
achievable).

Radiation exposure is quantified in terms of 
absorbed dose which is a measure of energy 
deposition in a material by ionizing radiation. 
When X-rays, for example, pass through the 
body during imaging, some of the individual 
X-rays interact with the material they encounter 
while others do not. These interactions tend to 
lead to a transfer of energy from the radiation to 
the material and often produce ionization while 
deflecting or stopping the individual X-ray. 
Absorbed dose is the basis for measuring radia-
tion exposure as the energy deposition is associ-
ated with the amount of ionization that occurs 
which is the primary mechanism by which ion-
izing radiation affects material.

12.3  Principles of Fluoroscopy

Fluoroscopy is essentially on-demand X-ray 
imaging that is typically operated by or at the 
direction of the proceduralist and used for real- 
time image guidance and evaluation. A fluoros-
copy system is usually operated by a button or 
foot pedal such that when the controlling mecha-
nism is depressed X-rays are being generated 
continuously to provide real-time imaging. When 
the system is imaging, a beam of X-rays is emit-
ted from the X-ray tube. The beam passes through 
the patient and is received by the image receptor 
in the form of a cylindrical image intensifier or, 
on later equipment, a flat panel detector. The 
beam of X-rays comprises a very large number of 
individual X-rays some of which are stopped 
within the patient and others pass through and 
make it to the image receptor. The type of tissue 
or material encountered by an X-ray as it passes 
through the body influences the probability that 
the X-ray will be stopped. The resulting image 
results from the variable attenuation of X-rays 
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which is dependent on the patient’s anatomy. 
Additionally, contrast can be introduced into the 
bloodstream, gastrointestinal tract, or cavity in 
order to allow for improved visualization or to 
evaluate flow.

There are many operating parameters that a 
fluoroscopy user can modulate that affect both 
the image quality and radiation exposure to the 
patient and the attending staff. The diligent fluo-
roscopy operator must be judicious to provide the 
necessary imaging for the procedure at-hand 
while minimizing the radiation dose to the patient 
and staff. There are many strategies and tech-
niques that can be used to achieve this; however, 
the most important factor is generally the amount 
of the time the X-ray beam is on during a given 
procedure as this relates directly to the quantity 
of X-rays produced and the potential for the dose 
to the patient and staff.

Modern fluoroscopy systems make use of 
automation to help the operator achieve an appro-
priate balance between image quality and radia-
tion dose. One very common feature that is widely 
used is referred to as “automatic brightness con-
trol.” This feature essentially adjusts the X-ray 
output in an attempt to provide a given level of 
image brightness. In practice, this feature will 
increase the X-ray output if the X-ray beam is 
required to traverse more tissue or denser materi-
als, such as bone or metal implants. While this is 
a very useful feature in practice, it is important to 
understand how it works because if any unneeded 
material is introduced into the X-ray beam, such 
as a shield, instrument, or even the patient’s arm, 
the X-ray tube output will increase as it attempts 
to maintain comparable imaging. For this reason, 
shielding, leaded gloves, or aprons, for instance, 
should never be placed into the X-ray beam when 
such automatic controls are enabled. It is also 
important to recognize that the patient habitus 
will affect the radiation output of the fluoroscopy 
system in the same way; a larger habitus will 
require a more intense beam of X-rays with pos-
sibly a higher average energy to form a useful 
image. In turn, this will elevate the radiation expo-
sure potential posed by the scattered X-rays.

If there is nothing in between the X-ray tube 
and image receptor, then the beam of X-rays is 
largely unchanged as it traverses the intervening 

air; however, when a patient is present, many of 
the X-rays interact within the patient such that 
they are deflected off course. This is referred to as 
scatter and scattered X-rays are generally the pri-
mary source of radiation exposure to staff in a flu-
oroscopy suite. These scattered X-rays effectively 
originate from the part of the patient being imaged 
as this is where the X-rays are deflected from their 
original course. When an X-ray is scattered, it 
could be deflected any way, but with the type of 
X-rays used in medical imaging it is most likely 
that the X-rays are backscattered, meaning that 
they are deflected by more than 90° such that they 
are heading back toward the X-ray tube roughly. 
This results in higher rates of exposure for anyone 
that is located near the part of the patient at which 
the X-ray beam is entering the patient.

Many fluoroscopy systems can also be set up 
to operate to perform high-intensity imaging in a 
pre-programmed fashion in which many images 
are created and recorded in rapid succession. This 
is often times done in conjunction with intrave-
nous contrast and is referred to as “cine.” Some 
fluoroscopy systems also can perform a type of 
three-dimensional image comparable to a com-
puted tomography (CT) scan. It should be noted 
that when a fluoroscopy system is used in this way 
it has the potential to produce significantly higher 
X-ray output than is used during normal opera-
tion. For this reason, staff should exit the suite or 
be in shielded location whenever possible when 
the fluoroscopy system is used in this way.

12.4  Radiation Protection

Fluoroscopic procedures generally represent one 
of the greatest sources of occupational exposure 
in the health care setting in terms of both the 
number of staff that may be present during use 
and the potential for exposure to individual mem-
bers of the staff.

12.4.1  Time

Certain procedural areas such as interventional 
cardiology and interventional radiology often 
employ much greater use of the fluoroscopic 
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techniques and it follows that these areas are 
often associated with higher levels of staff expo-
sure than those that may use fluoroscopy on a 
more limited basis, such as orthopedics or 
urology.

12.4.2  Distance

Typically, the practitioner performing a fluoro-
scopically guided procedure (and possibly an 
assistant) has the greatest exposure potential 
largely due to their need to be near the patient 
while the imaging is being performed whereas 
much of the staff is further afield during imaging 
and thereby is exposed at a markedly lower level. 
This trend underscores one of the primary means 
in which staff can minimize their exposure dur-
ing fluoroscopy: by increasing the distance 
between themselves and the part of the patient 
that is being imaged (the source of scattered radi-
ation). This technique is particularly effective 
due to the fact that the rate at which one would be 
exposed during fluoroscopy tends to be highly 
dependent on the distance from the radiation 
source. This can be approximated by applying 
what is commonly referred to as the inverse 
square law, which essentially relates the rate of 
exposure to the inverse of the square of the dis-
tance from the source. Practically this means that 
if you double the distance between yourself and 
the source of radiation, you reduce the rate at 
which you are being exposed when the beam is 
on by approximately 75%. For this reason, dis-
tance can play a significant role in reducing one’s 
exposure and while one may not be able to remain 
stationary throughout a procedure there should 
be an ongoing awareness of this such that one can 
back away from the patient when possible during 
imaging.

12.4.3  Shielding

The use of shielding is the other primary means 
of protection in the fluoroscopy suite. Due to the 
fact that the X-rays used for imaging are rela-
tively low in energy, it is relatively easy to make 

use of shielding materials that can be readily 
worn or positioned. Historically, lead was the 
most widely used material for this purpose; how-
ever, in many applications lead has been replaced 
by other materials. Regardless, protective apparel 
and equipment is generally rated in terms of lead 
equivalent thicknesses, meaning that the item in 
question provides shielding equal to that of a 
given thickness of lead. Only 0.5 mm of lead or 
lead equivalence will generally attenuate at least 
90% of the X-rays that attempt to pass through it, 
which in turn reduces the exposure roughly ten-
fold. For this reason, protective apparel in addi-
tion to mobile shields, such as those on wheels or 
adjustable screens mounted to the ceiling, can be 
used to great effect in the fluoroscopy suite. Many 
of these devices are transparent as well and can 
be easily moved and positioned within the suite.

It is generally a good practice to ensure that all 
staff in the fluoroscopy suite are wearing protec-
tive apparel in the form of one- or two-piece 
aprons of 0.5  mm lead equivalence that is 
designed to provide coverage from above the 
knee to the shoulders. While the added weight of 
such apparel is certainly not negligible, it is gen-
erally not overly burdensome for staff. Thyroid 
collars are also often used to extend the protec-
tion of the apron though not necessarily required 
to the same extent. Proceduralists and perhaps 
other dedicated staff may have their own fitted 
apparel whereas circulating staff or those that are 
only involved in fluoroscopic work occasionally 
may use shared apparel. Protective apparel can 
degrade with time and use and will become dam-
aged if it is not stored properly on hangers. As 
such, apparel is typically checked on a routine 
basis such as yearly, which is typically performed 
by fluoroscopically imaging the apparel to look 
for cracks, holes, or shifting in the shielding 
material.

Beyond such protective apparel, there are a 
variety of shields that can be used as well, though 
these are generally seen as a supplement to the 
use of apparel. Most shields that are in use now 
tend to be transparent and come either on wheels 
or are ceiling mounted on adjustable arms. The 
latter type tends to be designed such that the 
shield can be positioned right up against the 
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patient so that it is in between the part of the 
patient being imaged and the proceduralist (who 
is generally the closest member of the staff). The 
advantage to employing these shields, in addition 
to supplementing the protection afforded by the 
apparel, is that they can provide shielding to parts 
of the body that are not protected by an apron.

12.4.4  Cataracts

The eye lens is radiosensitive and the formation 
of cataracts in the lens of the eye is known to be 
influenced by exposure to ionizing radiation. 
This has fueled concern and even serious debate 
over lowering occupational exposure limits as 
they apply to the lens of the eye. The International 
Commission on Radiological Protection (ICRP) 
publishes recommended dose limits to the eye 
lens and in 2011 recommended a substantially 
lower dose limit than previously recommended 
[2]. While these recommendations have not been 
uniformly adopted by regulatory agencies world-
wide at this time, there is reason to consider 
increasing radiation protection efforts as they 
pertain to radiation exposure to the eyes. In 
response, the use of protective eyewear has 
become more prevalent in interventional fluoros-
copy with some regulatory bodies making them a 
requirement for certain staff. This eyewear is 
typically of 0.75 mm lead equivalence which has 
been shown to provide a substantial reduction in 
the exposure to the lens of the eye. Many styles 
and frames including prescriptions as well as 
larger framed models that can fit over prescrip-
tion glasses have become available. Proceduralists 
that perform extensive interventional fluoroscopy 
may be well advised to have a pair of their own 
whereas the use of such eyewear among other 
members of the staff may be more discretionary 
based on the level of exposure.

12.4.5  Pregnancy and Radiation 
Protection

Pregnancy among staff often heightens radiation 
protection concerns and rightly so as the develop-

ing fetus is known to be at increased sensitivity to 
radiation exposure. In the United States, a preg-
nant worker has the option to formally declare a 
pregnancy for radiation protection purposes 
which then requires the employer to observe fetal 
dose limit of 5 mSv, which in most cases effec-
tively reduces the mother’s allowable occupa-
tional dose limit tenfold during the pregnancy. As 
such, it is possible for some staff, such as an inter-
ventionalist, that this may require a change in 
work assignments or case load; however, for 
many no significant changes are needed as their 
exposure is already well within the fetal dose lim-
itations. Staff should be aware of their rights as 
they pertain to pregnancies as well as any appli-
cable institutional policies but should also be 
encouraged to consult with the facilities radiation 
safety officer (RSO) on a confidential basis in 
relation to radiation safety during a pregnancy.

It is not uncommon for a pregnant staff mem-
ber to consider wearing a second protective apron 
during pregnancy. While this can be done it is 
worth bearing in mind that the use of second 
apron only provides a fraction of the protection 
afforded by a single apron since it is likely that 
90% or more of the incoming X-rays that could 
contribute to fetal dose would be removed by a 
single apron assuming 0.5 mm lead equivalence. 
Therefore, the second apron comes at the expense 
of additional weight while providing diminished 
protective benefit.

12.4.6  Radiation Exposure 
Measurement

Radiation exposure or dose is generally measured 
using a dosimeter which is a monitoring device 
worn by individual working in a radiation envi-
ronment. There are several forms of monitoring, 
which are often referred to as badges, ranging 
from radiation-sensitive materials to electronic 
devices that record and transmit exposure infor-
mation wirelessly. Generally, these monitors are 
fairly unobtrusive to wear and are managed by 
the facilities RSO, although the consistent wear-
ing and exchange practices are necessary in order 
to provide accurate and timely exposure informa-
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tion. In the United States there are regulatory 
requirements that define when an employer must 
provide radiation monitoring to employees based 
in part on exposure levels that individual workers 
could be expected to receive. In a typical hospital 
setting many employees that work with or near 
sources of ionizing radiation, such as fluoro-
scopic systems, do not meet the regulatory 
threshold at which monitoring is required; how-
ever, it is not uncommon for many of these work-
ers to be monitored such that a conservative 
approach to radiation monitoring exists, which 
not only monitors the individual employees but 
also monitors the overall radiation profile of the 
workplace. The disadvantage to this approach 
though, which should be noted, is that it can be 
difficult to manage, and rather than focusing the 
monitoring program on those that have a higher 
potential for exposure, a much wider net is cast 
that likely includes staff that receive little to no 
substantial radiation exposure. Balancing these 
trade-offs is an important consideration in a large 
monitoring program, and in the author’s experi-
ence a two-tiered approach to staff monitoring 
can be a good option as it allows for a broad mon-
itoring program while intentionally directing 
oversight and management energy to a subset of 
the monitored staff who are likely to incur more 
occupational exposure.

For the individual staff member, one of the 
most important practices when it comes to radia-
tion monitoring is the placement of the monitor 
or badge on the body. There are different 
approaches that can be used here but it is vital 
that the facilities radiation safety program pro-
vide staff with clear instructions as to how moni-
tors should be worn. At a minimum, staff involved 
in fluoroscopy (if they are monitored) should 
wear a dosimeter outside all protective apparel 
generally between the waist and collar. This 
allows the dosimeter to measure the exposure to 
unprotected parts of the body such as uncovered 
skin of the face and extremities as well the eyes. 
At times a second dosimeter is also worn under 
the protective apparel which allows for the use a 
weighted-sum between the two badges to esti-
mate the dose to organs and tissues deep within 
the body. A second dosimeter under the protec-
tive apparel is often used in the case of a preg-

nancy as well to provide a more meaningful 
measure of fetal exposure.

12.4.7  Measuring and Reporting 
Patient Radiation Dose

There are multiple ways in which the exposure to 
a patient that has undergone fluoroscopy can be 
described or quantified. Generally, these efforts 
are aimed at providing an estimate of the dose to 
the skin through which the X-ray beam enters the 
patient because this tissue typically receives the 
most exposure and is at the highest risk for injury 
during a procedure that requires high levels of 
fluoroscopic output. Estimating the dose to the 
skin, though readily achievable, is not entirely 
straightforward but the greater problem lies in 
identifying the parts of the skin that were exposed 
during a fluoroscopy procedure as these are areas 
on the skin that one may attempt to avoid re- 
exposing during a subsequent procedure. At a 
minimum, modern fluoroscopy systems record 
both “fluoro time” which captures the amount of 
time in which the X-ray beam was on and an “air 
kerma” value given in units of absorbed dose 
(often mGy) which is used as a surrogate for the 
dose to the skin at the beam entry point. These, as 
well as details pertaining to the procedure itself 
and the equipment used, can be used to describe 
the radiation exposure that the patient received. 
Additionally, many regulatory and accreditation 
agencies and institutions have implemented 
reporting and follow-up thresholds for fluoros-
copy dose. The radiation safety officer (RSO) or a 
medical physicist should be able to advise staff on 
the institutional policies and procedures regarding 
dose thresholds and their implementation.

In recent years, there has been efforts to 
develop methods and systems to quantify and 
document radiation exposure to patients from 
medical procedures such that an individual’s 
medical radiation exposure can be tracked inter-
nally as well as between multiple facilities. While 
no one system has been widely implemented to 
facilitate this on a large scale in the United States, 
many institutions have implemented systems to 
accomplish this within their own facilities with 
the intention of reducing medical exposure by 
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avoiding unnecessary or duplicate procedures 
and improving accountability [3]. Discussion of 
radiation exposure is one part of the consent pro-
cess that should take place between the patient 
and provider. The American College of Radiology 
has launched initiatives such as Image Wisely® 
and Image Gently®, which provide educational 
resources for pediatric and adult patients (see 
https://www.imagewisely.org/) [4]. The Image 
Gently® Alliance similarly provides educational 
information for parents of children and young 
people [5] (see https://www.imagegently.org/). 
International programs include AFROSAFERAD, 
Arab Safe, Canada Safe Imaging, EuroSafe 
Imaging, and LATIN SAFE; information about 
these can be found at https://www.imagewisely.
org/International-Safety-Initiatives [6].

12.5  Regulatory Standards

In the United States, occupational exposure to 
X-rays is generally regulated at the state level 
though many important standards are largely 
consistent across the country. The applicable reg-
ulatory authority should be clear and generally 
there are postings issued by the regulator that are 
to be displayed conspicuously in the facility. The 
regulator may also require that all equipment and 
sometimes staff be registered. In many states 
there are also regulatory requirements that come 
into play when new X-ray equipment is acquired. 
While the specifics of these requirements are 
beyond the scope of this chapter, it is vital that 
physics and radiation safety expertise is available 
and engaged both operationally and in planning 
for new equipment.

As previously mentioned, occupational expo-
sure is limited by regulation. Additionally, insti-
tutions generally establish investigational 
thresholds well below the regulatory limits that 
allow them to effectively monitor and respond to 
exposure trends. The regulatory limits them-
selves are not intended to reflect levels at which 
any injuries or other biological changes could be 
observed but rather they are intended to establish 
limits such that the risk posed by occupational 
exposure to ionizing radiation is comparable to 
that posed by other occupational hazards that 

exists within a workplace that could be consid-
ered safe. Though somewhat nuanced, this state-
ment brings into focus the relationship between 
the concept of the safety and its relationship with 
real-life risk. In any workplace or any setting or 
circumstance it is fair to say that risk cannot be 
eliminated altogether and yet we both individu-
ally and collectively need to make judgments as 
to whether or not something can be considered 
safe. It follows logically then that safety is not the 
absence of risk but rather an assessment that the 
risks are acceptable. For example, one could 
decide that a given car is safe to drive or that a 
roadway is safe to use even though the risk of an 
accident still exists. Of course if there existed a 
practical way to eliminate the chance of an acci-
dent altogether that still allowed us to enjoy the 
many benefits afforded by modern transit by 
road, then our assessment of roadway safety 
could change; though in the meantime the risks 
cannot be removed so instead we take a variety of 
steps to mitigate that risk (driver education, seat-
belts, speed limits, licensure, insurance). The 
same philosophy applies to occupational hazards 
as is the case with ionizing radiation: it would be 
unreasonably difficult to completely eliminate 
occupational exposure to ionizing radiation so, 
though we acknowledge the possibility (however 
small) of the risk posed by this, we accept it 
within certain bounds because we acknowledge 
the benefits that its use can provide. Although we 
would also be prudent to continually seek to min-
imize risks in working with radiation, just as a 
driver may not only wear a seatbelt and observe 
traffic laws but also drive defensively to reduce 
the chance of accident. This is analogous to the 
ALARA philosophy applied to occupational 
radiation exposure.

In practice, this means that an entity that uses 
ionizing radiation must not only observe regula-
tory exposure limits but also continually evaluate 
and take steps to minimize radiation exposure 
within reason. Industry standards and best prac-
tices shared within a profession can often help to 
define acceptable practices, technologies, and 
techniques; however, the ALARA philosophy is 
intended to be applied in a local sense by indi-
viduals as well. For example, a nurse who works 
in an interventional radiology setting may have 
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enough experience to know that their current 
practices are sufficient to maintain their exposure 
levels below regulatory or institutional standards; 
however, they should also evaluate what practical 
steps could be taken to further reduce this expo-
sure, such as standing further away from the 
patient during imaging when possible. In these 
efforts staff should be educated and empowered.

12.6  Training

Radiation safety knowledge and competency 
among health care staff can vary widely. In the 
fluoroscopy setting, extensive training in this 
subject is not necessary for all staff. While fluo-
roscopy operators, such as physicians, should 
have a much more extensive knowledge of not 
only radiation safety but also on the use of the 
equipment and fundamentals of radiological 
imaging, the supporting staff often require a basic 
training that can be obtained easily upon hiring 
and renewed (e.g., by online module with post- 
test or other) with some regularity, preferably 
annually. This training should provide a basic 
understanding of radiation, the risk involved, 
effective radiation safety practices, and program-
matic information some of which may be specific 
to the institution such as who to contact for radia-
tion safety or physics expertise. The RSO will 
play an important role in staff education.

12.7  Radiology Nurse 
Responsibilities

The radiology nurse should be aware of not 
only the risks of radiation exposure but also 

how to be an effective member of the radiology 
team when considering medical radiation and 
its implications for the staff and patient. 
Observance of radiology safety procedures and 
patient education are new roles for the nurse in 
the imaging setting. A better understanding of 
radiation exposure issues will lead to better 
quality patient care.

12.8  Conclusion

An understanding of the risks posed by ionizing 
radiation, as well as the practical means by 
which these risks can be mitigated, should be 
fostered within the diagnostic imaging and 
interventional setting such that staff have an 
educated and empowered approach to radiation 
protection and are able to appropriately priori-
tize radiation safety.
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Waste Anesthetic Gases (WAGs): 
Minimizing Health Risks 
and Increasing Awareness

John E. Moenning Jr., Dina A. Krenzischek, 
and James D. McGlothlin

13.1  Introduction

The scavenging of waste anesthetic gases 
(WAGs) is recommended by every professional 
organization and government agency involved 
with anesthesia to reduce occupational exposure 
to healthcare personnel [1]. WAGs in healthcare 
environments have been associated with adverse 
health outcomes in unscavenged situations [2–
13]. Methods to decrease occupational exposure 
by scavenging WAGs and minimizing potential 
health problems is important in both the operat-
ing room (OR) and in the postanesthetic care unit 
(PACU) [14, 15]. By extension this also means 
it is important to discuss WAG in relation to any 
imaging environment where anesthesia is used as 
well as the imaging procedure recovery area.

13.2  Standards and Guidelines 
for WAG

Assuring that employers provide safe working 
conditions for employees was the purpose of the 
Occupational Safety and Health Act of 1970, 
Public Law 91-596 [16]. This act created the 
Occupational Safety and Health Administration 
(OSHA) under the US Department of Labor, and 
the National Institute for Occupational Safety and 
Health (NIOSH) under the Department of Health 
and Human Services. OSHA and NIOSH are 
federal agencies concerned with possible health 
hazards to employees associated with exposure 
to WAGs. Other recommending bodies that pub-
lish occupational exposure information are the 
American Conference of Government Industrial 
Hygienists (ACGIH), the American Society of 
Anesthesiology (ASA), the American Dental 
Association (ADA), and the Joint Commission 
(TJC), also known as the Joint Commission 
on Accreditation of Healthcare Organizations 
(JCAHO).

In 1977, NIOSH promoted research on the 
effects of occupational exposure to WAGs, the 
means for preventing occupational injuries, and 
recommended occupational safety standards 
[17]. It made recommendations to four areas of 
occupational health: (1) scavenging and exposure 
to trace WAG concentrations; (2) work practices 
to minimize WAG concentrations; (3) medical 
surveillance for possible occupational exposure 
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in the healthcare environment, and (4) monitor-
ing WAGs. NIOSH recommended that workers 
should not be exposed to halogenated agents at 
concentrations of >2 parts per million (ppm) when 
used alone or >0.5 ppm when used in combination 
with nitrous oxide over a sampling period not to 
exceed 1 h. NIOSH also recommended that occu-
pational exposure to nitrous oxide, when used 
as the sole anesthetic agent, should not exceed a 
time-weighted average of 25 ppm during the time 
of anesthetic administration. In addition, this fed-
eral agency recommended that all anesthetic gas 
machines, non-rebreathing systems, and t-tube 
devices have an effective scavenging device that 
collects all WAGs. Within these recommenda-
tions, the agency provided a thorough discussion 
of other work-practice techniques, such as turn-
ing on the scavenging system before administer-
ing anesthetic gases to the patient to minimize 
WAG exposure to medical staff.

In 1989, the ACGIH assigned a threshold- 
level limit value time-weighted average for 
nitrous oxide of 50 ppm for an 8-h work day [18]. 
ASA, in its Guidelines for Non-Operating Room 
Anesthesia Locations, approved by its House of 
Delegates in 1994, stated that in any location that 
inhalation agents are administered, there should 
be adequate and reliable systems for scavenging 
WAGs [1]. The ADA recommends the scaveng-
ing of all WAGs for all procedures involving 
anesthetic gases in the dental office [15]. Finally, 
in 1997, JCAHO recommended that educational 
programs and orientation should be established 
for all personnel who have contact with hazard-
ous materials and waste.

Other countries around the world have also 
established standard guidelines to occupational 
exposure for nitrous oxide. These can range 
anywhere from 25  ppm (the Netherlands) to 
100 ppm (Italy, Sweden, Norway, Denmark, and 
Great Britain) [19, 20].While some of these gov-
ernment agencies and healthcare associations 
have different occupational exposure standards in 
regard to ppm, all unanimously agree that scav-
enging WAGs should be utilized.

OSHA’s responsibilities are to adopt and 
mandate job safety and health standards, estab-
lish the rights and responsibilities of employers 

and employees for safe occupational conditions, 
establish recordkeeping and reporting proce-
dures of injuries, and evaluate work-related 
safety practices (Table  13.1). OSHA is also 
responsible for carrying out NIOSH recom-
mendations [21]. Currently, OSHA recognizes 
NIOSH- recommended exposure limits (RELs) 
to WAG exposure, but to date, it has not set its 
own standards for WAGs. However, OSHA can 
cite under the General Duty Clause 5a(1), which 
states, “each employer shall furnish to each of his 
employees employment and a place of employ-
ment which are free from recognized hazards that 
are causing or are likely to cause death or serious 
physical harm to his employees” [22].

To minimize and create an environment as 
safe as possible for healthcare workers, NIOSH 
recommends a well-designed scavenging system 
as part of an anesthetic delivery system for col-
lecting WAGs. These recommendations apply to 
any place where anesthetic agents are delivered, 
as well as to the PACU.  Patients may out-gas 
(i.e., exhale) anesthetic agents following their 
surgical procedures; NIOSH recognizes that 
close proximity to patients can result in expo-
sure to quantifiable concentrations of WAGs. It 
also indicates that while random room samples 
may indicate relatively low levels of WAGs, the 
breathing zone of the nurse in close proximity 
to the recovering patient may expose that nurse 

Table 13.1 OSHA guidelines to manage WAG risks in 
the OR and PACU

Facility design and engineering
WAG scavenging systems in the OR
Room air changes (OR: 15 with 3 fresh/h; PACU: 6 
with 2 fresh/h)
Isolated fresh air intakes
Administrative
Work practices, training, hazard communication
Professional organization guidelines (e.g., ASA, ADA)
Maintenance and proper use of equipment
Installation of proper equipment, calibration, and 
maintenance
Periodic leak checks

Source: Occupational Safety and Health Administration, 
U.S.  Department of Labor. (Revised 2000, May). 
Anesthetic Gases: Guidelines for Workplace Exposures. 
Retrieved from http://www.osha.gov/dts/osta/anesthetic-
gases/index.html
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to levels of anesthetic gases that are above the 
NIOSH RELs. In 2007, NIOSH Publication No. 
2007-151 reemphasized these recommenda-
tions in regard to WAGs [23]. This publication 
intended to increase awareness of the adverse 
health effects of these gases, describe how work-
ers are exposed to WAGs, and recommend work 
practices to reduce these exposures and identify 
methods to minimize leakage of WAGs into the 
work environment. Steege et  al., in their 2014 
NIOSH-sponsored survey, found that 56% of 
workers dealing with anesthetic gases were 
unaware whether their employer had standard 
procedures for handling/minimizing exposure to 
these gases [24].

13.3  WAG Risks: Toxicology 
and Mechanisms

Lassen et  al., in a 1956 Lancet article, found 
that severe bone marrow depression could occur 
after prolonged nitrous oxide anesthesia in some 
patients who were being treated for tetanus [25]. 
Later in 1967, the first indication that anesthetic 
gases could be a problem for humans was reported 
by Russian scientist Vaisman [26], who reported 
that female anesthesiologists had had problems 
with fatigue, nausea, and headaches, and that 18 
of 31 pregnancies ended in spontaneous abor-
tion. In 1968, additional articles with regard to 
nitrous oxide and its effects on bone marrow were 
reported. Banks et al. and Amess et al. reported that 
nitrous oxide can inactivate vitamin B12 and thus 
cause biochemical derangements similar to those 
seen in pernicious anemia [27, 28]. In 1974, Bruce 
et al. published their studies dealing with nitrous 
oxide and audiovisual impairment [29]. In 1977, 
NIOSH reported that levels of 50 ppm for nitrous 
oxide were the lowest level at which human effects 
had been reported [17]. NIOSH quoted audiovisual 
impairments that Bruce et al. illustrated.

In 1980, Cohen et  al. published an article 
reporting on health problems experienced by 
dentists and chairside assistants who had been 
exposed to nitrous oxide in their jobs [6]. They 
considered dentists as having light exposure if 
they used nitrous 1–8 h a week, or heavy exposure 

if used >8  h a week. They found the following 
information: nitrous oxide use doubled the likeli-
hood for congenital abnormalities or spontaneous 
abortions; nitrous oxide was shown to have an 
increased effect on neurologic problems, as well 
as liver and renal problems for male dentists and 
assistants; and nitrous oxide use doubled the like-
lihood for cervical CA in the female study group.

In 1992, Rowland et al. reported that fertility 
problems occurred in women exposed to high 
levels of unscavenged nitrous oxide [12]. They 
also found a 2.5-fold increase in spontaneous 
abortions experienced by women who worked in 
dental operatories that did not scavenge nitrous 
oxide and found no increase in infertility or spon-
taneous abortion in women who worked in dental 
operatories that scavenged waste nitrous oxide.

In a government technical report, McGlothlin 
et  al. (1994) reported similar findings from the 
literature, where the effects of acute and chronic 
occupational exposure had been shown to cause 
bone marrow depression (primary granulocytope-
nia), paraesthesia, difficulty concentrating, equilib-
rium disturbances, and impaired visual effects [30].

As a result of numerous epidemiological eval-
uations, the ASA commissioned a group of epi-
demiologists and biostatisticians to evaluate the 
significance of these studies with regard to pos-
sible health hazards resulting from exposure to 
WAGs. Buring et al. reviewed 17 published stud-
ies, and after evaluating these studies for the best 
statistical controls they concluded that there was 
a 30% increased risk of spontaneous abortion for 
women working in operating rooms and a similar, 
but less consistent increase in congenital abnor-
mities among offspring of exposed physicians 
[31]. They also concluded that all of the studies 
reviewed had weaknesses in their response rates 
and other confounding variables, making it dif-
ficult to draw specific conclusions.

A study by Krajewski looked at alterations in 
the vitamin B12 metabolic status of 95 operating 
room nurses with a history of exposure to nitrous 
oxide and compared them to 90 nurses who were 
not exposed to nitrous oxide [32].They found sig-
nificantly lower vitamin B12 status in personnel 
exposed to nitrous oxide with higher total homo-
cysteine levels. The changes in vitamin B12 status 
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were found to be primarily in subjects who were 
exposed to nitrous oxide in concentrations sub-
stantially exceeding occupational exposure limits.

In 2008, Sanders et al. published a thorough 
review of the biological effects of nitrous oxide, 
including how nitrous oxide affects methionine 
synthase function [33]. They discussed as a result 
of the interaction of vitamin B12 with nitrous 
oxide, methionine synthase is inactivated, result-
ing in alterations to one carbon and a methyl 
group transferred, which is important for DNA, 
purine, and thymidylate synthesis. These altera-
tions potentially may result in the increased risk 
for reproductive consequences, megaloblastic 
bone marrow depression, neurologic symptoms, 
and increased levels of homocysteine, which can 
cause cardiovascular changes.

While the anesthetic use of nitrous oxide with 
halogenated agents may be decreasing, the use of 
halogenated agents has not gone down. The agents, 
sevoflurane, isoflurane, and desflurane, make up 
the vast majority of inhalation anesthetic gases. 
Fodale reviewed 54 articles on the health effects of 
nitrous oxide and halogenated gases and found that 
these agents were associated with general health 
and genotoxic risks and stressed the need for fur-
ther studies [34]. Recently, studies on humans and 
rodents have shown that low-dose anesthetic gases 
can cause changes in liver blood chemistry, DNA 
damage, and antioxidant status [35–38].These 
reviews create significant debate about the long-
term effects of anesthetic agents. These possible 
health changes become even more concerning in 
the developing brains of children and the elderly, 
and these neurocognitive issues are being investi-
gated by the Federal Food and Drug Administration 
(FDA) in the USA [39]. As a result, all organiza-
tions have concluded that good scavenger systems 
are needed to decrease these possible health conse-
quences from exposure to WAGs with halogenated 
agents and/or nitrous oxide gas.

13.4  WAGs in the PACU

In 1996, the American Society of Perianesthesia 
Nurses (ASPAN) issued a position statement in 
regard to air safety in the postanesthesia environ-

ment [40]. It stated that necessary, appropriate, 
and protective engineering controls, technolo-
gies, work practices, and personal protective 
equipment be utilized in the perianesthesia envi-
ronment. ASPAN recommended that occupa-
tional exposure to WAGs, and blood-borne and 
respiratory pathogens, be controlled by adher-
ence to regulations and guidelines set forth by 
nationally recognized agencies, such as NIOSH, 
the Centers for Disease Control and Prevention 
(CDC), and OSHA’s hierarchy of controls based 
on principles of good industrial hygiene.

In 1997, an article by Badgwell discussed air 
safety source control technology for the PACU 
[41]. In addition, Brodsky concluded his review 
of the literature by stating, “Why risk potential 
health and reproductive problems while waiting 
for definitive proof, when this is not likely to be 
forthcoming. Even without direct proof of cause, 
we should reduce levels of WAG to their lowest 
possible concentration by careful use of efficient 
control measures” [42]. Badgwell also stated that 
as a result of the body of research and careful 
analysis, the inclusion of source-control scaveng-
ing has become the de facto standard for anes-
thetic machines in all operating rooms in the USA 
since 1980 [41].Badgwell also reviewed literature 
related to exposure of PACU personnel to WAGs 
and concluded that WAG levels in the breathing 
zone of personnel in the PACU appeared to exceed 
NIOSH RELs. Over the last 10 years, articles have 
begun to appear with regard to WAG levels in the 
PACU. Prospective studies have looked at expo-
sure levels in the PACU.  Sessler et  al. recently 
summarized several papers on healthcare person-
nel exposed to WAGs and possible health con-
cerns from this exposure [43]. He reported that 
the majority of these studies concluded that there 
is a correlation between reproductive toxicity and 
exposure to WAGs. The majority of these health 
concerns involve spontaneous abortions and 
infertility; neurobehavioral effects; megaloblas-
tic anemia; neuropathies;  psychophysiological 
effects of impaired cognitive, perceptual, and/or 
motor function; and more recently vitamin B12 
deficiencies and homocysteine elevations.

Sessler and Badgwell [43] found that postop-
erative nurses were frequently exposed to exhaled 
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anesthetic gas concentrations exceeding NIOSH- 
recommended exposure levels. Interestingly, they 
found that volatile anesthetic curves did not dem-
onstrate the expected exponential decrease over 
time. They found that one-fourth of the nurses 
demonstrated time-weighted average (TWA) that 
exceeded the 25 ppm NIOSH recommendations, 
even though they had been caring for patients 
who had received nitrous oxide-free anesthesia. 
Sessler points out that this could have been due 
to limitations in ventilation air exchanges in the 
PACU design. The data suggested that PACU 
nurses were exposed to exhaled anesthetic gases 
exceeding the NIOSH RELs.

Krenzischek found that concentrations of 
nitrous oxide were close to 300 ppm in a patient’s 
breathing zone [44]. This pilot study identified 
the potential for staff exposure to WAGs in the 
PACU setting. A simulated PACU environment 
was constructed to obtain an understanding of 
how the concentration of nitrous oxide varies 
with distance from the patient. Austin found that 
the concentration of nitrous oxide decreases with 
distance from the patient and the patient’s respi-
ration increases the level of nitrous oxide based 
on the location of the nurse. Also, the respira-
tion of the nurses pulls the nitrous oxide plume 
toward them, increasing their exposure to the 
gas [45]. Austin questioned the inadequacy of 
attempting to measure levels of gas exposure at 
random points in a room. There are other articles 
that have looked at breath analysis to determine 
whether PACU personnel or operating room 
personnel are inhaling the gases and then exhal-
ing them at a measurable limit. Cope et al. and 
Summer et al. have found that exhaled anesthetic 
agents are present in the breath of personnel [46, 
47]. In 2015, Cheung et al. found that WAG con-
centrations are higher in the patients’ breathing 
zone when patients’ airway devices are removed 
in the PACU vs. in the OR [48].

As stated earlier, it can be surmised that 
PACU personnel may be exposed to WAGs that 
are above NIOSH REL standards; this could have 
health consequences from exposure to WAGs. In 
addition, the potential for neurocognitive prob-
lems can result from chronic exposure. When 
nursing personnel are exposed to a large num-

ber of PACU patients throughout an 8-h day, the 
potential for cognitive problems may increase. 
This is important, considering that the Institute 
of Medicine (IOM) states that as many as 44,000 
to 98,000 people die in US hospitals every year 
as a result of medical errors [49]. Furthermore, 
nonfatal adverse events related to medication 
errors can increase hospital costs by as much 
as $2 billion a year. IOM also states that higher 
error rates may be more common in emergency 
departments, operating rooms, or intensive care 
units (ICUs). Helmreich, in analyzing errors in 
aviation, found that multiple physiological and 
psychological factors impact attention spans and 
make medical errors more likely [50]. Some of 
the causes include increased workload, fatigue, 
cognitive overload, ineffective interpersonal 
communication, and faulty information process-
ing. If cognitive problems are known to increase 
secondary to exposure to WAGs above NIOSH 
limits, it seems reasonable to conclude that mini-
mizing exposure to WAGs would help prevent 
possible adverse health consequences to person-
nel, as well as decrease the potential for human 
error during the times patients are in the PACU.

13.5  Exposure Assessment 
Methods for Detecting WAGs

Evaluation of WAGs, particularly nitrous oxide, 
is typically done through three traditional meth-
ods. The first utilizes nitrous oxide dosimetry 
badges. These sampling monitors are very simi-
lar to radiology monitors, where the nitrous oxide 
gas is absorbed by a zeolite molecular sieve with 
a pore size of 5  angstroms. These sampling 
badges are opened at the beginning of a sampling 
period. Upon completion of the sampling phase, 
the badge is double-sealed in a bag and then sent 
to a lab for analysis.

A second method utilizes a small handheld 
infrared spectrophotometer. An example of 
one used in PACUs is the Medigas PM 3010 
developed by the Bacharach Company in 
Pittsburgh, PA, USA.  This handheld device 
pulls in the nitrous oxide to be analyzed by a 
small port and reads nitrous oxide concentra-
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tions by infrared analysis spectrophotometry. 
However, the device that has been used the lon-
gest for WAG monitoring has been the Miran 
1B SapphIRE Ambient Air Analyzer (Thermo 
Fisher, Waltham, MA, USA). NIOSH RELs 
were all established by using the Miran infra-
red spectrophotometer. Recently, the use of 
Fourier transform infrared spectroscopy (FTIR) 
(Gasmet Technologies Oy, Finland) has become 
the standard for measuring gases. FTIR works 
by being able to measure the entire IR spectrum 
and thus measure multiple gases at the same 
time. While all of these devices measure WAGs 
as a part per million (ppm), none of these mea-
suring devices can visualize gases.

By utilizing infrared thermography, a new 
way to visualize WAGs, especially nitrous oxide, 
has been established. An infrared camera (Merlin 
Mid-INSB Midwave FLIR infrared camera, 
FLIR Systems Inc., Boston, MA, USA) uses the 
infrared light through a special lens to capture 
the nitrous oxide molecule absorbing the infra-
red image in a spectrum of 45 to 50 nanometers. 
Using this technology has made it possible to 
visualize nitrous oxide, and most recently haloge-
nated agents, and thus develop ways to minimize 
occupational exposure to personnel not previ-
ously possible. Specifically, this allows research-
ers to “see” where the WAGs may be escaping 
into the environment (Fig. 13.1).

This technology was utilized in a study that 
appeared in the February 2009 issue of the 
Journal of the American Dental Association 
(JADA) [51]. Two nitrous oxide scavenging 
systems were evaluated to determine their abil-
ity to control waste gas emissions. As a result 
of this study, it was discovered that nitrous 
oxide is present in the postoperative respira-
tions of individuals long after discontinuation 
of the gas. The use of this technology was then 
taken to the PACU as a proof-of-concept to 
determine if WAG occurs in the breathing zone 
of recovering patients and exposes nurses to 
these exhaled WAGs.

To visualize possible WAGs in the PACU, 
identical instrumentation used in the JADA 
February 2009 issue was utilized. Preliminary 
data were collected using three types of instru-
mentation. These were infrared thermography by 
means of an infrared camera (Merlin Mid-INSB 
Midwave infrared camera, National Instruments 
Corporation, Austin, TX, USA), digital videog-
raphy by means of a camcorder (Handicam, 
DCR-SR100, Sony, Tokyo, Japan), and real-time 
nitrous oxide and sevoflurane air concentration 
levels parts per million (ppm) by means of an 
infrared spectrophotometer (Miran 1B SapphIRE 
Ambient Air Analyzer, Thermo Fisher Scientific, 
Waltham, MA, USA) [52]. By using all three 
methods to measure WAGs, McGlothlin et  al. 
proved that sevoflurane and nitrous are present in 
the PACU, are present in the patient’s and nurse’s 
breathing zones, are above the NIOSH RELs for 
extended periods of time, and can be controlled 
(Fig. 13.2).

WAG
plume

Fig. 13.1 New patient admitted to PACU following gen-
eral anesthesia. The Infrared allows the visualization of 
the WAG as seen by the WAG plume from the mouth 
(Permission to re-print Dr. John Moenning Source)

Fig. 13.2 WAG Scavenging System in place capturing 
the WAG’s following general anesthesia (Permission to 
re-print Dr. John Moenning Source)
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Hillar et al. also evaluated WAGs in the PACU 
and showed that the rate of washout of sevoflu-
rane was dependent solely on the duration of the 
anesthetic exposure. They found that when their 
patients were extubated at 0.2% (2000 ppm) and 
assuming a constant cardiac output, even after 
25  min (92% elimination), the concentrations 
would still be 184  ppm. To get to the current 
NIOSH RELs of 2 ppm would require a 98.998% 
reduction of the inhaled anesthetic gas and could 
take more than an hour [53]. In 2018, Tallent et al. 
also documented PACU WAGs in 120 patients 
after tracheal extubation in the patient breathing 
zone and nurse work zone. More importantly, they 
were able to document the reduction of elevated 
WAGs (exhaled Sevoflurane and Desflurane) in 
the PACU to concentrations below the NIOSH 
RELs in greater than 85% of extubated patients 
within 20 s of applying the ISO-Gard® scaven-
ger mask [54].

Utilizing techniques to measure and visual-
ize WAGs in the PACU has proven the existence 
of occupational exposure (Fig.  13.3) [52–54]. 
A review of the literature in regard to possi-
ble health concerns from postanesthetic gases 
and the conclusions from governing bodies 
and professional organizations indicate a gen-

eral agreement that control of WAGs should 
be considered. Utilizing engineering controls, 
best-work practices, and personal protective 
equipment (such as a mask) should be used 
in the PACU environment. Developing meth-
ods and practices to minimize these WAGs is 
important. In fact, OSHA has stated, “the pre-
ferred and most effective means of protecting 
workers is to prevent hazards entering their 
breathing zone in the first place” [55].

The American Society of PeriAnesthesia Nurses 
(ASPAN), at its National Meeting in 2016, identi-
fied the following issues pertinent to perianesthesia 
occupational hazard exposure prevention:

 1. Exposure to waste anesthetic gases above 
NIOSH RELs exhaled by patients in the 
breathing zone of nurses providing care at the 
bedside and cross contamination to other 
PACU patients, including immune suppressed 
patients

 2. Lack of sufficient monitoring within the 
breathing zone of PACU patients following 
general anesthesia

 3. Lack of engineering control interventions to 
reduce the level of waste anesthetic gas expo-
sure to healthcare workers (HCWs) and other 
patients

 4. High risk of exposure for HCWs and patients 
to respiratory pathogens in the perianesthesia 
environment; open architectural designs 
including lack of air exchanges of perianes-
thesia care areas increase the risk of transmis-
sion of respiratory pathogens among patients 
and between patients and HCWs

 5. Increased risk of exposure to droplet and air-
borne infectious diseases (e.g., M. tuberculo-
sis [TB] and rubella virus [measles], and viral 
illnesses, such as norovirus, Ebola virus, and 
Zika virus) [56, 57]

As a result of all of the research, new tech-
niques in monitoring and the visualization of 
WAGs ASPAN updated its position statement in 
2016 [40] (Table 13.2).

WAG
Plume

Fig. 13.3 Nursing personal in the breathing zone being 
exposed to the WAG (WAG plume) following general anes-
thesia (Permission to re-print Dr., John Moenning Source)
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13.6  Use of Scavenging Systems 
to Reduce and Prevent WAGs 
and Airborne Pathogens 
in the PACU

As discussed above, engineering controls, includ-
ing scavenging systems in the PACU, are one of 
the most effective means to reduce and prevent 
exposure to WAGs. However, there are mounting 
concerns that nurses and related healthcare per-
sonnel in the PACU are also exposed to harmful 
airborne pathogens from patients’ expired breath 
and nurses breathing this contaminated air dur-
ing the patient’s recovery. In fact, when a patient 
indicates that he or she has had a respiratory ill-
ness that could be harmful to PACU nurses, these 
patients are typically protected from exposing 
other patients by isolating them in a corner of 
the PACU. In addition, the nurses will wear addi-
tional respiratory protection (face shields, along 
with N-95 respirators). In some instances, the 
additional cost for these precautions are added 
to the patient’s bill and/or is passed on to their 
provider. Because of this, many patients may not 
be forthcoming about their current or previous 
illnesses or may not even know that their air-
borne infectious diseases could harm the health 
of nurses in the PACU.

To address this issue, researchers at Purdue 
University have conducted preliminary research 
on the utility of market-available scaveng-
ing systems (e.g., ISO-Gard® [58]) to not only 
remove WAGs in the PACU, but also harm-
ful airborne pathogens. As a proof of concept, 
the initial research was conducted in a Purdue 
University laboratory using a market-available 

scavenging system using state-of-the-art biolu-
minescence techniques [59]. The initial study 
showed a significant reduction in pathogens 
compared to not using the market-available 
scavenging system [60]. A follow-up study was 
conducted to better understand how well this 
market-available scavenging system worked 
to capture the bacteria, and where it deposited 
most of the bacteria in the scavenging system. 
Results showed that the bacteria were mostly 
concentrated in the patient’s scavenging mask, 
then all along the exhaust tubing. Because of 
the success of both research studies (now pend-
ing publication) it was reasoned that this scav-
enging system could also benefit nurses in the 
PACU from airborne pathogens.

13.7  Translation of Evidence 
to Practice

There is increased attention to patient and work-
place safety in healthcare facilities, which is 
driven by regulatory agencies, advocacy groups, 
litigators, and most importantly the patients or 
healthcare staff themselves. The most common 
challenge is not only the translation of evidence, 
but also the time it takes to drive change to prac-
tice despite published guidelines, policies, and 
evidence recommendations. Behavior change 
among organizations and/or individuals (provid-
ers, patients) is inherent in the translation pro-
cess, engagement of stakeholder organizations, 
healthcare delivery systems, and individuals. 
This is important to achieving effective transla-
tion and sustained improvements [61].

Table 13.2 ASPAN’s position states that “necessary, appropriate, and evidence-based protective engineering controls, 
technologies, work practices, and personal protective equipment be utilized in the perianesthesia environment” [40]. 
Key points of ASPAN’s recommendations are to

 • Promote a safe environment for nurses and patients
 •  Adhere to national regulations and guidelines to establish a hierarchy of controls based on principles of good 

industrial hygiene including waste anesthetic gases
 • Protect healthcare workers and patients based on national regulations and evidence-based guidelines
 •  Support the development of healthcare policies, research collaborative projects that improves quality and safe 

environment including air quality and reduction of occupational exposure hazards

Source: 2019–2020 ASPAN Perianesthesia Nursing Standards, Practice Recommendations and Interpretive Statements: 
A Position Statement on Air Quality and Occupational Hazard Exposure Prevention (Permission to print by ASPAN)
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13.8  Conclusion

Most PACU/recovery room (RR) nurses may not 
be aware of the WAG risks in their workplace envi-
ronment. Understanding the evidence and putting 
it into practice is a start, especially toward increas-
ing awareness. However, evidence and awareness 
are only meaningful when translated into practice. 
The assessment of potential risk in the clinical area 
and collaboration with appropriate resources (clini-
cal chain of command and clinical engineering) are 
necessary steps in the implementation process. The 
clinical engineering department is responsible for 
monitoring potential WAGs in the OR/theater. In 
the PACU/RR, WAG assessment within the breath-
ing zone of the patient can be monitored by clinical 
engineering health and safety professionals using 
appropriate monitoring devices. Monitoring of 
WAGs in the PACU has to be done on a routine 
basis whenever patients with anesthetic gas are 
admitted into the unit. Controlling the source of 
WAGs (typically from patients’ exhalation in the 
PACU) protects not only the nurses but also other 
health- compromised patients. As a perianesthesia 
nurse in the PACU/RR or radiology post-recovery 
phase, the nurse’s role is to provide safe and qual-
ity care to patients and be an advocate for a safe 
workplace environment. Protecting nurses and 
other healthcare staff from any risk of exposure, 
be it WAGs, airborne pathogens, infection, or any 
adverse outcome, is the responsibility of the entire 
healthcare team. So, extending the assessment, 
monitoring, and implementation of engineering 
control also means it is important to discuss WAG 
in relation to any imaging/interventional radiology 
environment where anesthesia is used as well as the 
imaging/interventional procedure recovery area.
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Medical Laser Safety

Vangie Dennis

14.1  Introduction

When lasers are introduced into a healthcare 
environment, whether in a hospital, surgery cen-
ter, or a physician’s office, healthcare profession-
als must be prepared to address issues of safety 
for both the staff and the patient. All lasers pres-
ent hazards to patients and to the individuals uti-
lizing them as well as anyone present in the area 
in which they are being activated. This equip-
ment should be utilized in accordance with estab-
lished regulations, standards and recommended 
practices, manufacturer’s recommendations, and 
institutional policies. Laser safety is based on 
knowledge of the specific laser being utilized, its 
instrumentation, mode of operation, power densi-
ties, action in tissues, and risks. Key terms to 
understand include the following:

Controlled area: An area where the occupancy 
and activity of those within is subject to control 
and supervision for the purpose of protection 
from laser radiation hazards.

Laser: A device, which produces an intense, 
coherent, directional beam of light by stimulating 
electronic or molecular transitions to lower 
energy levels.

LASER: An acronym for light amplification by 
stimulated emission of radiation.

Laser safety officer (LSO): One who has 
authority to monitor and enforce the control of 
laser hazards and effect the knowledgeable evalu-
ation and control of laser hazards.

Laser operator: A person responsible for setting 
up the laser prior to use or who operates the console 
to control the laser parameters under the supervi-
sion of the user. The person who handles the laser 
equipment and in general controls the application 
of the laser radiation at the working area.

Laser user: One who uses the laser for its 
intended purpose within the user’s scope of prac-
tice, training, and experience (i.e., the laser 
surgeon).

Maximum permissible exposure (MPE): The 
level of laser radiation to which a person may be 
exposed without hazardous effects of adverse 
biologic changes in his or her eyes or skin.

Nominal hazard zone (NHZ): The space within 
which the level of the direct, reflected, or scat-
tered radiation during normal operation exceeds 
the applicable MPE. Exposure levels beyond the 
boundary of the NHZ are below the appropriate 
MPE level.

Reflectance: The ratio of total reflected radiant 
power to total incident power. Also called 
reflectivity.

Wavelength: The distance between two suc-
cessive points on a periodic wave which have the 
same phase.
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Optical density (O.D.): The ability of a lens to 
filter out a specific wavelength or wavelength range.

Before discussing safety it is important to 
understand what is laser, its effect on biological 
tissue, characteristics of laser light, and operating 
parameters.

14.1.1  Definition of Laser

Laser is a device, which produces an intense, 
coherent, directional beam of light by stimulating 
electronic or molecular transitions to lower energy 
levels. Laser is an acronym for light amplification 
by stimulated emission of radiation.

14.1.2  Laser Effects on Biological 
Tissue

Laser surgery is primarily a more accurate and 
efficient method of performing thermal surgery. 
The actual surgery results from the conversion of 
the electromagnetic energy into heat. In tissue, 
protein denaturation occurs at and above 60 °C, 
which also corresponds roughly to the tempera-
ture resulting in irreversible tissue injury. At 
100 °C, water converts into steam. At some point 
between 300° and 400 °C, skin will begin to car-
bonize, and then to smoke. At approximately 
530 °C and in the presence of oxygen, skin will 
burn and evaporate. Although these temperature- 
related effects are similar for all medical lasers 
once the energy is converted to heat, the differ-
ences in absorption of the various wavelengths by 
the various components of tissue makes a great 
difference in the actual heat conversion process 
during laser surgery.

The latent heat of vaporization of water acts as 
a tremendous energy drop and maintains the tem-
perature at 100 °C at the tissue surface as long as 
water or steam is present. Any heat energy input-
ted into water-containing tissue above that 
required raising the temperature of the water to 
100  °C is spent in the conversion of water to 
steam. Even if the conditions were just right for 
superheating of the cellular water just prior to 
steam formation, the expansion of the steam 

would result in an immediate cooling of the tis-
sue surface to 100  °C.  Thus, the formation of 
steam from cell water acts as a 100 °C thermostat 
for the surface of the tissue and helps to prevent 
any high temperature damage from occurring 
below the surgical surface.

14.1.3  Characteristics of Laser Light

Laser light produced by stimulated emission pos-
sesses three properties that distinguish it from 
ordinary light produced by spontaneous emis-
sion. The three properties are monochromaticity, 
coherence and collimation (5).

Monochromaticity means that all of the pho-
tons of light emitted by the laser are at one fre-
quency and are moving in the same space and 
time. However, laser light is as close to being at 
one frequency as is physically possible. White 
light produced by spontaneous emission consists 
of light of all visible frequencies (all colors) 
mixed. Even visible light that is a single color can 
consist of a broader spectrum of frequencies than 
light which is produced by stimulated emission. 
Therefore, laser light is one color of light.

Coherence is a term referring to the wave 
nature of light and describes the fact that all of the 
peaks of the sinusoidal waves representing each 
photon are precisely in phase with each other, 
both in the same space and time. White light pro-
duced by spontaneous emission consists of all dif-
ferent wavelengths or colors of the light spectrum. 
Therefore, it is impossible for the waves of the 
individual photons to sum up consistently as does 
monochromatic light, since each frequency has its 
unique wavelength, and the difference in wave-
length will ensure that the photons of different 
frequencies will be out of phase the majority of 
the time. The many colors of the light spectrum 
that compose white light will cancel each other 
out unlike the laser light due to the coherency 
causing it to become in sync. The result is the 
brillance often seen with a visible laser beam.

Collimation describes the fact that all of the 
photons, or waves, produced by the stimulated 
emission process are going in the same direction, 
parallel to each other. This property allows the 
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stimulated emission photons to remain in phase 
for a long distance away from the laser source. 
Light produced by spontaneous emission tends to 
spread in all directions, as does the light pro-
duced by a light bulb. Although spontaneous 
emission light can be “collimated” using special 
optical lenses or mirrors to form a beam, it can 
never be as well collimated as light produced by 
stimulated emission.

14.1.4  Operating Parameters

There are three operating parameters that deter-
mine precisely what the laser beam will do when 
exposed to tissue during surgery. These parame-
ters are power, spot size, and exposure time.

Power is an operating parameter given in watts 
and is proportional to the force of the beam in 
surgery. When the laser is turned on, the laser sur-
geon must decide what power setting he will be 
using for the procedure. This parameter should 
be dictated by that surgeon’s own experience. 
There is no such thing as a definitive power set-
ting for a given procedure. The power setting that 
should be used is always the highest setting that a 
given laser surgeon feels comfortable using. In 
this way, the laser surgeon will always be using 
his laser as efficiently as possible, getting the sur-
gery done as rapidly as possible.

Spot size is the second operating parameter 
and describes the diameter of the minimum spot 
achievable with a given lens. This parameter is 
typically given in millimeters. It is important to 
remember that spot size specifications are usu-
ally given for the spot size diameter, and not the 
spot size radius, which is typically used in 
power density calculations. The spot size deter-
mines how concentrated the beam’s power will 
be at the focal point of the laser. For a given 
laser, the minimum spot size is fixed by the 
focal length of the focusing lens; changing the 
focal length by changing the lens will also 
change the spot size.

Exposure time, generally given in seconds but 
also occasionally in milliseconds (1 ms = 1 × 103 s), 
is the feedback parameter during laser use. The 
longer the beam stays on tissue with a given power 

and spot size, the deeper that beam will cut. A laser 
surgeon must use the feeling of time as feedback in 
the same manner that one would use the feeling of 
pressure as feedback when cutting with the scalpel. 
There is also a similar learning curve that must be 
mastered when first using the laser. Learning to use 
the scalpel took time and experience to master just 
how much pressure was necessary to make a cut 
that was not too shallow and not too deep. Learning 
to use the laser also necessitates the accumulation 
of experience to master how much time on tissue is 
required to cut or ablate tissue to the depth desired.

14.2  U.S. Federal Regulatory 
Agencies and State 
Regulations

Lasers are classified as medical devices and are 
subject to regulation. The Code of Federal 
Regulations’ Performance Standards for Light 
Emitting Products (https://www.accessdata.fda.
gov/scr ipts /cdrh/cfdocs/cfcfr /cfrsearch.
cfm?FR=1040.10) provides specifications for 
manufacturers of medical laser systems. 
Becoming acquainted with the organizations, 
laws, and standards regulating or affecting the 
use of lasers in a medical setting familiarizes the 
healthcare professional with the information nec-
essary to develop and implement an appropriate 
laser safety program.

14.2.1  National Center for Devices 
and Radiological Health

All medical lasers are regulated by the U.S. Food 
and Drug Administration (FDA) under the 
Medical Device Amendments to the Food and 
Drug act and apply primarily to laser manufactur-
ers. These regulations are enforced by the 
National Center for Devices and Radiological 
Health (NCDRH). The FDA regulates more than 
250 types of lasers including those intended for 
medical and surgical use. The federal guidelines 
require manufacturers to classify the medical 
laser systems based on its ability to cause damage 
to the eye and skin. Medical lasers are catego-
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rized under FDA classification of medical devices 
as class III, subdivision class 4, due to the poten-
tial hazards (Table  14.1). Manufacturers must 
conform to all safety requirements of the federal 
standard. They must also be approved by the 
NCDRH prior to any marketing or testing a laser 
for a particular clinical application or use, and 
comply with the labeling requirements.

14.2.2  American National 
Standards Institute

The American National Standards Institute 
(ANSI) is a voluntary organization of experts, 

including manufacturers, consumers, and scien-
tific technical and professional organizations and 
government agencies who determine industry 
consensus standards in technical fields (https://
www.ansi.org). ANSI’s mission is to provide a 
guide for the safe use of lasers and laser systems 
for diagnostic and therapeutic use in healthcare 
facilities. The first cohesive blueprint for building 
safe clinical laser services was the “American 
National Standard for the Safe Use of Lasers in 
Health Care Facilities” or ANSI Z136.3. ANSI 
implies that an adequate program for control of 
laser hazards be established in every healthcare 
facility that utilizes surgical lasers. The program 
must include provisions for a laser safety officer, 
education of users, protective measures, and man-
agement of accidents. ANSI Z136.3 covers many 
areas of lasers and their safe use including termi-
nology, hazard evaluation, classification, control 
measures, and administrative controls. Federal 
legislation and state laser safety regulations, as 
well as professional and advisory standards, are 
based on the ANSI standard.

14.2.3  Occupational Safety 
and Health Administration

The Occupational Safety and Health 
Administration (OSHA) is concerned primarily 
with the safety of healthcare workers. OSHA is 
the agency that can enforce the ANSI standards 
despite the fact that there is not any specific leg-
islated regulations governing laser safety in 
healthcare facilities. OSHA can cite violations 
under the General Duty clause if the level of 
compliance is not satisfactory.

14.2.4  State Regulations

State regulations, including the FDA, are the only 
guidelines for laser safety that are backed by legis-
lative action. The concern over laser safety is 
reflected in the increasing number of states that are 
enacting medical laser safety legislation. 
Regulations governing the safe use of lasers pres-
ent healthcare personnel with a complex set of 

Table 14.1 Medical device regulations

FDA Classification of medical devices
Medical devices were classified in 1976 by the FDA 
according to their safety factors
Class 1
Subject to general controls
Class II
Devices for which general controls are not enough
Class III
Implant and life support devices
Classification of lasers
Lasers are classified according to potential hazard of 
exposure
Class 1
Enclosed system, considered safe based on current 
medical knowledge. NO light emission escapes the 
enclosure
Class 2
Limited to visible light (400–780 nm). Output power is 
1 mW or less. Momentary viewing (0.25-s maximum 
permissible exposure) is not considered hazardous. 
Staring into the beam is not recommended. Protective 
eyewear of the correct optical density should be worn
Class 3A
Emitted laser viewed directly through collecting optics 
would cause permanent eye damage. Output power is 
0.5 mW or less. Protective eyewear of the correct 
optical density should be worn
Class 3B
Continuous laser light with 0.5 mW or less output can 
cause permanent eye damage. Exposure to the beam 
should be avoided. Protective eyewear of the correct 
optical density should be worn
Class 4
Laser light produced is hazardous to skin and eyes. 
Strict control measures are enforced. Protective 
eyewear of the correct optical density should be worn

Adapted from the ANSI 136.32018 Guidelines
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guidelines. Only FDA and individual state enact-
ments are supported by legislation. All other guide-
lines are recommended practices or standards, and 
are based on the ANSI Z136.3 practices.

14.3  Nongovernmental Agencies

14.3.1  American Society for Lasers 
in Medicine and Surgery

The American Society for Lasers in Medicine 
and Surgery (ASLMS), in 1980, issued reports 
that were adopted as recommendations by the 
society’s members (see https://www.aslms.org).

In 1990, the board of directors released nine 
recommended perioperative practices relating to 
patients undergoing laser procedures. These 
included assessment, nursing diagnosis, planning, 
implementation, and evaluation of nursing care.

14.3.2  Association of PeriOperative 
Registered Nurses (AORN)

AORN’s “Recommended Practices for Laser 
Safety in the Practice Setting” was first published 
in 1989. These are currently being updated. These 
broad recommended practices provide guidelines 
to support perioperative nurses in developing 
policies and procedures for the safe use of lasers 
in their practice setting. These practices represent 
an acceptable level of practice.

14.3.3  The Joint Commission 
on Accreditation of Health 
Organizations (TJC)

TJC does not currently recommend specific 
guidelines for laser use; however criteria may be 
based on ANSI recommendations.

14.4  Standards and Practice

Control of potential health hazards associated 
with the use of surgical laser systems requires 

adoption of appropriate safety standards and poli-
cies that are relevant to the specific laser situation. 
It is imperative that, for the safety of patients, 
physicians, nurses, and other medical personnel, 
everyone involved with medical lasers under-
stands how to safely manage each type of laser in 
a medical setting. Before a laser is utilized clini-
cally, a laser program should be established with 
written policies and procedures to establish 
authority, responsibility, and accountability.

The Laser Safety Officer (LSO) is a person 
appointed by the administration that has attained 
the training and education to administer a laser 
safety program. This does not mean the LSO 
must be present during every laser procedure. 
The Laser Safety Officer is responsible for appro-
priate classification of lasers within the facility, 
hazard evaluation, control measures, procedural 
approval, protective equipment, maintenance of 
equipment, training to all personnel associated 
with lasers, and medical surveillance [1].

14.5  Hazard Evaluation 
and Control Measures

Hazard evaluation is influenced by various fac-
tors of the laser system being utilized. The clas-
sification of the laser and the wavelength of the 
laser may also assist in defining the necessary 
control measures to be incorporated into the 
safety program. These factors affect which con-
trol measures need to be incorporated into the 
laser safety program and implemented into 
 practice. Control measures are those procedures 
or methods implemented to minimize hazards 
associated with a particular laser when it is in the 
operational mode. Control measures may be 
influenced by the ability of the laser energy to 
injure, the environment in which the laser will be 
activated, personnel that may use or be exposed 
within the nominal hazard zone, the delivery sys-
tems, and the non-beam hazards associated with 
the specific laser. Ancillary hazards create the 
potential for significant injuries to occur. Injuries, 
including death, may occur during testing of laser 
equipment, during electrical servicing, from fires, 
explosions, and even embolisms.
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14.5.1  Administrative Controls

Administrative controls are those methods or 
procedures specifying explicit criteria that deter-
mine the implementation of engineering controls 
or work practices for personnel protection. 
Standard operating procedures (SOPs) are estab-
lished from institutional policies and procedures. 
Safety controls, maintenance and service, as well 
as the function of the laser should be incorpo-
rated into the facility’s SOPs. SOPs may also 
include documentation requirements for pre- 
procedure safety checklists, intra-procedural 
laser operation, and safety. The LSO is responsi-
ble for the execution of the SOPs.

14.5.2  Procedural and Equipment 
Controls

Engineering and procedural controls are deter-
mined by the LSO and must be implemented when 
appropriate to circumvent potential hazards. 
Procedural controls require adherence to written 
SOPs to ensure the safety of all personnel working 
in the region of lasers. SOPs should provide for 
operational guidelines, emergency shut- off mech-
anisms, stand-by functions, use of low reflective 
materials near the laser beam path, and storage.

Operational guidelines should require 
switches, whether foot-pedal or finger trigger, 
which control the laser energy, to be guarded to 
prevent accidental activation. This may necessi-
tate one foot-pedal access for the individual con-
trolling the delivery device to prevent inadvertent 
activation of the laser [2]. Accessory attachments 
to lasers must also be compatible with the laser 
safety guidelines. This includes laser filters on 
operating microscopes that protect the operator at 
the binocular viewing tube and through the acces-
sory viewing tubes.

Lasers should be placed in the “stand-by” 
mode when then laser is on but not being fired, or 
when the user in no longer in control of the deliv-
ery device to prevent accidental discharge. When 
not in use, storage of the laser and/or disabling of 
the laser is necessary to prevent inadvertent acti-
vation of the laser by non-authorized personnel. 
Lasers should be stored in areas of low traffic.

Nonreflective instruments (dull, anodized, or 
matte-finished) should be used in or near the laser 
beam to defocus or disperse the laser beam [3]. 
Appropriate backstops or guards should be used 
to prevent the laser beam from striking normal 
tissue or non-targeted tissues.

14.6  Laser Treatment Controlled 
Area

The nominal hazard zone (NHZ) is the space in 
which the level of the direct, reflected, or scattered 
radiation used during the normal laser operation 
exceeds the applicable maximum permissible 
exposure (MPE) [4]. A nominal hazard zone 
should be identified by the LSO to prevent unin-
tentional exposure to the laser beam. Determination 
of the NHZ should take into consideration infor-
mation gathered from the manufacturer’s labeling, 
by analysis, to radiation transmission of the beam 
and the potential for equipment failure. The nomi-
nal hazard zone is usually contained within the 
room but may extend through open doors or trans-
parent windows, depending on the type of laser 
used. It is the LSO’s responsibility to define the 
NHZ and ensure that the proper safety practices 
are adhered to in the NHZ.

The appropriate warning signs posted at every 
entryway into the laser treatment controlled area 
should define the NHZ. The symbols and wording 
on the warning sign should be specific for the 
type of laser in use and designed according to the 
information described in the ANSI standard for 
the Safe Use of Lasers in Health Care Facilities.

Windows and viewing areas should be limited 
because the NHZ may reach beyond the room in 
which the laser is in use. Additional safety con-
trols, such as closing doors and covering win-
dows with applicable filters or barriers or 
restricting traffic, may need to be implemented 
depending on the laser used. Screens, curtains, or 
a blocking barrier may be placed near entryways 
to avert laser radiation.

Only authorized persons (including patient), 
approved by the laser safety officer, should be in 
the vicinity of the nominal hazard zone. Only 
authorized laser operators (that have been dele-
gated specific responsibilities by the laser safety 
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officer) may operate a laser. An authorized laser 
operator is a person trained in laser safety and 
approved by the facility to operate the laser. This 
person is responsible for the safety of the equip-
ment and the treatment environment in the nomi-
nal hazard zone. They must remain at the laser 
control while the laser is in use. Their responsi-
bilities include:

• Assessing procedure needs including anesthe-
sia needs, type of laser, and accessory 
equipment.

• Performing equipment checks prior to use 
including accessories, operation, and safety 
equipment to ensure safe working conditions.

• Ensuring safety controls for all personnel 
(including the patient) in the treatment area, 
such as wearing appropriate eyewear.

• Displaying appropriate signage.
• Setting the laser wattage and exposure appro-

priately and monitoring activation of the laser 
and observation of team members for breaks 
in safety.

• Completing a safety checklist and optional 
laser log.

All healthcare personnel in the vicinity of the 
nominal hazard zone should be trained in implemen-
tation of all laser safety precautions to avoid inadver-
tent exposure to laser hazards. All personnel, 
including the patient, within the NHZ should use 
appropriate personal protective equipment (PPE).

14.7  Maintenance and Service

Preventative maintenance should be done every 
6  months. Only properly educated, trained, and 
approved technicians should be allowed to work on 
the laser or handle the electrical components [5].

14.8  Protective Equipment

14.8.1  Eye Protection

The eye is the organ that is most susceptible to 
laser injury. The optics of the eye can concentrate 

and focus laser light, at wavelengths ranging 
from 400 to 1400  nm, on the retina which 
increases the potential ocular hazard. Ultraviolet 
and far-infrared wavelength regions (outside 
400–1400  nm) principally produce corneal 
effects. Also, laser radiation at certain wave-
lengths may cause damage to the lens of the eye 
[6]. Appropriate laser safety eyewear filters out 
the hazardous wavelength of laser radiation. In 
addition to direct exposure from misdirected and 
damaged fibers, scattered, diffused, and reflected 
laser beams can cause eye injuries. Laser protec-
tive eyewear may include goggles, face shields, 
prescription glasses with special filters or coat-
ings and corneal shields.

The patient’s eyes and eyelids should be pro-
tected from the laser beam by appropriate meth-
ods when the eyes are in the NHZ.  Protective 
methods may include wet eye-pads, laser protec-
tive eyewear, or laser-specific eye shields. 
Corneal eye shields may be necessary when gog-
gles or glasses interfere with the laser treatment.

All personnel in the nominal hazard zone 
should wear protective eyewear that is labeled 
with the appropriate optical density and wave-
length while the laser is in use [1]. Ocular haz-
ards may transpire during operational pre-testing 
of the laser to confirm beam alignment and cali-
bration. Potential for ocular hazards is also pres-
ent during fiber-optic procedures as a result of the 
fiber becoming disconnected or breaking. Both 
instances also require protective eyewear to be 
utilized to prevent exposure of the eye. Protective 
eyewear should be available outside the room 
near the posted warning signs designating the 
specific type of laser in use. For optimal protec-
tion, inspect eyewear for pitting, cracking, dis-
coloration, coating damage, frame condition, and 
light leaks [1]. If any of these are present, the eye-
wear is considered inadequate for eye protection 
and should be discarded.

14.8.2  Skin Protection

Whenever there is a potential hazard of thermal 
burns from high-powered lasers, all persons in 
the laser treatment area should be protected from 
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the laser beam exposures to their skin and other 
non-targeted tissues. Overexposure to ultraviolet 
radiation can lead to skin sensitivities or even 
burns from direct or reflected laser energy [1]. 
Surgical gloves, tightly woven fabrics, and flame- 
retardant material, depending on the laser being 
utilized, may provide skin protection. Protection 
of exposed tissues around the operative site may 
be accomplished by covering the areas with 
saline-saturated or water-saturated, fire/flame- 
retardant materials (e.g., towels, sponges, drapes, 
fabrics). These materials must remain moist to 
absorb or disperse the energy of the laser beam. 
Polypropylene or plastic drapes can melt if a 
laser beam strikes them and woven or non-woven 
fabrics can be ignited. Laser handpiece or fibertip 
should be covered with a moist towel or sponge 
to minimize the potential for a fire (2).

14.9  Laser Safety and Training 
Programs

A laser safety program establishes and maintains 
policies and procedures to ensure control of laser 
hazards. Laser safety programs policies and pro-
cedures should include, but are not limited to, the 
following:

• LSO guidelines defining the authority and 
responsibility for evaluation and control of 
laser hazards. A laser committee may need to 
be developed when increased laser usage 
necessitates maintaining enforcement of SOPs.

• Criteria and education for procedures for all 
personnel working in a nominal hazard zone. 
All personnel working with lasers should 
attend laser safety education courses 
periodically.

• Credentialing and clinical practice privileges 
of the medical staff are the facility’s responsi-
bilities. Credentialing should be for specific 
laser procedures with specific laser types.

• Implementation of laser hazard control 
measures.

• A continuous quality improvement program to 
include appropriate use and maintenance of 

equipment, management and reporting of 
accidents as well as prevention.

A laser program should be established specific 
for the laser wavelength and specialty, for a facil-
ities specific laser(s) and for specific to the proce-
dures being performed in the facility, must be 
implemented. The program must comply with 
applicable standards and regulations covering all 
procedures necessary to provide a safe environ-
ment. Personnel should demonstrate and com-
plete competency skills periodically.

14.10  Medical Surveillance

Medical Surveillance referes to the baseline eye 
exams on all personel prior to entering the NHZ. 
Baseline eye exams are no longer required and are 
referenced in ANSI 136.1 (1). If an occurrence is 
thought to occur, an immediate evaluation to 
determine the extent of exposure should be com-
pleted. Surveillance is specific to the personnel 
category and the known risks associated with the 
particular laser operated. Personnel categories are 
broken into laser personnel who routinely work in 
the NHZ and incidental personnel who are 
unlikely to be exposed to laser energy (e.g., custo-
dial, supervisory, clerical). Surveillance may be 
required to assess a level of visual performance to 
assist in the evaluation of laser damage in the case 
of inadvertent exposure to the eye. Surveillance 
can also identify those individuals that may be at 
risk from ultraviolet hazards, specifically to the 
skin. Laser accidents must be documented to 
define the need for further evaluation of the 
injured person.

14.11  Non-beam Hazards

Hazards other than directly related to exposure to 
the laser (e.g., eye, skin, and other tissues) are 
known as non-beam hazards. Potential hazards 
related to non-beam hazards are diverse and the 
LSO must determine the appropriate control 
methods to be implemented. Evaluations of the 
hazards may necessitate the need to enlist the 
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assistance of safety and/or industrial hygiene per-
sonnel from OSHA.

14.11.1  Electrical Hazards

Lasers contain high-voltage electrical circuits 
that may lead to shock, electrocution, or fire. 
Injuries from these types of hazards are some of 
the leading causes of laser-related accidents and 
deaths. Potential electrical hazards from dam-
aged electrical cords, faulty grounding, lack of 
compliance with training programs, and inade-
quate or inappropriate use of Lockout/Tagout 
procedures can be prevented by adherence to 
SOPs of the facility. Visual inspection of the laser 
including electrical, plumbing, accessory equip-
ment, delivery systems, gas supply, and sterile 
draping prior to use may prevent injuries from 
occurring. Observance of general electrical safety 
(e.g., no fluids placed on or near lasers, extension 
cords not used to power lasers) will also support 
the maintenance of safety.

14.11.2  Smoke Plume

Vaporization of tissues may release toxic sub-
stances (e.g., acetone, isopropanol, toluene, 
formaldehyde, metal fumes, and cyanide), 
including carcinogens and viruses, from the cells. 
This laser plume contains water, carbonized par-
ticles, mutated deoxyribonucleic acid (DNA), 
and intact cells (1). At certain concentrations, 
ocular, upper respiratory tract irritation and 
unpleasant odors may transpire. These substances 
should not be inhaled, thereby initiating the need 
for some type of smoke evacuation system to be 
utilized to prevent personnel and the patient from 
inhaling plume. Removal of plume will also 
enhance the visualization of the surgical/treat-
ment site and may prevent the laser beam from 
potentially be reflected.

Smoke plume inhalation should be reduced to 
a minimum by utilizing multiple controls. These 
controls may include the use of high-filtration 
masks, wall suction units with in-line filters, and 
smoke evacuators. High-filtration masks should 

be used in conjunction with other controls and 
not as a sole means for protection. Masks should 
fit securely and filter to a .1 micron filtration. 
Masks are not the first line of defense with the 
creation of laser smoke and engineering controls 
should be implemented (3). Wall suction systems 
may be used when the generation of a minimal 
amount of plume is expected, such as laparo-
scopic cases. Wall suctions generate low suction 
rates and are designed for fluids, and thus an in-
line filter should be used to collect particulate 
matter. A mechanical smoke evacuator or suction 
with a high-efficiency filter should be used when 
a large amount of laser plume is expected. These 
systems should be turned on simultaneously with 
the activation of the laser energy and placed as 
close as possible to the laser site. Standard pre-
cautions (gloves and mask) should be taken when 
using lasers, as well as when handling contami-
nated filters due to the amount of potential con-
taminants generated.

14.11.3  Fire and Explosion Hazards

Lasers are an ignition source and the protection is 
not limited to the patient but the staff, physicians 
and anesthesia (6). Fire is a potential hazard that 
can have devastating consequences. Laser energy 
can ignite flammable liquids, solids, and gases. 
Fire occurring with these types of materials most 
often occurs outside the patient, but fires can 
occur inside of the patient. Becoming aware of 
the safeguards and adherence to them can protect 
the patient as well as healthcare personnel.

Personnel should be aware of the items that 
have a potential for causing fire, burns, or explo-
sions. These may include surgical drapes, endo-
tracheal tubes, paper or gauze materials, gases 
(e.g., oxygen, methane, anesthetic gases), and 
flammable liquids or ointments (e.g., skin prep 
solutions, oil-based lubricants) (4). Water or 
saline and fire extinguishers should be readily 
available where lasers are used.

Methane gas from the anus or large bowel 
should be prevented from entering the area where 
laser energy is dispersed by covering the area 
with wet towels or packing the anus with wet 
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gauze or packing. Prep solutions should be non-
flammable [1]. Any compound or solution con-
taining alcohol (e.g., Hibiclens, chlorhexidine, 
tape removers, degreasers, benzoin, tinctures) 
can ignite from contact with laser energy. Alcohol 
vapors should not be allowed to accumulate 
under drapes. Overheating of iodoforms, which 
are to pool on or around the skin, or aerosolized 
povidone-iodine can lead to flash fires when laser 
energy is utilized.

Oxygen concentration in the room should be 
kept to a minimum. The anesthesia provider 
should be aware of the hazards of oxygen leaking 
from around a patient’s face mask. They should 
be prepared to turn off the free flow of oxygen.

14.12  Specialty Procedures

14.12.1  Endoscopy

14.12.1.1  Fiber Optic Delivery
When a fiber is used to deliver laser energy, 
whether through a flexible or rigid endoscope, 
the fiber should extend beyond the end of the 
endoscope. This will prevent laser beam expo-
sure with the sheath. Endoscope lenses can be 
easily damaged resulting in lens pitting or even 
shattering. The endoscope sheath may become 
overheated if the laser energy is activated while 
still within the sheath, resulting in thermal dam-
age not only to the scope but also potentially to 
the adjacent or surrounding tissues.

14.12.1.2  Coupling Arm
There are automatic shut-off features incorpo-
rated into laser equipment. There is no protection 
from inadvertent beam delivery if the arm 
becomes unattached; therefore the laser operator 
must make certain the coupled attachment is 
secured.

14.12.2  Bronchoscopic Couplers

Couplers used with the CO2 laser in adjunct 
with bronchoscopy must have an optical system 
that allows the visible aiming beam to pass co-

axially with the invisible CO2 laser beam. Burns 
to the patient’s trachea, larynx, pharynx, and 
oral cavity have occurred as a direct result of the 
misaligned beam.

14.12.2.1  Airway
Guidelines to minimize the risks associated with 
lasers and other energy modalities should be 
incorporated into the OR team’s practices. There 
are various types of laser-dedicated tubes. The 
type of laser wavelength utilized dictates the 
brand of endotracheal tube used. Some tubes 
have FDA clearances for specific wavelengths of 
lasers. The red Rusch™ reusable tube wrapped in 
the 3 m foil tape is not approved for laser usage. 
The Rusch™ tube is an evolved practice for 
which there are articles published in the medical 
literature stating this is an acceptable tube in the 
beginning of laser ENT airway applications, but 
with the advent of new FDA approved laser tubes 
for specific wavelengths, this wrapped tube 
should not be used. The PVC endotracheal tube is 
contraindicated with laser airway procedures 
when the tube is in direct contact with the laser 
beam. PVC material is very flammable and the 
by-products are hydrochloric gas and in the pres-
ence of fluid, hydrochloric acid. There are no 
laser-resistant tubes presently on the market. All 
tubes under pressure are explosive.

The cuff of the endotracheal tube should be 
instilled with normal saline or water and methy-
lene blue dye is optional. The saline or water will 
serve as an extinguisher and the methylene blue 
dye as an indicator that the cuff has been 
breached. The endotracheal tube cuff is hit 2% of 
the time even when lasers are utilized by the best 
technicians.

Water-soluble lubricant is indicated if a laser 
is used. Petroleum-based lubricant is flammable, 
and therefore contraindicated.

14.12.2.2  Anesthetic Choice
Considerations should be taken when choosing 
the appropriate anesthetic agent. No one anes-
thetic technique is used to the exclusion of others. 
Helium and compressed air are acceptable gases 
to use on airway laser procedures. Helium gas is 
less dense and has the ability to flow through 
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compromised airways easier than compressed 
air. Helium will also retard burning, but the risks 
of delivering hypoxic levels can be a problem. 
Pulse oximetry should always be utilized with 
helium gas delivery. Nitrous oxide is contraindi-
cated in upper airway laser surgery. Nitrous 
oxide, in the presence of oxygen, will present as 
if 100% oxygen is being delivered. Other flam-
mable anesthetics need to be considered with 
laser airway procedures. The FIO2 of the oxygen 
range should be no higher than 30%. Above the 
30% range supports combustion. ASA 
recomemends the protocol and is dictated by the 
clinical status of the patient (1).

14.12.3  Airway Fire Management

Before any laser airway procedure, staff should 
familiarize themselves with the procedural steps 
to managing an airway fire. The steps are out-
lined in Table 14.2.

During head and neck surgeries, the patient is 
mechanically ventilated in the majority of the 
procedures. If precautionary protocols are not 
followed and instantaneous action not taken if 
an airway fire occurs, hot gases can be forced 
deep into the lungs, causing extensive injuries. 
Seconds of indecision or confusion can cause 
irreparable damage or death to the patient. The 
avoidance, recognition, and management of air-
way procedures, as well as the collaborative 
communication between the operating team, are 

essential in increased patient safety and 
improved care.

14.13  Lasers Used in Radiology

Lasers are extensively utilized in many surgical and 
medical specialties, and in only the last 15 years 
there has been an increase in laser applications with 
radiologic services. The more commonly used 
lasers are diode lasers in the spectrum of 800–
1100 nm. Endovenous laser therapy is a treatment 
of varicose veins and the diode laser is the predom-
inate laser used. The laser is delivered via a fiber 
optic with depth gauges located on the fiber. This 
allows the physicians to advance the fiber to the 
location needed to treat the varicose vein.

Another wavelength of laser used for interven-
tional approaches is the Holmium Yag laser 
(Ho:YAG) at 2100–2140 nm. The laser has a low 
penetration and is pulsed, so the depth of penetra-
tion does not exceed the original pulse. The 
Holmium Yag laser has specific dosimetry when 
used for laser discectomy, so overtreatment of the 
disc space does not occur. Fluoroscopy is deliv-
ered with 2 C-Arms to set the trajectory of the 
protruding disc. The laser fiber is directed through 
a metal spinal needle and the energy shrinks the 
disc relieving pressure on the nerve.

The Holmium Yag laser has also been used to 
break up gall bladder stones in conjunction with 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP). The Holmium fiber optic catheter is 
introduced through a specially designed ECRP 
scope. The Holmium laser fiber is advanced 
through the working channel of the SpyScope 
catheter™ (Boston Scientific).

Cardiovascular applications, e.g., excimer laser 
coronary atherectomy (ELCA) and for the treat-
ment of peripheral arterial disease (PAD), have 
increased over the last decade. Excimer is the short 
of “excited dimer,” which means a compound of 
two identical species that exist only in excited 
states. The excimer lasers use the noble gas com-
pounds (argon, krypton, or xenon) with a reactive 
gas (fluorine or chlorine) for lasing. The excimer 
commonly used for cardiovascular applications is 
the 308 nm wavelength. With 308 nm excimer laser 

Table 14.2 Steps to manage an airway fire

1.  Stop the gas flow to the tube: disconnection of the 
breathing circuit is the quickest method of stopping 
the gas flow

2.  Extinguish the fire with water/saline. The operating 
room staff and anesthesia should have water/saline 
readily available on the operating room back table 
and anesthesia cart. Removing the tube without 
extinguishing the fire will allow the tube to continue 
to burn on extubation

3.  Access of the bronchoscopes and tracheostomy trays 
should be readily available. The location of the 
instruments should be established prior to any airway 
procedure. Failure to remove any pieces of the tube 
will allow the tube to continue to burn in the patient
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light is delivered to the tissue with a fiber optic 
catheter, in a liquid environment. Because it is a 
pulsed laser there is not enough time to compound 
the heating element as with continuous-on lasers.

14.14  Conclusion

It is important to understand that regardless of the 
clinical setting the presence of laser equipment 
creates a need for unique control measures and 
work practice controls to be developed and 
implemented. Whether your setting is a small 
clinic, a doctor’s office, or a large hospital, laser 
safety is not the responsibility of one individual, 
but the obligation and duty of everyone involved 
in the laser surgery process. All personnel 
involved in the care of a patient may be in the 
vicinity of the nominal hazard zone and thus 
should be educated appropriately to maintain a 
safe environment for patient care. A well- 

developed laser safety program that is developed 
according to the ANSI Z136 series can assure 
safety when implemented properly. When every-
one knows the fundamentals of maintaining a 
laser-safe environment, risk of accidents, result-
ing from ignorance or noncompliance with pol-
icy, is greatly reduced. Two related links are 
provided for additional reading (see Table 14.3).
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Minimally Invasive Image-Guided 
Procedures

Margaret M. Doherty-Simor

15.1  Introduction

The first significant advances that forged mini-
mally invasive image-guided procedures (MIIPs) 
date back to the early 1950s and 1960s. In 1953, 
a Swedish-born physician first published a tech-
nique he pioneered that is known to this day as 
the “Seldinger technique” for accessing blood 
vessels without a surgical cut-down [1–4]. A 
decade later, Dr. Charles Dotter published his 
experience using this technique by introducing a 
series of dilating catheters to treat an atheroscle-
rotic lesion in a femoral artery, a technique which 
became known as “Dottering” [5, 6]. In contrast 
to minimally invasive surgery, MIIPs do not use 
cameras inside the body. Instead, MIIPs utilize 
medical imaging technologies such as fluoros-
copy, computed tomography (CT), magnetic res-
onance imaging (MRI), and ultrasound (US) to 
see inside the body from the outside avoiding the 
need for multiple larger incisions required to 
place cameras and surgical instruments into the 
body. Most procedures are performed on an out-
patient basis or require a hospital stay that is con-
siderably shorter than that following an open 
surgical procedure. General anesthesia is not usu-
ally required which makes MIIPs safer for 
patients with multiple comorbidities. In select 

cases, general anesthesia can be helpful or 
required, as in very lengthy, complex, or poten-
tially painful procedures. Nurse-administered 
moderate sedation is usually utilized to keep the 
patient comfortable while maintaining their abil-
ity to respond to commands and protect their air-
way. MIIPs provide many benefits to patients and 
to the facilities that provide these services. 
Procedures may be performed on an outpatient 
basis using moderate sedation with recovery 
times that are significantly reduced. MIIPs are 
less invasive and less painful than open surgery, 
as they are performed through a very small hole 
that requires little or no stitches with significantly 
less scarring. The use of targeted image-guided 
treatment results in higher levels of safety and 
efficacy and reduces the risk of infection. By 
avoiding traditional surgery, reductions to the 
length of stay after procedures, improved patient 
outcomes, the ability to resume normal activities, 
and return to work sooner result in a reduction in 
costs for both the patient and the hospital. MIIPs 
contribute to higher patient satisfaction.

15.2  Principles

15.2.1  Evolution of Interventional 
Radiology as a Specialty

The practice pattern of interventional radiologists 
(IR) has evolved over the years since Dr. Charles 
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Dotter performed the first percutaneous translu-
minal angioplasty (PTA) successfully dilating a 
tight stenosis of a superficial femoral artery on 
January 16, 1964. An 82-year-old female was suf-
fering from painful gangrenous toes and refused 
to undergo an amputation [5, 6]. After the inter-
vention, her pain subsided and she ultimately 
walked out of the hospital. Dr. Dotter was the first 
to lecture that the future of diagnostic angiogra-
phy would not only provide an exact diagnosis 
but, in fact, would provide the means by which 
angiographers would be able to treat patients per-
cutaneously with catheters and guide wires [5]. 
During the 1970s, the early pioneers applied their 
techniques to other conditions and expanded the 
indications for percutaneous procedures resulting 
in the introduction of coronary PTA, vena cava 
filters, and the use of the first micro coils and 
polyvinyl alcohol (PVA) for embolization in treat-
ing gastrointestinal bleeding. The early coronary 
balloon catheters were used to dilate peripheral 
arteries and an industry was born with multiple 
medical device companies improving upon the 
technology facilitating the expansion of MIIPs 
into other areas of the body. By the late 1980s, 
bare metal balloon-expandable stents became 
available for treating benign and malignant stric-
tures in the biliary tree as well as coronary and 
peripheral vascular lesions. Patients with end-
stage liver disease with significant morbidity suf-
fering from esophageal bleeding and intractable 
ascites were very poor candidates for open sur-
gery. These stents provided the solution to man-
age these patients as IRs were able to 
percutaneously create an internal shunt between 
the portal vein and hepatic vein, thus decompress-
ing the liver preventing further bleeding and elim-
inating ascites. Catheter techniques learned from 
the treatment of gastrointestinal bleeding are used 
today in the treatment of liver cancer to deliver 
chemotherapy and radioactive spheres. 
Throughout the course of its history, IR has moved 
away from a diagnostic specialty to a clinical 
practice model. Increasingly, patients are being 
seen in clinic for evaluation and informed consent 
prior to admission for procedures. Advanced level 
practitioners often are found in clinics providing 
evaluation through history and physical exams 

and ordering pre-procedure testing, educating 
patients about a procedure and obtaining con-
sents, and performing follow-up for patients. At 
some facilities radiologists may have admitting 
privileges should the patient need a 24-h stay or 
an overnight admission following a procedure. 
Advanced practice providers often are involved in 
the follow-up care of admitted patients.

In 2017, IR gained official specialty status from 
the American Board of Medical Specialties 
(ABMS). The Society of Interventional Radiology 
has outlined IR training options [7] (see https://
www.sirweb.org/learning-center/ir-residency/). As 
IR became more clinically oriented and patient 
acuity increased, more clinical radiology nurses 
were needed to care for the procedure patients, 
pre-, intra-, and post-procedure. The need for more 
radiology advanced practitioners has also 
increased. The Association for Radiologic and 
Imaging Nursing (ARIN, www.arinursing.org), 
which supports radiology nurses via education and 
networking, has grown in response to the needs of 
all radiology, especially IR (see Chaps. 1 and 2 for 
more information about the role of the advanced 
practice nurse in radiology).

15.2.2  The Interventional Initiative

The Interventional Initiative (the II, http://theii.
org/miips/procedures) is a 501c3 not-for-profit 
charitable organization founded in 2015 by physi-
cians, patients, and allied healthcare professionals 
who recognized a healthcare knowledge gap 
between the public and the availability of MIIPs.

It has been estimated that in the USA only 
12% of adults have proficient health literacy, 
which means that nearly nine out of 10 adults 
may not have the skills needed to make informed 
decisions around their healthcare needs and 
choices [8]. What is striking is that according to 
the U.S. Bureau of Labor Statistics 12.2% of the 
nation’s workforce reside in the healthcare indus-
try, so a large percent of those who are deemed 
proficient likely are healthcare workers such as 
physicians, nurses, and allied health profession-
als [9] (https://www.bls.gov/emp/tables/employ-
ment-by-major-industry-sector.htm).
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A study published by members of the II in 
2017 found that 65% of radiology department 
outpatients in a single hospital setting had no 
prior knowledge of IR [10]. A survey of the gen-
eral public found that 72% could not identify an 
interventional radiologist as a physician. 
Understanding that internet searches are one of 
the primary methods used by the public to learn 
about disease and treatment options, the authors 
also evaluated the activity of internet searches 
and IR-related coverage in the media and com-
pared findings to those of medical specialties that 
also perform MIIPs such as cardiologists, vascu-
lar surgeons, and nephrologists and found that 
they were markedly lower.

Low health literacy coupled with a lack of 
knowledge of interventional radiology high-
lights the needs to engage the public about 
MIIPs providing education about the full 
breadth of diseases treated and empowering 
them to take an active role in their healthcare 
decision-making. Despite the general lack of 
awareness of IR, Heister and colleagues found 
that the majority of patients would prefer a MIIP 
to open surgery, especially if it is recommended 
by their physician [10]. It is therefore impera-
tive that MIIPs providers make available oppor-
tunities to educate their referring physicians 
about the services they provide.

The II supports the beliefs that patients who are 
empowered to make informed healthcare decisions 
will have better outcomes [11]. The II produces 
informative content at the sixth grade health literacy 
level delivering it through a variety of platforms 
including visually engaging infographics, medical 
animation, and short- format video podcasts titled 
“Behind the Scrubs” and “Ask an IR.” The docu-
mentary series “Without a Scalpel” (http://www.
theii.org/the-docuseries) provides a glimpse inside 
MIIPs from both the patient and the interventional 
radiologist perspectives. The Centers for Disease 
Control (CDC) offers a variety of online health lit-
eracy courses including topics such as writing and 
speaking with the public [12]. For a list of courses 
see https://www.cdc.gov/healthliteracy/gettraining.
html?CDC_AA_refVal=https%3A%2F%2Fwww.
cdc .gov%2Fhea l th l i t e racy%2Fwr i t ing -
course%2Findex.html.

15.3  Description of Techniques 
and Indications

15.3.1  Percutaneous Access

The Seldinger technique provides the foundation 
of both percutaneous vascular and nonvascular 
access [1]. A small gauge needle is used to punc-
ture a blood vessel, organ, or anatomical space. A 
guide wire is then threaded through the needle, 
the needle is withdrawn, and a catheter is then 
threaded over the guide wire. The guide wire is 
removed and contrast is injected to verify that the 
catheter is in the correct location. For vascular 
cases, common femoral artery access is often 
preferred. However, the transradial approach for 
both diagnostic and interventional procedures 
has gained popularity due to resulting shorter 
procedural recovery times and hospital stays, 
possible reductions in access-site complications, 
and improved patient satisfaction due to the abil-
ity to ambulate sooner.

15.3.2  Imaging Equipment

Improvements in the imaging equipment 
designed specifically for the angiography suite 
incorporating C-arm technology and digital sub-
traction angiography (DSA) and adoption of low 
and iso-osmolar contrast media to improve visi-
bility have significantly improved the patient 
experience and procedural success. DSA is a 
technique used in MIIPs to allow the interven-
tionalist to clearly visualize blood vessels that are 
in close proximity to bone or within dense soft 
tissue environments. This is accomplished by 
digitally subtracting an image that was acquired 
before contrast came into contact with the area 
under investigation. DSA decreases the proce-
dure time, radiation dose, and the amount of 
 contrast required. Three-dimensional (3D) tech-
nologies include “road mapping” which allows 
the interventionalist to overlay a DSA- acquired 
image of the area to be treated or integrate a 3D 
“reconstructed” image of structures attained dur-
ing rotational angiography, CT or MRI over live 
images to help navigate guide wires and catheters 
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across complex lesions or vascular structures. 
See Table 15.1 for a list of equipment and sup-
plies utilized in a typical IR procedure.

15.3.3  Vascular Interventions

“Lower extremity PAD is a common cardiovas-
cular disease that is estimated to affect approxi-
mately 8.5 million Americans above the age of 40 
and is associated with significant morbidity, mor-
tality, and quality of life impairment. It has been 
estimated that 202 million people worldwide 
have PAD” [13] (https://www.ahajournals.org/
doi/full/10.1161/CIR.0000000000000470). 
Vascular intervention is not limited to the lower 
extremities. The same techniques for accessing 
blood vessels in the lower extremity are used to 
provide interventions in the brain, chest, and 
abdomen. See Table  15.2 for a list of common 
vascular intervention procedures.

15.3.3.1  Balloon Angioplasty
Percutaneous balloon angioplasty is utilized to 
open a blood vessel and is performed utilizing a 
catheter with a balloon mounted on the distal 
end. Once inflated, the balloon will open a 
blocked or narrowed blood vessel by stretching 
the walls of the vessel. However, the resulting 
injury to the vessel may lead to an inflammatory 
response known as intimal hyperplasia which has 
been shown to cause narrowing in the vessel or in 
the stent, called in-stent restenosis [14, 15]. 
Subsequent endothelial growth may necessitate 
later interventions such as angioplasty, stenting, 

or surgical bypass. A number of therapies are 
available to use in conjunction with or as an alter-
native to angioplasty in an effort to minimize the 
incidence of in-stent restenosis including drug- 
coated balloons, drug-eluting stents, and atherec-
tomy [16, 17].

15.3.3.2  Endovascular Stents
Stents are permanent tubes made of metal mesh. 
Stents are deployed to open vessels that do not 
respond sufficiently to angioplasty. Stents can be 
self-expandable, which have the benefit of exert-
ing high radial force, or balloon-expandable, 
which have the benefit of precise placement. 
Stents can be bare metal or covered. Stents cov-
ered by material such as polytetrafluoroethylene 
(PTFE) are called stent grafts. Stent grafts create 
a barrier to intimal hyperplasia and leaks. They 
are commonly used to treat aneurysms in the iliac 
arteries and abdominal aorta. The choice of stent 
size, deployment, and type depends on the indi-
cation and anatomy (Fig. 15.1).

15.3.3.3  Transcatheter Arterial 
Embolization

Embolization is the intentional closure of a bleed-
ing or diseased blood vessel using any of a vari-
ety of materials delivered through a catheter. 
Embolization techniques were first utilized by 
interventional radiologists in the early 1970s to 
treat gastrointestinal bleeding and spinal vascular 
malformations [2]. Embolic agents include small 
particles, coils, plugs, and glue. The choice of 

Table 15.1 Equipment/supplies

Puncture needle
Guide wire(s)
Introducer sheath/peel-away sheath
Syringes
Contrast media
Power injector
Diagnostic catheter(s)
Guiding catheter(s)
Balloon catheter(s)
Stent(s)
Vascular closure device (VCD)

Table 15.2 List of common vascular interventions

Balloon angioplasty
Central line placement
Dialysis graft or stent maintenance
Foreign body retrieval
Inferior vena cava (IVC) filter placement
IVC filter removal
Mechanical thrombectomy
Stent and stent graft placement
Thrombolysis
Transarterial embolization
Transjugular intrahepatic portosystemic shunt (TIPS)
Transjugular biopsy
Vein ablation
Vein embolization
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agent depends on several factors: the vascular ter-
ritory to be treated, the type of abnormality being 
treated, the possibility of superselective delivery 
of an occlusive agent, the goal of the procedure, 
and the permanence of the occlusion [18, 19]. 
Careful placement of the correct catheter is 
essential to decrease the risk of complications 
from embolization of nontarget vessels.

15.3.3.4  Vascular Closure Devices
Manual compression of the vascular entry site 
can be utilized to achieve hemostasis. A mechani-
cal device can be used to maintain pressure but 
should be attended by personnel who can verify 
correct placement without slippage of the device 
and possible hemorrhage. Compression of arte-
rial access points typically takes 20 min whereas 
compression of venous access site typically takes 
less than 5 min. After arterial access, patients are 
required to stay on bed rest with the affected limb 
immobilized for a length of time depending on 
the point of access. All manufacturer recommen-

dations should be followed after deployment of a 
vascular closure device. Some products include a 
“sticker” of identification that can be temporarily 
placed at the puncture site to inform staff of the 
device used. There has been a shift from the fem-
oral artery access to the radial artery approach 
(see Chap. 9); however, a percentage of cases will 
require a crossover to the femoral approach either 
due to failed radial access or to perform an inter-
vention. The utilization of vascular closure 
devices provides an alternative to manual com-
pression with the benefit of shorter time to hemo-
stasis and ambulation [20, 21].

15.4  Nonvascular Interventions

Nonvascular MIIP treatments have emerged as an 
alternative to open surgery through the applica-
tion of techniques that were utilized in the early 
vascular MIIPs. MIIPs can be performed on 
essentially any organ or location in the body, 

1 2 3

Fig. 15.1 Seventy-one-year-old male with claudication 
due to narrowing in the superficial femoral artery (SFA). 
Image 1 shows percutaneous balloon angioplasty of 

SFA.  Image 2 shows a metal stent with guide wire in 
SFA. Image 3 with contrast flow through SFA stent

15 Minimally Invasive Image-Guided Procedures
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depending on the disease process and the patient’s 
clinical presentation including laboratory workup 
and imaging findings. Under real-time imaging 
guidance, IRs insert a small gauge needle into the 
structure of interest, such as dilated biliary ducts, a 
dilated ureteral system, or a pocket of abnormal 
fluid. Once placement is confirmed fluid is aspi-

rated. If the fluid is infected or expected to recur, a 
catheter can be inserted to provide external drain-
age (Fig. 15.2). In the case of biliary or ureteral 
obstruction, temporary drainage catheters can be 
exchanged for chronic or permanent stents to treat 
benign and malignant strictures. See Table  15.3 
for a list of common nonvascular interventions.

1 2

3 4

Fig. 15.2 Sixty-eight-year-old male with pancreatic can-
cer. Image 1 shows percutaneous transhepatic cholangio-
gram using a left side or anterior approach with contrast 
filling of left biliary duct. Image 2 shows further filling of 
the biliary tree, gall bladder with flow into the duodenum. 

Image 3 shows guide wire through left biliary duct, com-
mon bile duct into duodenum. Image 4 shows an internal/
external biliary drainage catheter. The drainage catheter 
has side holes that allow bile to drain internally to the duo-
denum and externally to a drainage bag

M. M. Doherty-Simor
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15.5  Interventional Oncology

Interventional oncology (IO) is a subspecialty of 
IR that utilizes image guidance for cancer care 
across the continuum. This includes diagnosis 
through biopsy, MIIPs such as ablation and embo-
lization, and the palliation of symptoms such as 
those which accompany obstructive jaundice with 
biliary drainage and stenting. Ablation and embo-
lization procedures allow for selective targeted 
distribution of therapy to cure or control the spread 
of tumors, relieving symptoms while sparing nor-
mal organ tissue, preserving organ function and 
causing as little collateral damage to nearby struc-
tures and minimizing the body’s exposure to ther-
apy, as in systemic approaches [22, 23].

15.5.1  Tumor Ablation

Ablations are accomplished through the image- 
guided delivery of energy via a probe inserted 

directly into the tumor to destroy the tissue in situ 
through cytotoxic high or low temperatures to either 
burn or freeze the tumor using US or CT guidance. 
Success is dependent upon the size of the tumor and 
the accessibility of the probes. The most common 
forms of ablation are radiofrequency ablation 
(RFA), microwave ablation (MWA), cryoablation, 
and high-intensity focused ultrasound (HIFU).

15.5.2  Tumor Embolization

The two most common forms of IO embolization 
are transarterial chemoembolization (TACE) and 
transarterial radioembolization (TARE). In both 
procedures, a small catheter is carefully placed 
into the artery feeding the tumor and small parti-
cles are delivered. In TACE, the small particles 
are either mixed with or conjugated to chemother-
apy agents. Iodinated poppy seed oil, which treats 
liver cancer and is also visible on fluoroscopy and 
CT, may or may not be included in TACE. Real-

Table 15.3 Common nonvascular interventions

Percutaneous biopsy Abdominal
Lung and mediastinum
Neck

Percutaneous ablation (alcohol, heat-based 
[radiofrequency or microwave ablation], Cryoablation)

Liver, lung, kidney, bone

Percutaneous abscess and fluid collection/drainage Throughout the body
Biliary duct intervention Percutaneous transhepatic cholangiography

Biliary drainage for benign and malignant obstructions
Common bile duct stent placement

Gallbladder intervention Percutaneous cholecystostomy
Percutaneous cholecystolithotomy
Gall bladder ablation

Percutaneous genitourinary intervention Percutaneous nephrostomy, nephroureteral stent, or ureteral stent
Percutaneous lithotripsy and nephrolithotomy
Percutaneous stent placement and removal
Ureteral brush biopsy
Ureteral stricture dilatation
Suprapubic cystostomy

Musculoskeletal intervention Biopsy
Facet joint infiltration
Percutaneous epidural/nerve root block
Percutaneous kyphoplasty/vertebroplasty/sacroplasty
Thermal ablation of bone tumors

Image-guided breast intervention Breast biopsy
Gastrointestinal tract intervention Percutaneous gastrostomy

Percutaneous gastrojejunostomy
Percutaneous jejunostomy or cecostomy
Stricture dilatation
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time fluoroscopic imaging is used to determine 
when the procedure has successfully disrupted 
blood flow to the tumor(s). In TARE, the micro-
spheres are about ten times smaller than those in 
TACE. The TARE microspheres are loaded with a 
beta-emitting form of radioactivity.

15.6  Patient Considerations

It is important to determine that the planned pro-
cedure is the most appropriate one for the patient. 
The American College of Radiology (ACR) has 
established appropriateness criteria to assist cli-
nicians in determining the right procedure for the 
patient. “The ACR Appropriateness Criteria are 
evidence-based guidelines funded solely by the 
American College of Radiology to assist refer-
ring physicians and other providers in making the 
most appropriate imaging or treatment decision 
for the specific clinical condition. By employing 
these guidelines, providers enhance quality of 
care and contribute to the most efficacious use of 
radiology” [24] (https://www.acr.org/Clinical-
Resources/ACR-Appropriateness-Criteria/
About-the-ACR-AC). The Society of 
Interventional Radiology (SIR) has published a 
number of evidence-based clinical practice 
guidelines with the goal of safeguarding patient 
safety and the delivery of patient care [25]. See 
the following for a list of practice guidelines by 
topic of interest https://www.sirweb.org/practice-
resources/guidelines-by-document-type/
guidelines-by-service-line/.

15.6.1  The American Medical 
Association (AMA) 
Implementation and Clinical 
Decision Support

“Overuse and inappropriate use of many imaging 
tests may cause harm by unnecessarily exposing 
patients to excess radiation; they can also impact 
patient outcomes when incidental findings are 
present and can increase healthcare costs” [26] 
(https://edhub.ama-assn.org/steps-forward/mod-
ule/2702161). Beginning January 1, 2020, in the 

USA, the Protecting Access to Medicare Act 
(PAMA) requires referring providers to consult 
appropriate use criteria (AUC) prior to ordering 
advanced diagnostic imaging services (ADIS) 
including CT, MRI, Nuclear Medicine, and posi-
tron emission tomography (PET) for Medicare 
patients. MIIPs providers will be required to 
include evidence that AUC were used at the time 
of billing otherwise Medicare will not reimburse 
for the services rendered [27]. See the ACR clini-
cal decision support page for further information 
(https://www.acr.org/Clinical-Resources/Clinical-
Decision-Support). Appropriate pre- procedure 
consults should be done to ensure patient safety.

15.7  Complications

MIIP procedures provide less risk than open sur-
gical procedures. However, there is still a poten-
tial for complications that can range from access 
site pain to life-threatening bleeding or respira-
tory complications. Careful planning including a 
review of the patient history and laboratory results 
as well as screening for appropriateness of moder-
ate sedation is essential for the prevention or miti-
gation of complications. Table 15.4 includes a list 
of potential complications arising from MIIPs.

Table 15.4 Complications of MIIPs

Vascular Bleeding
Dissection
Hematoma
Perforation
Pseudoaneurysm
Reocclusion/intimal hyperplasia
Thrombosis
Vasospasm
Off-target embolization

Contrast media Allergic response/anaphylaxis
Renal impairment/failure

Infection/sepsis Iatrogenic
Spread of infection from abscess or 
infected viscus

Over- sedation Respiratory depression
Need for reversal agents

Stroke Embolic
Hemorrhagic

Death
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15.8  Personnel

Radiology nurses are an integral part of the MIIPs 
team which includes the radiologist (or other pro-
vider), technologists, and, when needed, anesthe-
sia personnel. In the case of hybrid procedures, 
other medical specialists may also be involved in 
the procedure. From the advanced practice nurse 
to the clinical nurse, their involvement facilitates 
the planning, performance, patient recovery, and 
follow-up for the procedures.

15.9  Conclusion

MIIPs have emerged through a rich history of 
innovation and disruptive technology that has 
created the opportunity to cure diseases virtually 
through a pinhole. The continued proliferation 
and adaptation of technology to new indications, 
especially to critically ill patients, will provide 
new challenges to nursing to keep step and pro-
vide informed care to patients across the MIIPs 
continuum.
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16.1  Introduction 
and Background

Magnetic resonance imaging (MRI, often just 
termed MR) has been used clinically since the 
early 1980s. MRI is now ubiquitous in our clini-
cal world with nursing requiring more interaction 
and thus more education on MR safety and the 
unique needs of caring for the patient in MRI. To 
understand MR safety, a brief overview of key 
aspects of how an MRI scanner works is neces-
sary. If one understands where danger may occur, 
one will be better prepared to prevent adverse 
events. This chapter will integrate the physics of 
MRI with the dangers that relate to safety and 
how to prevent problems.

16.1.1  What Is MRI?

Although most nurses know MRI as a common 
imaging modality, few actually know what MRI 
actually is, how it works, or why MR safety is 
so complicated. Magnetic resonance imaging is 
actually nuclear magnetic resonance imaging as 

it focuses on the nucleus of the atom. The word 
nuclear was dropped when application for medi-
cal use was being developed as the general pub-
lic associated the word nuclear with radiation 
and being radioactive, a scary entity in the early 
1980s due to the Three Mile Island nuclear power 
plant accident. MR works by exploiting the mag-
netic properties of the nucleus of certain types of 
atoms using magnetic fields and radiofrequency 
energy to create images and other information.

16.1.2  Background Physics 
and Terminology

MR uses a static (main) magnetic field (B0), a 
switching, gradient magnetic field (dB/dt) (the 
audible time-varying field), and a radiofrequency 
time-varying magnetic field (B1), simply referred 
to here as radiofrequency (RF). All of these com-
ponents relate to the risks unique to MR safety. 
This section briefly covers these main concepts 
and additional terms commonly used in MR safety.

To begin our understanding in the phys-
ics behind the MR scanners, let’s start with the 
main magnetic field itself. The main magnetic 
field in MRI is most commonly created accord-
ing to Ampere’s law by sending electric cur-
rent through loops of wires. The magnetic field 
strength is typically measured in units of Tesla 
(T) after Nikola Tesla who explored the rotating 
magnetic field and is credited with the beginnings 
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of  alternating current [1]. The unit of 1 T equals 
10,000  gauss, another magnetic field unit used 
below. Currently, FDA-approved clinical scan-
ners range from approximately 0.02 to 7 T [2].

The magnetic field of the MR scanner has a 
large uniform region in the middle of the magnet 
which drops off with distance from the magnet 
(Fig.  16.1). This is important to know for any 
MR Conditional equipment taken into the scan-
ner room. The lines you may see on the floor of 
your MR scanner room are simply the gauss lines 
demonstrating general levels of magnetic field 
strength to help staff identify the safe limits for 
their MR Conditional equipment. Additionally, 
the rate at which the magnetic field drops 
off over distance or “Spatial Field Gradient” 
(SFG) is important information for various MR 
Conditional devices.

The material properties of any item com-
ing into the scanner room is a point of signifi-
cant concern, particularly ferrous objects. The 
term ferrous refers to an object containing iron. 
However, the related term, ferromagnetic, refers 
to any metal or metal alloy that contains iron, 
nickel, and/or cobalt that can become magnetized 
when exposed to a magnetic field and remain 
magnetized even when removed from the mag-
netic source. Thus, ferromagnetic objects taken 
close to the magnetic field of the MR scanner 
will experience a displacement force that will 
attract them towards the strong magnet field. This 
is commonly referred to as the “missile” effect. 

Ferromagnetic objects in a magnetic field may 
also experience a rotational force that can cause 
long ferromagnetic items to align with the mag-
netic field.

The time-varying gradient magnetic fields 
(dB/dt) create spatially varying magnetic fields 
in the orthogonal planes X, Y, Z. The gradients 
are used to localize position, and thus help define 
field of view, resolution, and slice position and 
help with acquiring certain types of image con-
trast. We can hear the gradients because the fre-
quency of operation is in the audible range. The 
term dB/dt is defined as the ratio between the 
change in amplitude of the magnetic field (dB) 
and the time it takes to make that change (dt) [3]. 
This factor is a key determinant for peripheral 
nerve stimulation considerations.

The last major section of terminology to 
review before digging into the main safety dis-
cussions is a short introduction to the electro-
magnetic spectrum (Fig.  16.2). MR utilizes 
radiofrequency (RF) pulses, which are a form 
of electromagnetic energy. These pulses typi-
cally excite the nucleus of hydrogen atoms. The 
electromagnetic spectrum (Fig. 16.2) shows the 
relationship between frequency, wavelength, and 
the energy conveyed in the waves. Furthermore, 
Faraday’s law of induction tells us that time- 
varying magnetic fields generate an electrical 
current in any conductive material such as the 
human body and cause appreciable patient heat-
ing. The short RF pulses can induce a current 

MR Magnet 

5 gauss

100 gauss400 gauss

Fig. 16.1 Simplified 
depiction of the 
measured gauss lines. 
The static magnetic field 
becomes stronger as you 
get closer to the magnet. 
The actual gradation of 
the field lines vary from 
scanner to scanner and 
are not this elliptical nor 
are the gauss values 
necessarily found at 
locations marked. The 
magnetic field increases 
rapidly as the distance to 
the magnet decreases
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in any conducting object such as the leads and 
cables leaving the patient to connect to monitor-
ing equipment and under the wrong conditions 
can cause severe heating. The time-varying gra-
dients can also induce heating, but is usually 
not a concern. Thus, it is important to keep all 
cables together exiting out the center of the bore 
where possible [4]. Do not let the cables touch 
the bore of the scanner. Remember to only use 
MR-approved supplies and equipment.

16.2  Main Safety Concerns

This section will investigate three concerns, 
namely, safety concerns of the main mag-
netic field, safety concerns of the time-varying 
(switching) gradient fields, and safety concerns 
of the radiofrequency field.

16.2.1  Safety Concerns of the Main 
Magnet Field—B0

A multitude of people and vendors have advo-
cated for tools to help prevent “missile” accidents 
from ferromagnetic objects entering the MRI 
environment. Truth be told, no single method or 
tool will catch everything. If the clinic owns fer-
romagnetic detectors, wands, or any type of “stop 
and check” equipment, it should be utilized prior 
to the patient entering the MRI scanner room. 

Training staff to be aware of the dangers of MR, 
to screen patients carefully, and to look for hid-
den objects under garments or blankets is the 
best protection for working around an MR scan-
ner. Using a tool such as a ferromagnetic detector 
as an additional layer of checking for MR unsafe 
items can be helpful. Be mindful that these tools 
are only sensitive to ferrous metals. Other con-
ducting materials that can cause grievous injury 
are not ferrous, or necessarily even metallic (e.g., 
carbon) which is why screening is so critical for 
safety. Objects being taken into the MRI scan-
ner room must be cleared by MRI staff prior 
to being taken into the scanner room. Having a 
handheld magnet or ferromagnetic wand can be 
used to check certain items. Equipment in the 
MRI suite should be labeled according to ASTM 
International (Formerly American Society for 
Testing and Materials) standards (Table  16.1), 
which relates to MR safety in general and not just 
the main magnetic. The labels come in color as 
well as black-and-white versions. The colors fol-
low the internationally accepted colors of green 
for safe, yellow for caution, and red for danger.

16.2.2  Safety Concerns of the Time- 
Varying (Switching) Gradient 
Fields—(dB/dt)

Acoustic noise is a phenomenon caused by 
Lorentz forces arising from the switching 
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 gradients interacting with the main magnetic 
field of the scanner [5, 6]. As higher field strength 
scanners tend to use higher-performance gradient 
systems, the Lorentz forces are higher as well; 
thus, the combination of higher field strength 
(B0) and stronger gradients can lead to louder 
scanners. This is why 1.5 and 3 T MRI scanners 
are generally louder than low field MRI scanners.

The safe working exposure limit for an 
8  h period is 85  dB [7], so it is reasonable to 
assume that shorter exposures of an hour or two 
at up to 85  dB should be fine for most people. 
The cases reported in the U.S.  Food and Drug 
Administration (FDA) Maude Database about 
hearing loss note inadequate or inadequately 
placed earplugs [8]. Proper instruction on ear-
plug use followed by visual inspection and a 
whisper test is essential to help reduce hearing 
loss. The Noise Reduction Rating (NRR) of ear-
plugs is generally 29–33 dB NRR and most MR 

hear muff headsets around 24–29 dB NRR. The 
MRI scanner safety manual will state the mini-
mum NRR required for the particular scanner. 
Offering both earplugs and headsets is recom-
mended whenever it is possible and/or reasonable 
to do so. Neonates and young children have more 
sensitive hearing, which makes the need for hear-
ing protection even more critical. Standard adult 
earplugs are too big for children and the small 
yellow ear covers only attenuate about 7 dB and 
the more expensive headphones for babies only 
attenuate 22  dB, so extra padding around the 
sides of the head is recommended. The standard 
adult earplugs may also be too large for some 
adults. Therefore having a variety of sizes of ear-
plugs would benefit adults and children.

The hearing risk to the fetus when scanning 
of pregnant women has been debated for years 
despite the study performed in 1995 [9]. The 
fetal environment was simulated by placing an 

Term Definition Label appearance

MR Safe An item that poses no known hazards in all 

MRI environments.  

MR Conditional An item that has been demonstrated to 

pose no known hazards in a specified MRI 

environment with specified conditions of 

use.  Additional conditions, including 

specific configurations of the item, may be 

required.  

MR Unsafe An item that is known to pose hazards in 

all MRI environments. MR unsafe items 

include magnetic items such as a pair of 

ferromagnetic scissors.  

Table 16.1 Internationally accepted labeling system for MR safety

Reprinted with permission from ASTM F2503–13 Standard Practice for Marking Medical Devices and Other Items for 
Safety in the Magnetic Resonance Environment, copyright ASTM International, 100 Barr Harbor Drive, West 
Conshohocken, PA 19428. A copy of the complete standard may be obtained from ASTM International, www.astm.org
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acoustic probe in a stomach full of water, which 
estimated that the gravid uterus should attenuate 
more than 30 dB of noise. In a recent study of 751 
neonates exposed to MRI during pregnancy, there 
was no difference in hearing found as compared 
to neonates that were not exposed to MRI [10].

The time-varying gradient fields also have a 
potential effect on MR unsafe electrically active 
devices including implanted cardiac pacemak-
ers, defibrillators, neurostimulators, medication 
pumps, etc. The time-varying or switching gradi-
ent fields can induce currents that can interfere 
with electrically active devices. In addition, heat 
and vibration induced by the switching gradients 
may cause the device to malfunction or cease 
operating at all [11]. What this means is that the 
manufacturers guidelines should be followed for 
implanted active devices.

16.2.3  Safety Concerns 
of the Radiofrequency (RF or 
B1) Field

The best way to avoid burns is not only to use 
MR-approved equipment, but also to be aware 
of all lines, cables, and any other conductive 
materials. When preparing the patient for scan-
ning, check for any watches, jewelry, metal-
lic patches, etc. as patients often forget to take 
these items off. For patients with tattoos, they 
should be counseled to squeeze the alarm ball 
if they feel any heat or discomfort. If they are 
an inpatient, be especially mindful to look for 
ECG electrodes, pulse oximetry components, 
and anything else that can be hiding under a 
sheet or blanket. If the patient is a neonate or 
child, be especially careful to check clothing 
for snaps, pins, and a pulse oximetry probe on 
a toe. It is further recommended that the patient 
change into MRI- provided gowns or scrubs for 
the exam. Regular clothing can have metal-
lic threads or coatings that can put the patient 
at risk for harm. For example, copper and sil-
ver are now commonly used in many types of 
clothing. These metallic fabrics have resulted in 
several patient burns [12]. Also be on the lookout 
for patients wearing health and exercise sensors. 

Clothing, including underwear, is now being 
designed with biosensors [13]. These sensors 
cannot go into the MR scanner.

If the patient needs to be monitored in the 
scanner, use only MR-approved equipment and 
supplies. Keep track of any lines, cables, or other 
long leads exiting the scanner, keep the cables 
together away from the bore wall, and prefer-
ably running out the center of the bore. For the 
Wi-Fi monitoring attachments, secure the sen-
sors so that they do not touch the bore of the 
scanner. Poorly managed cables have resulted in 
focal burns and fires [14, 15]. MRI scanners also 
have special pads to use to aid in patient com-
fort. Using pads between the legs, arms, or other 
touching body parts help to break the skin/skin 
electrical contact. Do not let patients clasp their 
hands together even if they are outside the bore 
as skin/skin contact has resulted in burns [16]. 
Always make sure there is a pad between the 
patient’s skin and the bore of the MRI scanner 
wall to give extra distance from the transmit coil 
that is located just behind the tunnel wall. Sheets 
and blankets are not to be considered as padding.

16.3  Training

MR safety training is recommend for all persons 
working routinely in the MRI suite (Table 16.2). 
According to The Joint Commission (TJC) MR 
technologists and radiologists are now required 
to have annual advanced or Level II training 
every year [17]. Non-MR staff (radiology admin-
istrators, schedulers, nurses, housekeeping, first 
responders, etc.) who work near or sometimes in 
the MRI scanner room are recommended to have 
basic, or Level I, training annually. Staff  members 
entering the MRI scanning area must either have 
annual MRI safety training at Level I or Level 
II, or be screened by Level II personnel prior to 
entering the MR scanner room. For staff who do 
get annual training but do not work regularly in 
the MRI suite, a quick screen by Level II staff is 
recommended. It is also important to remind staff 
to empty their pockets of all non- MRI approved 
items prior to walking into the scanner room as 
the magnet is always on, even when it is quiet. 
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It is also important to remind staff that items 
such as stethoscopes, hairpins, paperclips, and 
pens can become projectiles. Simply wearing a 
surgical cap or closing a pocket is not sufficient 
and will not protect an item from the force of the 
magnet.

16.4  Screening

A multifaceted standard operating procedure with 
a variety of checks or processes will help reduce 
the chance of a projectile accident, the wrong 
equipment, or a patient with an unsafe implant 
entering the MR scanner room. Every MR clinic 

or hospital should develop a multi- layered screen-
ing process. Screening by the MRI clinic should 
start when the patient makes the appointment. 
Screening at the time of  appointment by trained 
staff helps to find implanted items in the patient 
that require additional consideration (Table 16.3). 
Certain implanted items in a person’s body 
in addition to certain medical conditions may 
require additional follow-up or special handling 
such as active medical devices, a history of metal 
fragments to the eye, allergies (including contrast 
media), renal impairment, claustrophobia, or a 
complicated or unstable medical condition. It is 
also important to get height and weight to make 
sure the patient will fit for the exam. A patient 

Table 16.2 MR safety training recommendations

Training 
level Type of persons Responsibilities/expectations
Level I 
–Basic

Must be supervised 100% of time in Zone III and IV

Nurses Work safely in magnet room and manage monitoring equipment
Anesthesiology 
providers

Work safely in magnet room and manage monitoring equipment

Support staff Be safe near MR or in magnet room
MR research 
support staff

Be safe near MR, initial screen of subjects

MR schedulers Be safe near MR, initial screen of scheduled patients, answer basic questions
Radiology 
administrators

Be safe near MR

Housekeeping Be safe near MR or in magnet room
Hospital biomedical 
engineering

Work safely in near or in magnet room

Hospital facilities/
maintenance

Work safely in near or in magnet room

Level I—Basic—Special for first respondersa

Fire fighters, 
emergency 
responders

Work safely in near or in magnet room, be prepared for a fire in magnet room, 
know who and how to contact should magnetic field need to be ramped down (if 
possible), know how to turn off power to systems. Know the difference between 
power off and ramp down magnet and where to find those buttons

Level II—Advanced
MR technologists Responsible for every non-MR person in Zones III and IV, screening and 

documenting patient for safety, responsible for all MR exam-related duties and 
patient care, know when to call radiologist or nurses for assistance, be prepared for 
emergencies.

Radiologists Risk benefit decision. Ultimate authority over MR patient care.
MR nurses Work safely in MR scanner room, know monitoring for MR patients including 

implanted electronic device patents, assist with screening and patient care, be 
prepared for emergencies

Other MR providers Work safely in MR scanner room
MR researcher staff Work safely in MR scanner room

aFirst responders should have a written standard operating procedure in the event of a fire involving MRI scanners. Fire 
departments recommended to communicate with MR department for special safety considerations

M. N. Hood
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weight is needed for proper MR system operation. 
When the patient arrives in the MRI clinic, some 
sort of written or electronic documentation must 
be completed by the patient or legal representa-
tive able to provide medical information about 
the patient. The MR technologist/radiographer 
who is to perform the exam should do an inter-
view with the patient. The patient should change 
into MR-approved  clothing. The clothing should 
be supplied by the MR clinic as street clothes 

can be problematic and screening for some items 
per above is nearly impossible. For patients with 
prosthetics, the prosthetic cover needs to be either 
removed or checked as silver is now being used in 
the material of some covers. In addition, prior to 
the patient entering the MRI scanner room, a last 
verbal check by the MR team members taking care 
of the patient, often referred to as a “Time-Out,” 
should occur to check for inadvertently missed 
items and to remind staff to do a self-check.

Table 16.3 Implanted medical devices

Category of 
implant Type

Advanced 
screening 
requireda

Advanced 
monitoring 
requiredb

Programming 
requiredb

Post MRI 
assessment 
needed

Passive
Orthopedic screws, 
plates, pins

No No No No

Orthopedic rods Yes No No No
Surgical staples No No No No
Joint replacements Maybe Maybe No No
Filters Yes No No No
External fixation 
device

Yes Yes No Maybe

Stents—coronary Maybe No No No
Stents—other than 
coronary

Yes Yes No No

PDA/VSD closure 
devices

Yes No No No

Aneurysm clip Yes No No No
Artificial heart valve No No No No
Dental devices 
(nonremovable)

No No No No

Passive, but adjustable by a magnet or other device
Spinal rods Yes Yes Maybe Maybe
Breast tissue 
expanders

Yes Yes Maybe Maybe

External fixation 
device

Yes Yes Maybe Maybe

Electronically active
Cardiac pacemaker Yes Yes Maybe Yes
Cardiac defibrillator Yes Yes Maybe Yes
Neurostimulator Yes Yes Yes Maybe
Cochlear implant Yes Yes Yes Yes
Implanted medication 
delivery

Yes Yes Maybe Yes

Cardiac loop recorder Yes No No Maybe
Programmable shunt Yes Maybe Maybe Yes

A short table of examples of the categories of devices. This is not a complete list. Manufacturer’s guidelines must be 
followed carefully. Not all devices in a certain category are the same. Some devices may have additional recommended 
or required processes
aDocumentation of implanted medical devices is the best practice for safety
bNot all implanted medical devices have been tested to be safe for MRI
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16.5  Implanted Medical Devices

Medical implants come in a variety of types, 
sizes, shapes, composition, and function. When 
speaking in terms of MR safety, implanted medi-
cal devices are generally categorized as active 
or passive. Active devices are defined as those 
devices that are acted upon by an energy source 
that does not come from the human tissue such 
as a pacemaker, neurostimulator, programmable 
shunt, or adjustable spinal rods [18]. Passive 
implants are not operated by a power source but 
may have movable parts that can be manipulated 
through the use of a power source or some other 
mechanisms. Passive implants (Table  16.4) are 
items such as stents, joint replacements, dental 
fillings, and orthopedic screws [19].

Scanning active implanted medical devices 
is becoming routine in major medical centers, 
but they are also a major struggle to handle in a 
timely manner. The FDA and other international 
regulatory bodies have been working with indus-
try manufacturers for proper testing and labeling 
of implanted medical devices, with the electri-
cally active devices being the most complicated. 
Each implanted active device will have its own 
labeling and special requirements that have been 
approved by the FDA based on testing. It is in 
the best interest of nurses proving care in MRI 
to learn about the monitoring requirements speci-

fied by the manufacturers as they may be differ-
ent than in other areas of the hospital or clinic. In 
addition, your facility should have written guide-
lines on how patients with these devices are to be 
handled.

MR Conditional devices come with labeling 
documentation that needs to be followed for the 
patient to be safely scanned in MRI.  The label 
may contain certain technical terms that define 
the MR conditional requirements. The details of 
these terms are beyond the scope of this chapter; 
however, the main terms are Specific Absorption 
Rate (SAR) and B1+rms [20]. B1+rms is a 
more recent term, but it is preferred for active 
implanted devices, but support for this term may 
not exist on all MRI scanners.

Many pacemakers and implanted cardiac defi-
brillators (ICDs) are now MRI approved at 1.5 
and 3 T. Nurses are frequently called upon to sup-
port the scanning of patients with cardiac pace-
makers and defibrillators. The manufacturer’s 
guidelines must be followed for each make and 
model. Checklists are available from some com-
panies that make it easy to meet the monitoring 
requirements and steps. For example: A patient 
calls to schedule an MRI. The patient says yes to 
having a pacemaker. If the patient has the pace-
maker information or card, it’s your lucky day 
and a simple check of the patient’s records can 
confirm make, model and leads. If not, the desig-

Table 16.4 Center for Medicare and Medicaid Services (CMS) Guidelines for the safe scanning of cardiac devices not 
labeled for MR use. Extras precautions, training and staff are required to support off-label devices safely. These guidelines 
are available at: https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network- MLN/MLNMattersArticles/
downloads/MM10877.pdf

Cardiac- 
implanted 
devices

Expand coverage for implanted Pacemaker (PM), implanted cardioverter defibrillator (ICD), 
cardiac resynchronization therapy pacemaker (CRT-P), or cardiac resynchronization therapy 
defibrillator (CRT-D) device that does not have FDA MR labeling

1.5 Tesla using normal operating mode
No fractured, epicardial, or abandoned leads
The facility has a checklist which includes the following:

Patient assessment
Informed consent
Prior to MRI, device interrogated and programmed into appropriate MRI scanning mode
A qualified physician, nurse practitioner, or physician assistant with expertise with PMs, ICDs, 
CRT-Ps, or CRT-Ds must directly supervise the MRI scan (i.e., immediately available)
Patients observed in MRI scanner via visual and voice contact, and monitored with equipment to 
assess vital signs and cardiac rhythm
An ACLS provider must be present for the duration of the MRI scan
A discharge plan that includes re-interrogated immediately after the MRI scan to detect and correct 
any abnormalities
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nated safety person will hunt through the patient 
records and/or call the pacemaker manufacturer 
to confirm. The patient may need to be scanned 
on a day when a properly trained pacemaker 
programmer can be available as most pacemak-
ers and defibrillators must go through a series of 
checks and programming to MRI mode before the 
MRI. The patient must be monitored by qualified 
medical personnel (determined by your institu-
tion’s practice guidelines), and then the patient’s 
pacemaker will go through a series of checks 
and programming after the MRI exam to confirm 
the patient is fine before being released. There is 
currently a company that has designed cardiac 
devices to auto-detect being in the presence of a 
magnetic field and it will automatically program 
itself into MRI-mode [21]. Patients with auto MR 
detection devices must still be monitored while 
in MRI. For those devices, pulse oximetry is gen-
erally recommended as the preferred monitoring 
according to manufacturer’s guidelines, but ECG 
may be placed on the patient as well for general 
assessment.

The nursing staff may also be called upon to 
assist with implanted medication devices. The 
manufacture’s guidelines should be followed 
carefully as over- and under-infusion, unintended 
boluses, and device malfunctions have been 
reported [22]. A careful check of the device should 
occur before the patient is scanned. Some MR 
Conditional medication pump models recommend 
the patient have the device checked following the 
MR procedure as pump problems such as a stalled 
pump have been reported. There are actually many 
active devices such as neurostimulators and pro-
grammable shunts that call for the patient to con-
tact their provider for a safety check after the MRI.

16.6  Off-Label Devices

16.6.1  Electrically Active

It is estimated that over 75% of all persons with 
a cardiac device will need an MR at some point; 
thus, the need to scan patients with MR unsafe 
cardiac devices is great [23]. The Centers for 
Medicare and Medicaid Services (CMS)[24] 
has expanded coverage for beneficiaries with 

certain cardiac devices that do not have FDA 
labeling specific for an MRI, but under certain 
conditions (Section 220.2(B)(3)) (Table  16.4). 
However, scanning patients off-label increases 
the risk to the patient, so extra precautions must 
be taken to monitor and care for the patient 
should something go wrong. For those patients, 
a serious risk- benefit decision should be made by 
the referring and imaging physicians. The good 
news is that because off-label scanning typically 
occurs in large institutions with careful selection, 
screening, monitoring, and back up, thousands of 
patients have been successfully scanned in MRI 
with off-label devices.

16.6.2  Passive

Many passive implants such as pins, screws, 
and staples are scanned off-label. Some passive 
devices (stents, closure devices, heart valves, etc.) 
are tested for the appropriate MR Conditional 
labeling. Many orthopedic devices such as screws 
may not have been tested for MRI, but may be 
made of potentially acceptable materials such 
as titanium or certain grades of stainless steel. 
Deciding on how to handle these devices depends 
on your institution’s written MR safety policies. 
Size, shape, composition, and location all play 
into the safety of a passive implanted item. Items 
such as external fixation devices and halos should 
be tested with a handheld magnet to check for 
ferromagnetic parts and then the patient must be 
instructed to squeeze the emergency ball should 
the patient feel any heat or unusual sensations 
during the exam. Unfortunately, the configura-
tion of some external fixation devices or halos 
can heat up during scanning even if the com-
ponents are non-ferromagnetic, but conductive. 
Shrapnel is another tough decision as it could be 
any metal. For potential metal in the eye, X-rays 
or an available head CT can be used to rule out 
a foreign object in the eye. For shrapnel in other 
body parts, most patients can be safely scanned, 
but they should always be reminded to squeeze 
the emergency ball if they feel any unusual sen-
sations while being scanned. Each institution 
should have a written policy specifically for how 
to handle patients with shrapnel.
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16.7  Contrast Agents

Most contrast agents being used in MRI are 
gadolinium- based contrast agents (GBCAs). For 
a contrast agent to work in the MRI environment, 
it must have a characteristic that can be exploited 
by MR imaging, which is why the iodinated con-
trast agents used in X-ray and computed tomog-
raphy do not work in MRI. MRI contrast agents 
must affect the local tissue magnetic environ-
ment. Paramagnetic substances can alter the MRI 
contrast in certain tissues acquired in MRI [25]. 
GBCAs are primarily extracellular agents, have 
good stability, exit the body relatively rapidly 
and are generally nonspecific in their distribution 
(except they do not cross the blood brain barrier). 
Iron and manganese agents have also been devel-
oped, but are currently not available clinically in 
the United States for numerous reasons ranging 
from lack of sales to high adverse reaction rates.

Adverse reactions to GBCA are relatively 
uncommon (0.07–2.4%) and most are mild such 
as injection site complaints, nausea, headache, 
vomiting, and paresthesia [26–29]. Allergic-like 
reactions can occur (0.004–0.7%) that are simi-
lar to allergic-like reactions found with iodinated 
contrast agents [27, 29]. Severe reactions and 
death are extremely rare (0.006–0.001%) [26–29].

The main risk associated with the use of con-
trast agents is nephrogenic systemic fibrosis 
(NSF). The GBCAs are primarily filtered from 
the body via the kidneys, and since almost all 

cases of NSF have occurred in end-stage chronic 
renal failure or acute renal injury (AKI), renal 
function laboratory screening used to estimate 
the glomerular filtration rate (eGFR) is used to 
help the physician to determine a patient’s risk 
potential. The American College of Radiology 
(ACR) has updated the classification of GBCAs 
in 2018 to divide the currently available agents 
into three classes (Table  16.5) [30]. The main 
change is that a much more clear distinction has 
been made regarding the stability of the agents. 
GBCAs with lower stability have an increased 
risk of NSF, and thus have more restrictions for 
screening and use (Table 16.6).

One other aspect of the gadolinium contrast 
agents that needs to be addressed in this chapter 
is gadolinium deposition, first discovered in 2013 
[31]. It is postulated that the gadolinium con-
trast in vivo can, in small amounts, dechelate and 
deposit into our tissues [32]. The MR community is 
searching for answers as to the clinical significance 
of this finding. Currently, there are no known clini-
cal symptoms, but that doesn’t mean there aren’t 
any since we never knew to look before. Since 
gadolinium is toxic when not chelated, potential 
toxicity is a concern [33]. It appears that all gado-
linium agents have documented some level of gad-
olinium deposition, but not all contrast agents are 
equal. Current research is reporting that the less 
stable, linear agents appear to have a greater gado-
linium deposition, as well as with increased NSF 
risk [32]. Administration of linear gadolinium che-

Table 16.5 Classes of gadolinium-based contrast agents

Agent name Trade name Company
Class I Agents associated with the greatest number of NSF cases

Gadodiamide Omniscan® GE Healthcare
Gadopentetate dimeglumine Magnevist® Bayer HealthCare Pharmaceuticals
Gadoversetamide OptiMARK® Guerbet

Class II Agents associated with few, if any, unconfounded cases of NSF
Gadobenate dimeglumine MultiHance® Bracco Diagnostics
Gadobutrol Gadavist®, Gadovist Bayer HealthCare Pharmaceuticals
Gadoterate acid Dotarem® Guerbet
Gadoteridol ProHance® Bracco Diagnostics

Class III Agents with limited data regarding NSF risk, but for which few, if any unconfounded cases of NSF have 
been reported

Gadoxetate disodium Eovist®, Primovist Bayer HealthCare Pharmaceuticals

Adapted with permission from: ACR Committee on Drugs and Contrast Media, ACR Contrast Manual, 2018, V10.3, 
p81–89, ACR
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lates, despite normal renal function, leads to long-
term deposition of gadolinium in the skin, bone, 
liver, and a focal, specific distribution in the brain 
[31–35]. Gadolinium deposition is an active area 
of research. In the meantime, clinicians should be 
prudent with their use of gadolinium-based con-
trast agents, following established best practice 
clinical guidelines.

16.8  Anxiety Issues

Anxiety is a common problem for any radio-
logic procedure, but MRI tends to increase the 
anxiety levels in some people. Patient screening 
and education in advance of the MR exam are 
critical steps to help decrease the fear factor of 
“going into the tunnel.” Unfortunately, marketing 
professionals have coined the terms “open” and 
“closed” to describe scanners. Conventionally 
open, or lower field scanners (below 1.2 T), tend 
to have a more open shape whereas the more com-
mon, higher field (currently 1.5 T and higher) are 
a cylindrical, oval, or tunnel shape. The higher 
field scanners also come in a variety of sizes. It is 
best to educate patients MR scanners are open at 
both ends, have lights, communication systems, 
and air that blows through the tunnel. The patient 
will be able to talk to the technologist during the 
scan and they will be given a squeeze ball that 
works as a secondary way to alert the technolo-
gist that the patient needs something. Educating 
and reassuring the patient that the MR staff is 
here to help them at any time can aid in reducing 
patient anxiety.

Some patients know in advance that they do 
not tolerate the MRI scanner well. Some of these 
patients just need the widest bore MR scanner 
the clinic has and extra communication to get 
through the exam. Some clinics allow a family 
member to stay in the room with the patient (this 
person must be screened for MRI as well), unless 
the patient is being care for by a sedation or 
anesthesia team (who also need to be screened). 
A wide variety of antianxiety medications are 
available. It is important for MR staff to know 
when a patient has taken any kind of antianxiety 
medication as they should be monitored while in 
the scanner. Some patients need more than just 
a simple oral antianxiety medication. Every MR 
center needs to have a written policy for handling 
sedated patients. Large facilities have sedation 
and anesthesia teams that work with MR regularly 
and have all of the appropriate MR Conditional 
equipment to manage sedated and anesthetized 
patients safely. For children, it is recommended 
to have a pediatric team that can not only provide 
the sedation care, but screen and prepare chil-

Table 16.6 How to manage patient screening according 
to gadolinium-based contrast agent class

Class I and III Must screen for risk factors
Complete lab testing and eGFR calculation
  Inpatients Within 48 h
  Outpatients
    No prior 

eGFR at 
scheduling

No risk factors—No eGFR 
required
With risk factors—Obtain eGFR

    Most recent 
eGFR > 45 at 
scheduling

NO risk factor and eGFR 60 or 
above, no new eGFR required
WITH risk factors and/or eGFR 
45–59, no new eGFR if labs within 
6 weeks, otherwise obtain a new 
eGFR

Most recent eGFR 
45 or below

Obtain eGFR within 2 days of the 
MRI study
Risk factors∗

  1. History of renal disease, 
including:

   a. Prior dialysis
   b. Renal transplant
   c. Single kidney
   d. Kidney surgery
   e. Renal cancer
  2. Hypertension requiring 

medical therapy
  3.Diabetes mellitus
∗Other risk: Recent iodinated 
contrast—contrast-induced 
nephropathy (CIN) risk, therefore 
new labs recommended

Class II Standard dose or less, assessment 
of renal function is optional as 
long as contrast is deemed 
medically necessary
Preferred if: On dialysis, severe or 
end-stage CKD (eGFR < 30 mL/
min/1.73 m2), or AKI

Patients with acute kidney injury (AKI) on dialysis (any 
type)—eGFR deemed not useful, therefore group II 
agents strong preferred
Children: Use updated Schwartz equation for eGFR
Adapted with permission from: ACR Committee on Drugs 
and Contrast Media, ACR Contrast Manual, 2018, V10.3, 
p81–89, ACR
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dren for the MRI. The use of videos, mock MRI 
scanner, and even virtual reality techniques have 
been used to help children get through their MRI 
exams without the use of medication [36, 37].

16.9  Patient Monitoring

Nurses are becoming increasingly involved in 
monitoring patients in MRI. Sedation and anes-
thesia cases used to be the main types of cases 
that nurses were involved in for MRI, but now 
the active implanted medical devices are becom-
ing more common with nursing being utilized 
for monitoring and charting care. Nurses need 
to familiarize themselves with the MR specific 
equipment. Patient monitoring systems, medi-
cation infusion pumps, respirators, anesthesia 
machines, and other specialty equipment are 
made specifically for use in MRI scanner rooms 
[38]. It is critically important the MR Conditional 
equipment and supplies are used for monitoring 
while in MRI, including the ECG electrodes.

There is currently only a single vendor provid-
ing MR Conditional medication infusion pumps 
for use in sedation and anesthesia procedures in 
the United States. This system requires special 
tubing as well. Do not assume the MR technolo-
gists will know how to use the medication pump. 
Make sure nursing gets training on this infusion 
pump as it is slightly different from the regular 
equipment used in the rest of the facility.

One of the hardest things to get used to in 
MRI is the unreliable ECG signal [39]. ECG in 
MRI should not be used as the primary method to 
monitor your patient as the magnetic fields inter-
fere with the ECG signal. Pulse oximetry and 
end-tidal CO2 are more reliable than ECG when 
the patient is in the scanner. That can make nurses 
new to MRI very uncomfortable when monitor-
ing patients in the MR environment. End-tidal 
CO2 is becoming the gold standard for monitor-
ing sedated or anesthetized patients as it is a more 
robust method for anesthetized patients. When 
monitoring a patient in MRI, it is a good idea to 
position yourself to see both the monitors and the 
patient. Sometimes you can see the patient move 
before you see changes on the monitoring equip-
ment. Also, sometimes the pulse oximetry signal 

can be temporarily lost, which can sometimes 
happen simply because the patient was moving 
their fingers or hand.

16.10  Facility Recommendations

The physical layout of the MRI suite can enhance 
safety. TJC now recommends the MR safety white 
papers from the ACR that promotes the four-zone 
system physical layout and labeling system [40]. 
Zone I is the public area where people may come 
and go freely, Zone II is generally the reception 
and waiting area. The screening process starts 
here. It is highly recommended that Zone II be 
the patient changing area as well. Zone III is the 
MR-controlled zone as it has direct access to the 
MR scanner room (Zone IV). In Zones III and IV, 
MR personnel must supervise non-MRI person-
nel and all patients 100% of the time. All persons 
in Zone III and IV must also be screened and edu-
cated on how to keep safe while in the MRI suite.

16.11  Code Procedure

If the patient is having a medical emergency in 
the MRI, the first thing you need to do is get 
the patient out of the scanner room as the last 
thing you need is a projectile accident happening 
during the code. One member of the MR team 
should be designated to call the code while oth-
ers are getting the patient to the designated safe 
code location, preferably away from the imme-
diate MR scan room. Although extremely rare, 
the MR staff must be familiar with how to call a 
code and how to direct the care team to the safe 
area to care for the patient. The crash cart should 
be located near the designated safe location or 
be easily and quickly moved to the safe location 
where the patient is being worked on. Crash carts 
should never be taken into an MR scanner room 
as the cart itself, things in and on the cart maybe 
ferromagnetic, plus the defibrillator will not work 
properly in a magnetic field. The MR technolo-
gists must ensure that the MR scanner room is 
secured so that non-MR personnel cannot acci-
dentally enter the MR scanner room during or 
after the code.
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16.12  iMR: Interoperative 
and Interventional MR

Interventional/interoperative MR (iMR) in a for-
mal surgical suite has been around since 1994, 
but is still only in major medical or research insti-
tutions [41, 42]. iMR is expanding in use and in 
the variety of techniques being performed. Since 
MR provides three-dimensional anatomical 
detail quickly, plus can provide flow information 
as well as monitor thermal changes, blood oxy-
genation, perfusion, and diffusion, MR makes for 
a desirable interactive tool for certain procedures 
and without the risk of ionizing radiation.

With the increase in growth of iMR and its 
associated specialized equipment, the need for 
MR safety knowledge and vigilance also grows. 
The iMR team is made up of a wide variety of 
medical professionals, many of whom are not MR 
specialists; therefore, MR safety protocols and 
education are particularly critical. The iMR suite 
should have a written policy on how to handle all 
equipment within the iMR suite as there will be 
a variety of equipment in the iMR suite that isn’t 
always MR safe or MR Conditional [43]. The 
medical director for the iMR should have a writ-
ten policy for how all items in the iMR suite are 
to be tested before bringing into the iMR suite. 
All equipment used in the iMR must be tested by 
personnel appointed by the iMR medical direc-
tor and labeled using a system of coding such as 
the ASTM labeling for MR safety (Table 16.1). 
The ASTM color-coding system (green  =  MR 
safe, yellow  =  MR conditional, and red  =  MR 
unsafe) can be used to mark tools and other items 
where stickers may be hard to see or are imprac-
tical to place a sticker. The ASTM labels can be 
purchased. Some equipment may be MR unsafe, 
but needed for parts of the procedures when the 
patient is kept in an area away from the MR or 
in an adjacent room. iMR suites should have a 
system for demarcating the room for those times 
when the MR scanner will be used. Having your 
suite designed with visual cues for safety such 
as colored floors, barrier tapes, lights, and mov-
able partitions can also help. A system of checks 
and procedures should also be in place to ensure 
MR unsafe items are removed and secured from 
the MR area prior to the MR being used during 

the procedure. Procedures such as time-outs or 
similar team safety checks at key points in the 
procedure are highly recommended. It is also 
prudent to have a well-trained MR technologist 
acting as the MR safety specialist who is respon-
sible for checking and screening all people (staff 
and patient) as they enter the MR suite. The MR 
safety restrictions are the same for iMR as they 
are for any other MR room, with the addition of 
hearing protection for staff that remains in the 
scanner room during scanning.

For combination suites that involve the use of 
X-ray or CT, assess all safety equipment, includ-
ing lead shields. Lead aprons should be free of 
ferrous metal buckles or fasteners, plus movable 
lead shields must not contain ferromagnetic com-
ponents. Written plans for multimodality suites 
must be in place and followed by all staff.

16.13  Cryogen Safety

Most MRI scanners that are 0.5 T or higher (or of 
the tunnel shape) are superconducting scanners. 
They use liquid helium to maintain the power-
ful magnetic field. The MR scanner systems 
have a special venting system to let the helium 
gas vaporize out through a venting system if the 
magnetic field needs to be reduced rapidly (in the 
event of a person pinned by a large ferromagnetic 
object or a fire in the scanner room), or if the 
scanner has a rare spontaneous quench. The rapid 
reduction in the magnetic field is called a fast run 
down or quench. The helium gas should vent out 
through the venting safely, but venting malfunc-
tions including explosions have occurred. If the 
venting system fails, the helium gas may vent 
into the scanner room. The escaping gas can be 
heard as a loud hissing sound and the white cloud 
of helium gas will form near the ceiling, displac-
ing oxygen in the room. The helium cloud is cold 
(liquid helium is −268.93 Centigrade). Because 
the helium cloud poses a potential asphyxiation 
and cold burn hazard, the patient and all person-
nel must exit the MR suite while keeping lower 
than the helium cloud, and avoiding any dripping 
liquids. The MR staff will have a written proce-
dure on how to evacuate all patients and person-
nel until the area is safe for return.
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16.14  Fire Safety

Fires can happen anywhere in a hospital or 
clinic, including MR.  In the event of a fire, the 
patient needs to be removed from the MR suite 
and standard fire emergency guidelines followed. 
The MR suite should have MR Conditional fire 
extinguishers that are checked regularly just as 
any other fire extinguisher. The local fire depart-
ment should be educated regarding the MR 
environment and be familiar with the MR clinic 
spaces. Fire department training should include 
how to turn off the power to the MR equipment 
(the emergency power off button is different from 
a quench button) and a policy in place should a 
quench of the magnetic field be required.

16.15  Summary

Nurses are being more frequently called upon to 
work in the MR suite. Understanding the theory 
of MR safety, knowledge of the support equip-
ment specifically designed for use around an MR, 
and the safety fundamentals to keep staff and 
patient safe is essential. MRI has unique safety 
issues that nurses need to become familiar with 
in order to provide optimal care to their patients 
in the MRI environment.
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Alarm Fatigue

Stacey Trotman

17.1  Introduction

Alarm fatigue is described as the reactionary 
effect that occurs when clinical staff or health-
care providers unavoidably experience an 
increased amount of alarms. Alarm fatigue can 
further be described as a causative response 
which arises due to sequential alarms of clinical 
equipment in the healthcare setting. Alarm 
fatigue occurs when clinical staff or healthcare 
providers become desensitized as a result of the 
overwhelming amount of alarms, real or false.

Clinical alarms are installed in most medical 
equipment utilized in the healthcare setting today. 
Common medical equipment includes cardiore-
spiratory monitors, pulse oximetry, capnography, 
ventilators, fall alarms, patient warming equip-
ment, hypothermia equipment, and infusion 
pumps including intravenous and feeding pumps. 
In providing care to patients, multiple pieces of 
medical equipment are utilized increasing the 
risk of alarm fatigue and creating confusion in 
determining the device alarming [1]. Clinical 
staff may not prioritize alarm responsiveness 
appropriately due to the confusion created by 
multiple alarms.

17.2  Purpose of Alarms

Clinical monitors are utilized in healthcare set-
tings to provide care and continuous monitoring 
of a patient. Clinical monitors are designed to 
provide constant oversight to the patient’s physi-
ological state. Clinical alarms in medical devices 
are designed to alert clinical staff and healthcare 
providers by means of cognitive distress to physi-
ological changes in the patient’s medical state or 
systems errors within the clinical monitor. 
Clinical staff and healthcare providers experience 
both audio and visual cognitive recognition to 
clinical alarms. The alarms are meant to alert 
clinical staff or healthcare providers to address 
any changes identified by the alarm based on 
alarm settings.

17.3  Alarm Settings

Clinical alarms are preliminarily programmed by 
device manufacturers based on medical algo-
rithms. Algorithms utilize a conservative 
approach to alarms in order to decrease risk and 
liability related to patient harm from a missed 
physiological change or system error [2]. Alarm 
algorithms are driven and developed by multifac-
eted events including human, organization, and 
technical factors. Standards for alarms are set by 
national governing bodies including the 
International Electrotechnical Commission (IEC, 
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available at https://www.iec.ch) and the American 
National Standards Institute (ANSI, available at 
https://www.ansi.org) [3].

Levels of alarms vary based on predetermined 
factory settings or parameters. The most common 
alarm levels include crisis, warning, advisory, 
message, and system warning [4]. The predeter-
mined levels alert clinical staff and healthcare 
providers based on the severity of the alarm iden-
tified by the medical device. Predetermined lev-
els utilized include medical device manufacturer 
settings, organizational settings, unit-based set-
tings, or individualized patient settings. Alarm 
tones vary based on equipment type, manufac-
turer, and organization settings. For the focus of 
alarm fatigue, clinical alarms can be further sepa-
rated into non-actionable or nuisance alarms and 
actionable alarms [5].

17.4  Scope of Problem

Clinical staff and healthcare providers may expe-
rience between 350 and over 900 alarms per day 
[2, 3]. Components of alarm fatigue are alarm 
desensitization related to overload and delayed 
responsiveness and alarm apathy directly driven 
by a lack of trust in alarms [6]. The ECRI Institute 
has cited alarm hazards in their Top 10 Hospital 
Health Technology Hazards for 2019 which 
includes “Improper Customization of Physiologic 
Monitor Alarm Settings May Result in Missed 
Alarms” [7].

17.4.1  Non-actionable Alarms

Alarm fatigue typically occurs when the amount 
of non-actionable or nuisance alarms are preva-
lent causing clinical staff or healthcare providers 
to have decreased reactivity [8]. Studies have 
shown between 72% and 99.4% of alarms are 
non-actionable or nuisance alarms [4, 8, 9]. High 
percentages of non-actionable alarms increase 
the probability of clinical staff and healthcare 
providers delaying response or failing to respond 
to clinical alarms. Non-actionable or nuisance 
alarms are designed to create an awareness not 
requiring clinical staff or healthcare provider 

action or represent an invalid alarm. Alarm 
fatigue is a direct result of non-actionable or nui-
sance alarms.

17.4.2  Actionable Alarms

Actionable alarms are small in comparison to 
non-actionable or nuisance alarms. Approxi-
mately 10% of alarms occurring are actionable 
[4, 8, 9]. Actionable alarms require clinical staff 
or healthcare providers to intervene, address, and 
treat based on alarms occurring. Actionable 
alarms may be patient dependent and can be cat-
egorized in levels from crisis to message [4].

17.5  Response to Alarms

Clinical staff and healthcare providers respond to 
alarm fatigue utilizing measures directly impact-
ing patient safety. Examples include failure to 
respond to alarms, silencing alarms, decreasing 
alarm volumes, setting inappropriate alarm 
parameters, or turning alarm parameters off [3]. 
Patients and clinical staff suffer when a failure to 
address actionable alarms occur as a result of 
alarm fatigue. The first sentinel event published 
by the ECRI Institute occurred in 1974 and was 
related to a hypothermia machine alarm resulting 
in patient burns [9]. Since 1974 The Joint 
Commission (TJC) has released sentinel events 
related to alarm fatigue. The most recent release 
spanned 3 years and included 98 events with 80 
of those events leading to patient death [10]. In 
January 2019 TJC Hospital National Patient 
Safety Goals included Goal 6: Reduce the harm 
associated with clinical alarm systems [10]. 
Nursing personnel are overwhelmed with multi-
ple healthcare noises including pagers, phones, 
healthcare personnel calling for assistance, 
patient call bells, and overhead paging. In addi-
tion to healthcare noises, nurses face additional 
challenges of interruptions by other healthcare 
personnel which may cause further overload and 
a delay in response to alarms. The culture set 
within the organization can directly impact alarm 
fatigue—addressing interruptions should be set 
within the organizations culture.
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17.6  Impact of Alarm Fatigue

Alarm fatigue has a direct impact on the patient 
and the clinical staff or healthcare provider. 
Research has shown negative impacts on care pro-
vided and satisfaction related to alarm fatigue. The 
occurrence of negative outcomes and a poor provi-
sion of care can be directly correlated to alarm 
fatigue in the setting of increased non- actionable 
or nuisance alarms. Cardiorespiratory monitoring 
equipment and intravenous infusion pumps are the 
most common equipment utilizing alarms that 
play a role in the prevalence of alarm fatigue.

Alarm fatigue has been studied on multiple levels 
focusing on clinical staff and healthcare providers. 
Alarm fatigue causes increased cognitive distress 
related to anxiety, burnout, and negative clinical out-
comes due to the response, or lack thereof [1].

The patient also experiences negative impacts 
and outcomes related to the occurrence of alarm 
fatigue. Patient impacts may range from poor 
patient satisfaction to, in some cases, death 
related to missed clinical events [11]. Alarm 
fatigue impacts patients by causing cognitive dis-
tress, difficulty sleeping, and may lead to an 
increased length of stay [12]. Further, patients 
may experience delirium from increased alarms, 
physiologic distress, and weakened immune sys-
tems [3, 13, 14]. Patients suffer the consequences 
of alarm fatigue related to cardiac arrest, respira-
tory arrest, and death.

The Joint Commission released information 
on examples of patient impact related to alarm 
fatigue. Examples include the death of a 60-year- 
old man related to the lack of responsiveness to 
an apnea alarm and the cardiac arrest of a patient 
due to a lack of response to a cardiac alarm for 
over 75 min [15]. Additional data on alarm con-
sequences related mechanical ventilation alarms 
showed out of 23 events 19 deaths occurred, 65% 
were related to alarms [16].

17.7  Occurrence of Clinical 
Alarms

Clinical alarms occur for a multitude of reasons. 
They are preset by the equipment manufacturer 
and further individualized based on the health-

care setting or patient. Specifically, clinical 
alarms driven by physiologic changes have the 
greatest variance in audio alarm settings. The 
most significant and actionable alarm is a crisis 
alarm. Crisis alarms are commonly programmed 
for arrhythmias including asystole, ventricular 
tachycardia, ventricular fibrillation, and ventricu-
lar bradycardia. Warning alarms are commonly 
set for tachycardia, bradycardia, and ventricular 
tachycardia non-sustained for greater than two 
beats. Advisory alarms are commonly set for 
pulse oximetry outside of normal limits and pre-
mature ventricular contractions. Message alarms 
are commonly set for couplets—regular or irreg-
ular. System warnings are commonly set for lead 
failures or arrhythmia suspend [4].

17.7.1  Etiology of Clinical Alarms

Common causes of clinical alarms related to the 
patient’s physiologic state include poor lead 
placement or connection, dried electrocardio-
gram (ECG) electrodes, physiologic alarm 
parameters set with a small window of variance, 
and pulse oximetry monitors placed incorrectly 
[10]. Common causes of mechanical ventilation 
alarms include high pressure, low pressure, or 
disconnection alarms; this requires patient assess-
ment to ensure the alarm is not patient condition 
related [17]. Common causes of infusion pump 
alarms can be divided into mechanical alarms or 
dosing alarms. Mechanical alarms are related to 
air in the line, occlusions, or low battery; dosing 
alarms are related to exceeding or not meeting 
standard dosing alarm limits [18].

17.8  Reducing the Prevalence 
of Alarm Fatigue

Alarm fatigue is the responsibility of the organi-
zations leadership with a strict focus on the utili-
zation of proper equipment alarms, development 
and implementation of policies, and staff educa-
tion [19].

Reducing the prevalence of alarm fatigue 
remains a significant patient safety initiative. 
Clinical staff and healthcare providers are tasked 
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with addressing the safety concerns related to 
alarm fatigue and implementing practices to 
reduce the occurrence of alarms in the healthcare 
setting. Healthcare professionals should work 
closely with device manufactures to individualize 
alarm systems for clinical equipment.

Throughout the literature, healthcare profes-
sionals have shown positive impacts in patient 
safety initiatives related to alarm fatigue. The fol-
lowing is a review of practices related to clinical 
alarms shown to have successful outcomes in 
reducing the number of alarms which occur.

Utilizing an evidence-based approach to 
addressing alarm fatigue is imperative for patient 
and staff safety. Throughout the literature, 
evidence- based practice is being utilized to com-
bat alarm fatigue. Recent literature identifies 
multiple approaches including daily electrode 
changes, proper skin preparation, eliminating 
non-actionable alarms, patient alarm customiza-
tion, and alarm volume individualization [6, 20].

Smart alarms utilize variability in the patient’s 
state to learn physiologic variances individualized 
to the monitored patient. This can be described 
when the patient-specific variances are identified 
by the equipment which then limits the occurrence 
of nuisance alarms while maintaining normal 
parameters for the patient [21]. Setting individual-
ized, specific parameters which are patient based 
are imperative in reducing the prevalence of alarm 
fatigue. Alarm threshold settings should be cus-

tomized based on the patient’s condition, known 
normal, and prioritization of arrhythmias. Patient-
specific conditions can set preliminary alarms 
which can be further individualized for each 
patient. Patient monitoring should be utilized in 
patients with specific indications [8].

Alarms should be set based on urgency and 
actionable response. Utilizing proper lead place-
ment, proper probe placement, and increased 
amplitude in physiologic monitors can reduce the 
number of clinical alarms [8]. Non-crisis alarms 
may be programmed with a 6 s delay to allow for 
false readings to re-correct before alarming.

17.9  Staff Education on Alarms

Clinical staff and healthcare providers require edu-
cation on the types of alarms, alarm reduction and 
prioritization, and equipment use impacting 
alarms. Organizations must work closely with 
equipment manufactures to ensure staff are prop-
erly trained on the types, levels, and acuity of 
alarms utilized in specific pieces of equipment. 
Staff should be educated on safe practices in alarm 
response, established protocols or practices for 
response, and documentation of alarm parameters 
[3] (Fig. 17.1). A recent study on nursing staff and 
alarm fatigue provided insight, validating most 
nursing staff are not aware of the scope of the 
problem or the level of alarm fatigue suffered [19].

Patients

• Appropriateness of monitoring
• Daily electrode changes
• Skin preparation
• Utilize reminders/distractions
  for confused patients
• Review patient vital
  signs trends
• Do not use cold extremities
• Patient education on
  monitors and alarms
• Mechanical ventilation set
  based on diagnosis

Staff

• Utilize interdisciplinary alarm
  fatigue team
• Nurse/MD alarm
  individualization based on
  patient
• Alarm competencies
• Monitor technicians
• Review monitoring indications
  with providers
• Utilize best practice guidelines
  for alarm settings
• Staff education

Alarm Systems

• Customized from factory
  settings
• Customize based on
  sensitivity
• EKG amplitude adjustment
• Utilize sensors with high
  reliability
• Utilize systems with high
  specificity algorithm
  recognition
• Utilize portable staff monitor
  notification equipment

Fig. 17.1 Alarm reduction education. Additional information for staff education can be found at the Association for 
Advancement of Medical Instrumentation (AAMI, available at www.aami.org/htsi/alarms) [22]
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17.10  Conclusion

In conclusion, clinical alarms are developed and 
implemented for patient safety, clinical staff 
safety, and a prevention method to life- threatening 
outcomes. Due to the potential life-threatening 
impacts, addressing and implementing initiatives 
to combat alarm fatigue is essential.

Utilizing a multimodal approach to addressing 
alarm fatigue can be the most effective and have 
significant positive impacts on outcomes. Alarm 
fatigue must be a top priority in patient safety and 
organizational outcomes.
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Patient Falls in Radiology

Greg Laukhuf

18.1  Introduction

The Agency for Healthcare Research and Quality 
(AHRQ) estimates 700,000 to 1000,000 people 
suffer a fall yearly in the United States [1–3].

The Joint Commission (TJC) under 
Provision of Care, Treatment, and Services (PC) 
PC.01.02.08 states: “The hospital assesses and 
manages the patient’s risk for falls.” Additional 
statements contained in this section include EP 1: 
“The hospital assesses the patient’s risk for falls 
based on the patient population and setting” and 
EP 2: “The hospital implements interventions to 
reduce falls based on the patient’s assessed risk.” 
The National Patient Safety Goal NPSG.09.02.01 
states “Reduce the risk of falls,” with additional 
falls emphasis in subsections EP1–EP5 [4]. The 
Safe Practices of the National Quality Forum 
states, “Take actions to prevent patient falls and 
to reduce fall-related injuries by implementing 
evidence-based intervention practices” [5].

Falls are an upsetting occurrence that can 
happen when providing medical care. In good 
circumstances, these events may result in a near 
miss. In lesser circumstances, these events result 
in fractures, lacerations, or internal bleeding. 
Falls impact healthcare and add cost for consum-
ers, families, and providers [6, 7].

Radiology is a high volume, ever-changing, 
dynamic workspace filled with many obstacles 
including Mayo stands and procedure tables, 
anesthesia equipment, portable ultrasound 
machines, oxygen tanks, and electrical or other 
cables that can lend to patient falls. The fact that 
the patient maybe weak from a nothing by mouth 
(NPO) status, the present illness, and/or the 
effect of sedative/anxiety and other medications 
increases the falls risk. The potential for liquids 
(contrast or other) on the floor after a procedure 
and dim lights in radiology areas also make navi-
gating a room hazardous. Multiple personnel 
may be milling about as they prepare the proce-
dure room and the patient if elderly may possess 
sensory deficits that can contribute to the risk of 
falling [8].

Fall prevention involves many facets of the 
patient’s care, including managing a patient’s 
risk factors for falls and the department’s physi-
cal structure [3, 8]. As hospitals and ambulatory 
care sites continue to strengthen falls programs 
while decreasing falls risk, ancillary areas such 
as radiology offer additional opportunity.

18.2  Background

Most of the research regarding falls has occurred 
in hospitalized patient populations [9] and in 
elderly populations located in community or 
long-term care facilities [10–13]. Data regarding 
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falls in a supplemented service, such as radiology-
nursing, is limited. A ten-year literature review of 
review of the Journal of Radiology Nursing (www.
sciencedirect.com/journal/journal-of- radiology 
nursing) [14] revealed no articles dedicated to 
patient falls. The Core Curriculum for Radiologic 
and Imaging Nursing, third edition (https://www.
arinursing.org/resources/publications/) [15] does 
mention a paragraph regarding falls prevention 
for patients in radiology, so clearly there is a need 
for more research into this problem in radiology.

18.2.1  Fall Rates

Research studies have found falls occur at a rate 
of 3–5 per thousand hospital bed days [2]. From 
30 percent to 35 percent of these patients sustain 
an injury as a result of the fall, and approximately 
11,000 falls are fatal [2, 3]. Falls injuries result in 
increasing length of stay 6.3 hospital days with 
the average cost for a serious fall at $14,056 per 
patient [3]. The Pennsylvania Safety Authority 
cites 620 radiological falls in 2009 resulting in 
5% serious safety event (SSE) [8].

18.2.2  Etiology and Consequences

Table 18.1 outlines a general issues patient falls 
map. Death or serious injury resulting from a 
fall at a healthcare facility is considered a never 
event [2, 3]. The Centers for Medicare and 
Medicaid Services (CMS) do not reimburse 
hospitals for additional costs associated with 

patient falls [2, 6, 16]. As noted in a 2018 PSNet 
publication, even “no harm falls” are stressful to 
patients, family members, and healthcare staff 
[2]. “A patient fall can start the beginning of 
a negative cycle that can lead older patients to 
restrict activities leading to loss of strength and 
independence” [2].

18.3  Fall Risk Assessment

Falls prevention has been the subject of exten-
sive research and articles in the quality literature. 
Prevention efforts begin with assessing the indi-
vidual patient’s risk of falls [2]. There are many 
tools for identifying patients at risk for falls, suc-
cess is dependent on the patients predisposing 
issue [2]. Most falls occur in elderly patients who 
are experiencing delirium, are prescribed psy-
choactive medication, or have baseline difficul-
ties with strength, mobility, or balance [17, 18]. 
Non-elderly patients who are acutely ill also have 
a higher falls risk [2, 19]. Table 18.2 presents a 
current list of commonly used patient screening 
tools to determine falls risk.

18.4  Preventing Patient Falls

As with all successful programs, it is important 
for patients and their families to feel empowered, 
educated, and involved in their treatment plan 
[24]. There are two major considerations when 
considering a fall prevention program. First, 
the prevention measures must be individualized 
to the client [24]. There is no single method to 
prevent falls. The most impactful programs 
include a combination of environmental inter-
ventions such as bed alarms, slippers, and ensur-
ing patients are within the nurse’s line of sight 
coupled with clinical intervention such as mini-
mizing medications that may predispose patients 
to falls and implementing a falls tool [25]. The 
use of a standardized risk assessment tool and 
cultural interventions are executed as well [25, 
26]. Emphasizing falls prevention is a multidis-
ciplinary responsibility [2, 17].

Table 18.1 General falls issues

Falls Issue
Fall risk assessment issues, e.g., physical surroundings, 
patient mobility
Handoff communication issues
Toileting issues
Call light issues
Organizational cultural and educational issues
Patient medication issues

Source: Adapted from Health Research & Educational 
Trust [3]
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18.4.1  Multifactorial Approach 
to Fall Reduction

Literature has suggested that focusing interven-
tions on specific components of falls and fall 
risks has been unsuccessful in reducing falls 
[3]. Patient falls can result from many factors. 
Prevention programs that utilize synchronized 
strategies such as improving the fall risk assess-
ment process, using visual cues or systems to 
alert staff to patients at risk, improving commu-
nication among staff regarding fall risk status, 
ensuring safe patient transfers while toileting 
[25, 27], using equipment such as low beds with 
mats, and improving staff and patient educa-

tion are instrumental in successfully reducing 
patient falls [3, 25, 27].

18.4.2  Successful Fall Prevention 
Interventions

Innovative falls programs must confront a com-
mon fallacy held by many healthcare providers; 
falls are inevitable, not necessarily preventable 
[2]. Measures to improve overall safety in a unit 
may be helpful. A 2018 PSNet perspective dis-
cusses the specific components used in success-
ful fall prevention intervention [2]. Table  18.3 
summarizes these interventions as reported in 

Table 18.2 Falls assessment tools

Scale Development Rating system Principle constructs
Morse fall scale Developed by 

Janice Morse in 
1985

Elements rated either “yes” 
or “no,” and assigned a point 
value. Score used to 
determine risk

 • History of falling
 • Use of ambulatory aid
 • Intravenous therapy
 • Gait
 • Mental status

STRATIFY scale Developed in 
1997 by 
D. Oliver

Score used to determine risk  • Falls history
 • Patient agitation
 • Frequent toileting
 •  Transfer and mobility (number score of 

how much aid patient requires)
Hendrich II fall risk 
model

Developed by 
Ann Hendrich 
in 2003

Score used to determine risk  • Confusion, disorientation, impulsivity
 • Symptomatic depression
 • Altered elimination
 • Vertigo
 • Male patients
 •  Administration of antiepileptics (or dosage 

changes)
 • Benzodiazepine administration
 •  Poor performance in rising from a seated 

position test
Johns Hopkins fall 
risk assessment tool

Developed by 
Johns Hopkins 
Medicine in 
2005

Score used to determine risk  • Patient age
 • Fall history
 • Elimination
 • Medications
 • Use of patient care equipment
 • Mobility
 • Cognition

STEADI (stopping 
elderly accidents, 
deaths and injuries)

Developed in 
2013 by the 
CDC

Score used to determine risk  •  Toolkit contains educational materials 
geared toward patients and their families

Source: Adapted from Wong C, Recktenwald A, Jones M, Waterman B, Bollini M, Dunagen W [20].; Centers for 
Disease Control and Prevention, [21]; Poe SS, Dawson Patricia B, Cvach M, Burnett M, Kumble S, Lewis M, et al. [22]; 
Han J, Xu L, Zhou C, Wang J, Li J, Hao X, et al. [23]
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The Joint Commission Center for Transforming 
Healthcare Project [3].

18.5  Robust Process 
Improvement® (RPI)

Preventing patient falls is a complex issue that 
requires analysis to determine contributory fac-
tors and analyze the data trends. As part of The 
Joint Commission Center for Transforming 
Healthcare: Preventing Falls with Injury proj-

ect, seven U.S. hospitals used Robust Process 
Improvement®, which integrates tools from Lean 
Six Sigma and change management procedures, 
to decrease falls with injury on targeted units. 
The seven participants followed the Six Sigma 
DMAIC (Define, Measure, Analyze, Improve, 
and Control) framework to discover the caus-
ative factors and root causes for falls and falls 
with injury in the test areas [3, 24]. The seven 
study sites identified 30 root causes and devel-
oped 21 specific solutions to address those root 
causes [3, 24].

Table 18.3 Successful components in fall prevention strategy

Hospital Interventions Results Lessons learned
Bassett Medical 
Center, 
Cooperstown, 
New York

 •  Call don’t fall campaign 
targeted at patient 
toileting issues

 •  Post-fall huddles to 
identify contributing 
factors and root causes

• 43% falls reduction •  Staff concerned with patients’ 
privacy to assist with toileting

•  Reluctance of patients to ask 
for help

Baylor Scott & 
White Medical 
Center—Garland, 
Texas

 •  Revised patient 
educational materials

 •  Revised patient workflows 
for toileting and falls risk 
communication

•  Unspecified falls 
reduction

•  Post-fall assessments to 
identify contributing factors 
and root causes

Kaiser Permanente 
Zion Medical 
Center, San Diego, 
California

 •  Educating patients and 
families about the danger 
of falls

 •  Staff work with resistant 
patients to determine the 
cause and address their 
concerns

 •  Continual assessment of 
each patient’s risk level 
based on medical 
condition, medications 
and ambulation

•  Unspecified falls 
reduction

•  Interdisciplinary falls 
committee created

•  Unit huddles at the beginning 
of each shift and 2 h later 
reviewing patient changes and 
observations

Memorial Hermann 
Memorial City 
Hospital, Houston, 
Texas

•  Current falls allowed for 
increased subjectivity, 
inconsistent ratings and 
assessment

• Post fall huddle started
•  Bed alarms not 

standardized or functional

•  Falls in cardiology 
decreased 50.5% in the 
study and falls with 
injuries decreased 49.2%

•  Success credited to robust 
process improvement, 
safety culture and 
leadership commitment

•  Video of best practices 
produced including a checklist 
of critical steps to ensure 
patient safety

•  Preventing falls with injury is 
a continuous effort due to 
patients and family member 
variability

Wake Forest Baptist 
Medical Center, 
Winston-Salem, 
North Carolina

•  Impaired mobility and 
impaired cognitive 
function confirmed as key 
risk factors for falls

•  Diuretics administered 
close to bedtime identified 
as risk factor

• Unspecified falls impact •  Unit-based huddles pass on 
critical information to staff

•  Falls added to daily system 
check-in, for quality and safety 
issues

Source: Adapted from Health Research and Educational Trust [3]
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The study participants set an initial collective 
goal to reduce the rate of falls with injury by 50% 
and to decrease the overall falls rate by 25%. The 
participating institutions began with a collective 
baseline falls with injury rate of 1.31 (falls with 
injury per 1000 patient days) and a combined 
baseline falls rate of 4.00 (falls per 1000 patient 
days) [3, 24].

18.5.1  Targeted Solutions Tool

Recognizing that every organization has its own 
unique combination of contributing factors, the 
Center for Transforming Healthcare developed an 
online application called the Targeted Solutions 
Tool® (TST®) to guide organizations through a 
method for fall prevention. Embedded within the 
software application is a data collection tool that 
helps an organization in measuring and analyzing 
the contributory factors for falls. When the data 
is entered in the TST®, the software tool provides 
analysis and listing of the organization’s falls and 
falls with injury deficiencies. After reviewing 
the provided analysis, the TST® provides solu-
tions targeting the top contributing factors for 
falls and falls with injury in the unit examined 
[3]. The Preventing Falls TST® is available to 
all Joint Commission-accredited organizations. 
Further information on TST® is available at: 
(https://www.centerfortransforminghealthcare.
org/what-we-offer/targeted-solutions-tool).

18.5.2  Success

Examination of the project outcomes had surpris-
ing results. Leadership support was critical to the 
project success, confirming that those involved 
had the time to perform data collection for mea-
surement with subsequent analysis and providing 
institutional knowledge for project navigation. 
This leadership support was vital during the solu-
tion implementation phase [3].

The first key for falls prevention success was 
to effectively measure and analyze the contribu-
tory factors. A misperception discovered among 
the participants was the belief that specific con-

tributing factors had already been addressed at 
their organization. Examples included tasks such 
as having a fall risk assessment consistently used 
or proactive toileting and educating patients. The 
healthcare organizations that measured and ana-
lyzed their specific contributing factors were able 
to identify the most impactful factors for their 
areas and focus their time and resources on solu-
tion implementations targeting their needs [3].

Sustainable success was achieved by the care-
ful measurement and analysis of the specific 
causative factors at each participating institution. 
For example, an organization may employ a fall 
risk assessment but through data-driven analysis 
the organization was able to discover whether or 
not staff consistently scored the fall risk assess-
ment (interrater reliability), whether or not the 
assessment captured those patients at the greatest 
risk for falls, and whether or not the patients’ falls 
assessment was updated with changes in medical 
condition. This process led to learning and sev-
eral “aha” moments for the teams involved [3].

The second key for a successful fall preven-
tion initiative was to address culture change. It 
is imperative to have project support from lead-
ership and staff, including senior management, 
medical staff, and patient advisory council. 
Having this support will help ensure a robust fall 
prevention culture and will help raise expectations 
for fall prevention. The healthcare organizations 
with the most success were those that developed 
a philosophy of “zero falls” among all staff, from 
the chief executive officer to the maintenance 
crews. Successful falls prevention organizations 
developed a culture of pride and ownership over 
“zero falls.” Preventing falls became a mission 
that reverberated throughout the entire hospi-
tal. Successful cultures effectively used change 
management tools and approaches to support 
the culture changes. In addition, they engaged 
and partnered with patients and families to adopt 
an organization-wide commitment to improving 
safety and preventing falls [3, 24].

The Joint Commission Center for 
Transforming Healthcare: Preventing Falls with 
Injury project was successful. Participating orga-
nizations tallied a 62 percent reduction in the 
falls with injury rate and a 35 percent reduction 
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in the falls rate. A 200-bed hospital utilizing this 
approach to reduce patient falls with injury could 
see 72 fewer injuries and net $1 million in costs 
avoidance. A 400-bed hospital would experience 
134 fewer injuries and realize a $1.9 million sav-
ings in costs [3].

18.6  Radiology

Radiology is not immune from the risks outlined. 
In a 2011 American Journal of Radiology article, 
a fall rate of 0.46 per 10,000 imaging examina-
tions performed in the radiology department was 
identified [28]. The ratio of falls among outpa-
tients and inpatients was proportionate to the 
volume of imaging examinations performed in 
similar categories [28]. A 2016 Chinese study by 
Lee et al. listed falls as a concern in the radiol-
ogy department as well [29]. This elevates falls in 
radiology to a level of global concern.

The rate of falls is one piece of information 
all radiology nurse managers needs to know. Fall 
rates and prevention practices should be tracked 
as an element of your unit’s quality improvement 
program [9]. With tracking, you can determine if 
care is improving, staying the same, or worsen-
ing in response to efforts to change. Monitoring 
allows you to track your progress and identify 
areas for further interventions. It allows you to 
compare falls rates with like units such as in 
NDNQI benchmarks. It also allows a tangible 
means to celebrate successes with staff and build 
sustainable success.

There are several crucial strategies for the 
implementation of a fall reduction program. They 
include first, assessing and reassessing patient risk 
factors for falls with medical and/or environmen-
tal causes in the department. Second, identifying 
patients at risk of falling should be done. Third, 
communicating patient’s fall risk status to staff 
is important. Fourth, educating patients, families, 
and staff about how to prevent falls, and finally 
conducting analysis when a fall occurs should 
be done. The analysis can be conducted by using 
a root cause analysis (RCA) [30], conducting a 
structured, systematic technique for failure anal-
ysis to identify risks and hazards such as a radiol-
ogy failure mode and effect analysis (RFMEA) 

[31], or maintaining improvements and revisiting 
the subject with programs such as the Deming 
cycle of Plan-Do-Check-Act (Adjust) (P-D-C-A) 
[32]. Implementing some of those strategies has 
succeeded in reducing the number of falls among 
hospitalized patients and may be applicable to 
radiology areas [9, 33, 34].

The research literature in preventing falls has 
shown intercessions to be effective in reducing 
the rate and risk of falling [35]. Due to the unique 
patient population in ambulatory care includ-
ing radiology, modifications in the methods 
used to identify those at risk of falling may be 
required. The Joint Commission recommends in 
radiological settings, consideration of gait, bal-
ance, cognition, and environmental factors that 
may contribute to falls. These patient attributes 
maybe more important for considerations than 
the patient’s medication use [36].

The environment of care should be evalu-
ated for safety issues that could predicate a fall. 
Periodic assessments of individual patients and 
the service environment play an important role in 
preventing falls and limiting the harm they cause. 
Ward et al. [37] developed a fall reduction pro-
gram for their transitional care unit at an acute 
care facility that resulted in a 57% reduction in 
fall rates after 1.5 years of implementation. They 
emphasized the use of a unit-specific program to 
identify patients at high risk and to design inter-
ventions to protect at-risk patients who may dif-
fer in different units of care.

To develop a fall reduction program in a radi-
ology department, specific aspects may need to 
be considered. Patient education in the preven-
tion of hospital falls is an important facet of falls 
reduction. Simple interventions such as consistent 
assistance by staff, avoidance of walking in socks, 
careful observation of surroundings, slow and 
steady mobilization, use of eyeglasses, and use of 
extra caution if taking certain medications should 
be a part of the educational program [2, 9].

Even with the best intentions, a fall can occur. 
If an unfortunate fall does occur, it is important 
to report the event and follow institutional poli-
cies and procedures when caring for the injured 
patient or staff. Filling out the appropriate paper-
work for your quality committee or risk manage-
ment department allows for a review of the case 
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and implementation of safety practices if indi-
cated. This may help prevent others from suffer-
ing a similar fate.

18.7  Conclusion

It is not just patients but also the radiology staff 
who are at risk for falls in the department, so all 
environmental hazards need to be taken seriously. 
Preventing falls is a complicated process made 
more complicated by the diverse patient popu-
lation, rapid patient turnover, and technological 
nature of radiology. While the solutions appear 
logical on the surface and many are thought 
already to be in practice, organizations have found 
that common practices were not implemented 
consistently. By targeting solutions to their own 
specific circumstances, radiology departments 
can be confident that they are addressing the 
right problems within all the imaging modalities 
and using scarce time and resources for the great-
est impact in the department and organization. 
Taking a close examination of issues within each 
individual modality gives radiology departments 
the opportunity to implement targeted solutions 
that lead to impactful, sustained reduction in falls 
and falls injuries.
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Adverse Events

Shawna M. Butler

19.1  Introduction

Falls were discussed in the previous chapter. 
There may be times in radiology or other areas in 
healthcare organizations that falls (or some of the 
earlier discussed events from Sect. 19.3) become 
an adverse event and/or medical error. In this 
chapter, adverse events and patient safety will be 
discussed.

When discussing patient harm, many terms may 
be used by clinicians, facilities, regulatory agencies, 
or even the legal system. Healthcare is purportedly 
one of the most heavily regulated industries in exis-
tence. Regulatory oversight covers providers, prac-
tices, and hospitals. State and local agencies, private 
associations, and specialty societies are some of the 
regulatory agencies. Examples in the United States 
(US) include The Joint Commission (TJC), state 
boards of medicine and state departments of public 
health.  As a foundation, it is important to under-
stand what these terms used by these different areas 
of healthcare mean.

The Agency for Healthcare Research and 
Quality (AHRQ) considers an adverse event “to 
be harm from medical care as opposed to underly-
ing disease” [1]. Medical errors are described as 

either an act of commission or omission leading to 
either an undesirable outcome or potential for that 
[1]. You may see adverse event and medical error 
used interchangeably at times in the literature. For 
purposes of healthcare quality and safety and reg-
ulatory purposes, adverse event is typically the 
more accurate language to use. Medical error is a 
broader term. When reviewing an adverse event, it 
is necessary to determine if the event was prevent-
able as opposed to unpreventable. When reporting 
some events to external regulatory agencies, they 
will require in-depth information regarding 
whether it would be deemed preventable or unpre-
ventable. If deemed preventable, the third-party 
payers may not be obligated to pay for the patient’s 
expenses related to the event. There is more to 
come on this later in this chapter.

There are unique challenges in radiology that 
may lead to the risk for adverse events. Many 
patient interactions in radiology may be shorter 
in comparison to clinicians who interact with 
their patients for an entire shift on a medical unit 
for example. This leaves detailed information 
regarding the patient lacking at times. A patient 
who is at risk for falls may not be well known to 
those caring for them and therefore a thorough 
assessment is necessary to prevent serious harm 
from a fall. Clinicians in the radiology setting 
may be meeting patients for the first time briefly 
before an emergent procedure or testing. 
Retrieving a thorough history may be challeng-
ing at this time. It may lead to missing an allergy 
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for example. A language barrier may also present 
a potential risk since waiting for an interpreter 
may not be possible in emergent situations. Being 
aware of the potential risks related to radiology 
patients and having systems in place to attempt to 
account for that are necessary for prevention of 
radiology adverse events.

19.2  Near Miss, Never Event, 
and Serious Reportable 
Events

An event that does not rise to the level of being an 
adverse event may be a near miss. The World 
Health Organization (WHO) defines a near miss 
as “an error that has the potential to cause an 
adverse event (patient harm) but fails to do so 
because of chance or because it is intercepted” 
[2]. Understanding near misses are important 
even though the event was intercepted and/or 
caused no harm to the patient. The root causes of 
near misses and adverse events are similar. They 
both should be reported and reviewed internally 
(possible external reporting to a regulatory 
agency may be required for some adverse events 
as mentioned above) for areas of improvement 
and to prevent in the future.

A never event is a term that may not be heard 
as much anymore but is still vital to understand-
ing the background of patient safety. The term 
was initially endorsed by the National Quality 
Forum (NQF) in 2002 as events that were partic-
ularly egregious and therefore should never hap-
pen. An example of a never event is wrong site 
surgery. “Never events” are rare. Healthcare 
facilities that experience these types of events 
would risk consequences from the regulatory 
agencies who oversee them. An example of a 
consequence might be revoking their eligibility 
for reimbursement from Medicare or Medicaid.

Since the initial term “never event” was intro-
duced, it has evolved, and these types of events 
are now commonly referred to as serious report-
able events (SREs). SREs have evolved over 
time as events are better understood and as the 
complexity of the healthcare system progresses. 
The NQF frequently updates the list of official 

SREs on their website. The NQF considers this 
list “a compilation of serious, largely prevent-
able, and harmful clinical events, designed to 
help the healthcare field assess, measure, and 
report performance in providing safe care” [3]. 
The purpose of the list is to hold the facilities 
accountable to the public and to assure robust 
patient safety systems are in place to prevent 
them from occurring again to any other patients 
in the future. As of May 2019, there are 29 event 
types under 7 different categories and these can 
be found here: http://www.qualityforum.org/
Topics/SREs/List_of_SREs.aspx [4]. The 
Centers for Medicare and Medicaid (CMS) have 
also primarily adopted most of the SRE defini-
tions and therefore can withhold reimbursement 
as a penalty to institutions where these events 
occur. Most states also require licensed health-
care facilities to report SREs to the appropriate 
external regulatory agency. Where to report the 
SREs varies from state to state. It may be the 
Department of Public Health, the quality division 
of the State Board of Medicine, the Joint 
Commission, or a combination of agencies.

19.3  The Joint Commission 
and Sentinel Event Alerts

The Joint Commission (TJC) is an independent, 
nonprofit organization that accredits and certifies 
healthcare organizations. As part of TJC’s work, 
they identify and notify healthcare facilities and 
the public about sentinel events. Sentinel events 
relate to adverse events. TJC considers a sentinel 
event to be a patient safety event that involves 
one of the following: death, permanent harm, or 
severe temporary harm and intervention required 
to sustain life [5].

TJC adopted a sentinel event policy in 1996 to 
assist hospitals that experience adverse events 
improve safety and learn from those events [5]. 
They are considered “sentinel” because “they 
signal the need for immediate investigation and 
response” [5]. TJC also publishes sentinel events 
alerts for all to learn from. These alerts (see 
https://www.jointcommission.org/sentinel_
event.aspx) include the incident details, the deter-
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mined root cause, and recommendations for 
prevention. They are adopted from a pool of 
events reported to TJC.  Reporting to TJC (by 
healthcare facilities) is voluntary in most circum-
stances (this is different from the required report-
ing to the external regulatory agencies noted 
earlier in this chapter) so the list may not be com-
prehensive, but the items are still important to the 
study of patient safety.

19.4  Malpractice

Everything addressed up to this point has focused 
on either internal policies or external regulatory 
reporting agencies. In addition to understanding 
the terms related to patient safety and regulatory 
reporting, adverse events may also be an unfortu-
nate pathway into the judicial civil system for 
clinicians and/or healthcare facilities. An adverse 
event may end up as a nursing or medical mal-
practice case.

Malpractice is defined by any act or omission 
by a clinician during a treatment of a patient that 
deviates from accepted norms of practice and causes 
injury to a patient. It is the failure to exercise proper 
care in healthcare. Malpractice (professional negli-
gence) requires the following elements:

• Duty—the healthcare provider must conduct 
oneself according to a certain standard, so as 
to avoid unreasonable risk to their patients

• Breach—a failure to conform one’s conduct 
to the reasonable professional in that situation 
standard (often thought of as carelessness)

• Causation—healthcare provider’s failure to 
act with reasonable care was the “cause in 
fact” of the injury to the patient

• Damages—a physical injury to the patient for 
which there is a monetary remedy [6]

If an adverse event occurs but there is no harm, 
this cannot be deemed malpractice. All elements 
must be present for there to be malpractice. As 
you can see above under “Damages,” there must 
be an actual injury. An error without injury is not 
malpractice. Malpractice or professional negli-
gence falls under civil law, not criminal.

19.5  Clinician Accountability 
Beyond Malpractice

It is necessary to understand that because no 
harm results from an error that there are still 
potential consequences to you as the clinician. 
Most clinicians learn in their educational/training 
programs that there is a risk of malpractice in the 
profession. However, they may not realize the 
other potential measures for accountability of cli-
nicians. Being exposed to an investigation by the 
external regulatory agencies noted earlier in this 
chapter are possible. Clinicians are also subject 
to the consequences that their professional licens-
ing board may apply as well. The boards are pub-
lic advocacy boards. If a patient or facility reports 
a nurse, physician, or other clinician to their pro-
fessional licensure board, an investigation will be 
conducted. A hearing may occur, and findings 
will be determined. It is important to note the dis-
tinction between a malpractice case and a board 
complaint. Harm is not required in a board com-
plaint. The state nursing board, for example, may 
find the nurse still violated their state nursing 
practice act or acted out of their scope of practice 
and may penalize the nurse with a censure, sus-
pension, revocation, etc. There are similar licens-
ing board ramifications for physicians and other 
licensed healthcare clinicians as well. According 
to Nurses Service Organization (NSO), there are 
10 to 30 times more licensing complaints than 
malpractice claims filed against healthcare pro-
fessionals (NSO) [7]. This means clinicians 
should be more concerned with a licensure com-
plaint than malpractice.

In addition to malpractice cases, external reg-
ulatory agency investigations and board com-
plaints, a clinician may find themselves as a 
defendant party to the criminal system. This is 
much rarer than being in a civil malpractice case, 
but it is still possible. If the state prosecutor 
determines that the act (the adverse event) rises to 
the level that it should be criminal, they may 
choose to charge the clinician criminally. If a 
patient dies due to an adverse event, they may 
deem this worthy of charging the clinician defen-
dant with manslaughter, wrongful death or even 
homicide under certain circumstances. They only 
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typically rise to this level when particularly egre-
gious and/or include malicious intent. However, 
there are examples where an ambitious prosecu-
tor has criminally charged nurses without appar-
ent intent, but instead they focus on the 
recklessness or negligence aspect of the event.

In February 2019 a nurse in Tennessee was 
charged with reckless homicide after administer-
ing the wrong medication to a patient, which led 
to criminal charges. This was somewhat contro-
versial because many disagree with the idea of 
criminalizing malpractice. It is necessary to 
understand why criminalizing malpractice affects 
patient safety. While many may consider the fatal 
error so serious that it warrants serious conse-
quences, many dispute that criminalizing these 
inadvertent errors is the appropriate path. When 
systems contribute to the occurrence and even 
help lead to adverse events, should the nurse hold 
sole liability and suffer criminal consequences? 
Instead, the systems issues should be investigated 
and resolved so that no future patient suffers the 
same harm. Penalizing the nurse does not solve 
the problem if the system set the nurse up for fail-
ure in the transaction.

19.6  Reporting and Managing 
Patient Safety Events 
Internally

Harvard physician and professor, Lucien Leape, 
M.D. (deemed to be the “father of the modern 
patient safety movement”) considers punishing 
errors as the single greatest impediment to error 
prevention in the medical industry (for more 
information see http://www.hcpro.com/NRS-
252640-975/Tips-from-BESD-Its-time-to-stop-
punishing-people-for-making-medical-errors.
html).

If errors are punished, then the likelihood of 
clinicians coming forward and revealing their 
errors is minimal. Instead, the clinicians should 
be involved in the event review and are encour-
aged to be part of the investigation follow-up so 
that the true underlying issues are identified. 
Allowing those involved in the event helps to 
illuminate why the transaction did not go as 

intended. If not, the mistakes will be “pushed 
under the rug” like the old days before reporting 
events were encouraged. In healthcare patient 
safety departments all over the USA, an increase 
in reports is now viewed positively as opposed to 
negatively because it means that clinicians feel 
comfortable coming forward and reporting. This 
exhibits an open, transparent, and “just culture” 
(more to come on this later) practicing institu-
tion. Reporting structure may vary at different 
institutions, but all healthcare facilities must have 
an internal reporting process. They may be 
referred to as incident reports, occurrence reports, 
variance reports, or safety reports. Safety report 
is the preferred language since it is a focus on 
safety as opposed to an “incident” and removes 
some of the negative connotation of reporting. 
Safety reports should not be thought of as clini-
cians being “written up.” Instead they are internal 
documents that help everybody improve. They 
are the gateway to initiating the investigation and 
thorough follow-up to determine root causes and 
underlying systems issues that contribute to 
adverse event occurrence.

19.7  Current State of Patient 
Safety in the United States

Now that a foundation of patient safety terms and 
parts of the system that may be involved (regula-
tory, judicial; civil and criminal, etc.) have been 
reviewed, it is necessary to address why it is so 
important to understand patient safety at this 
juncture in time in the history of healthcare. As 
noted earlier, healthcare is considered one of the 
most heavily regulated industries in existence, 
but issues continue to persist despite this.

Patients experience medical errors at an alarm-
ing rate. This is despite the 1999 landmark report 
by the Institute of Medicine (IOM) stating that 
the approximately 98,000 patients were dying 
each year due to medical error [8]. Twenty years 
later, preventable medical harm still accounts for 
more than 100,000 deaths per year. A 2016 study 
attributed 251,454 deaths to medical error [9]. 
This makes it now the third leading cause of 
death in the United States [9]. This is so even 
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with countless programs and extensive funding to 
improve patient safety along with it being more 
widely known publicly.

19.7.1  Second Victims

Adverse events are traumatic for those closest to 
the event. Patients and/or their families are the 
primary victims who suffer the consequences of 
these events for obvious reasons. However, the 
involved clinicians may experience trauma as 
well and this is much less known and much less 
discussed. The literature refers to this phenome-
non as “second victimization.” The term second 
victim was first coined by Albert Wu, M.D., MPH 
at the Johns Hopkins School of Public Health in 
2000 [9]. It is important to acknowledge the sig-
nificance of identifying this as a known issue that 
occurs to clinicians daily all over the United 
States. It is a term that is not received well in 
some circles. Both patients/families and clini-
cians alike do not prefer the term “victim” when 
applied to the clinicians involved in the adverse 
event. For now, it is the recognized term for this 
type of harm and will be used for purposes in this 
chapter.

It is estimated that half of all clinicians will be 
involved in a serious adverse event during their 
career [10]. Some degree of emotional distress is 
likely when a clinician is involved directly or 
peripherally in an adverse event [10]. “Some cli-
nicians are affected profoundly and with poten-
tially lasting consequences” [10]. Across studies, 
the clinicians involved in these types of events 
report shame, anger, failure, depression, loss of 
confidence, post-traumatic stress, and more [10]. 
Scott reports that second victims involved in 
these types of events are also traumatized by the 
event [11]. “[M]any second victims described a 
stigma they felt after they sought assistance; they 
often felt that others saw their efforts to seek help 
as a sign of professional/personal weakness and 
vulnerability” [11]. There must be supports in 
place that assist clinicians with these events. This 
not only helps the clinician process the event, but 
it is ultimately better for patients to have healthy 
and well-supported clinicians caring for them. It 

is vital to patient safety and better patient out-
comes. Studies show there is an unmet need to 
provide support to this group of healthcare clini-
cians after adverse events [12].

Some may disregard the study of second vic-
tims and say it is all part of the profession. They 
may suggest that the clinician develop “thicker 
skin” and learn how to get beyond it. However, 
this is dismissive of the long-term consequences 
of what can occur to not only to the clinician 
themselves, but also to their loved ones, their 
workplace, patients, and the healthcare system as 
a whole. One real-life example of the conse-
quences of adverse events on clinicians is that of 
the story of Kim Hiatt in 2010. She was long time 
critical care nurse at Seattle Children’s Hospital. 
She had been a nurse for over 20  years with a 
good record and had a long expert history of car-
ing for the pediatric population (all at that same 
hospital). She was involved in a medication error 
involving an 8-month-old baby. She had inadver-
tently administered more than 10 times the 
intended amount of the medication and the child 
ultimately died 5  days later. It is impossible to 
definitively determine whether the overdose 
explicitly caused the death since the baby died 
days later and had been very sick prior to the 
event. The event led to an investigation, a board 
complaint and termination of employment. The 
investigation that ensued revealed it was the only 
serious mistake she had ever made in her career. 
She ultimately died by suicide on April 3, 2011. 
Reports revealed how this devastated her life and 
how she was punishing herself more than any 
system could have. The local author of the article 
detailing Kim Hiatt’s death and the story that led 
to this referred to it as the “twin tragedies” of 
medical errors [13]. This is one example of how 
clinicians become second victims. Systems must 
be in place to protect patient safety and our hard-
working clinicians.

19.7.2  Just Culture

Some strategies to prevent adverse events and the 
subsequent external regulatory or legal actions 
include facilities practicing the just culture 
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model. The just culture and the systems thinking 
concepts apply to the study of second victimiza-
tion. As noted above, having systems in place 
that support our hardworking clinicians is neces-
sary. This is part of the just culture model. Within 
the just culture model, staff are also not termi-
nated for simple human error. It may also be 
referred to as the “no blame” approach.

The American Nurses Association (ANA) 
Position Statement (2010) on just culture states 
that “a just culture recognizes that individual 
practitioners should not be held accountable for 
system failings over which they have no con-
trol” [14]. The just culture recognizes that 
humans by nature will make errors and that this 
does not automatically equate to incompetence 
or being a sloppy clinician. The just culture 
algorithm can help institutions with account-
ability and provider error (Fig.19.1). The algo-
rithm below has been adapted from the original 
work of David Marx.

Suspending or revoking one’s license, crimi-
nalizing unintended patient complications, and/
or terminating an employee implies that whatever 
caused an error is habitual and likely to harm 

another person. This is rarely the case. Often, it is 
a systems error that can be fixed by the facility by 
streamlining the process or implementing an 
institutional policy. Furthermore, a lack of sup-
port to clinicians may promote turnover and turn-
over is expensive to institutions [15].

The just culture does not mean that clinicians 
are not accountable for their clinical judgment or 
professional decision-making related to patient 
care. The just culture movement has promoted 
systems thinking, but there still needs to be a rea-
sonable balance between the “no blame” 
approach and the need for accountability. 
Accountability is necessary in certain circum-
stances, such as failure to heed reasonable safety 
standards [16]. An example of this may be violat-
ing a policy without good reason. Accountability 
and just culture are not mutually exclusive con-
cepts. Even if the just culture is practiced and no 
blame is placed, counseling for the staff involved 
may still be needed. There may even be times 
where an employee needs to be terminated, but 
this should not be the first line of defense. Use of 
the just culture algorithm (see Fig.19.1) can help 
serve as a guide.

Normal
Error

At-Risk
Behavior

Reckless
Behavior

Inadvertent action: slip, lapse
mistake

A choice: risk not recognized or
believed justified

Conscious disregard of
unreasonable risk

Manage through changes in:

• Processes
• Procedures
• Training
• Design
• Environment

Manage through:

• Removing incentives for At-
  Risk Behaviors
• Creating incentives for
  healthy behaviors
• Increasing situational
  awareness

Manage through:

• Remedial action
• Punitive action

Support Coach Sanction

The Three Behaviors

Fig. 19.1 Just culture. In http://2.bp.blogspot.com/-31n-YIIgdHQ/UXCCCkdME1I/AAAAAAAABdI/CaHzsvDmft0/s640/ 
justculture.gif, adapted from https://www.outcome-eng.com/david-marx-introduces-just-culture/
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Promoting the just culture in combination 
with encouraging a sense of professional account-
ability is necessary to a healthy organization.

19.7.3  Person v. Systems Approach

James Reason, a psychologist who studied human 
factors, compared the person v. systems approach 
in his seminal work [17]. The “person-centered 
approach” focuses on the individual who makes 
the error. This individual may receive education, 
training, or possibly discipline if the error was 
serious. The person-centered approach is doomed 
to fail, however, because errors have been shown 
to continue when you replace the people. The 
“system centered approach” is focused on three 
principles:

• Error is unavoidable
• Processes can be designed to reduce the pos-

sibility of error
• Processes can be designed so that errors are 

detected and corrected before harm occurs [17]

The systems-centered approach aligns with 
the just culture because it promotes learning from 
errors. It promotes systems fixes and including 
things like forcing functions or hard stops when 
dispensing or administering medications. The 
intention of the non-punitive/just culture concept 
is to perpetuate the safe environment where pro-
viders can openly discuss errors. The goal is to 
avoid the shame and blame of errors and to 
include those involved in the event to promote 
learning and prevent future errors.

19.8  The Overall Safety Culture 
of an Organization

Attribution of accidents as human failures does 
not provide a full picture of all that was involved 
and contributed to the occurrence of an event. 
The leadership of the organization must take 
responsibility for the decisions that impact safe 
functioning of the organization in its entirety 
[18]. The term “Safety Culture” was first intro-

duced after the Chernobyl disaster in 1986 [18]. 
An organization either exhibits a safety culture 
that is positive or negative. It is ultimately the 
product of the individual and groups that deter-
mine the proficiency of an organization’s health 
and safety processes and protocols [18]. A posi-
tive safety culture is one in which shared percep-
tions of the importance of safety and confidence 
in preventative measures are experienced by all 
levels of an organization [18]. Factors that create 
this positive safety culture include:

• Leadership and the commitment of the chief 
executive

• A good line management system for manag-
ing safety

• The involvement of all employees
• Effective communication and understood/

agreed goals
• Good organizational learning/responsiveness 

to change
• Manifest attention to workplace safety and 

health
• A questioning attitude and rigorous and pru-

dent approach by all individuals [18]

19.9  Investigation and Follow-Up 
of Adverse Events

When investigating events, there are many for-
mats, strategies, and templates that patient safety 
experts and organizations have published for use. 
A root cause analysis (RCA) is necessary to get-
ting to the true underlying cause of the event. The 
RCA is a structured method used to analyze seri-
ous adverse events [19]. Initially developed to 
analyze industrial accidents, RCA is now widely 
utilized as an error analysis tool in healthcare 
[19]. Since 1997 the Joint Commission has man-
dated use of RCA to analyze serious patient 
safety events (such as wrong-site surgery) [19].

A “perfect storm” often leads to an adverse 
event. The systems in place do not set the transac-
tion up for success. The Swiss cheese model by 
James Reason displays how the error falls through 
the cracks. When the hole perfectly aligns then 
the error slips through (Fig.19.2).
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One example is when a provider intends to 
order a mild sedative prior to an interventional 
radiology procedure but orders the wrong drug. 
The pharmacy then dispenses the wrong drug and 
the nurse administers the wrong drug. The sys-
tem allowed this error to fall through the cracks 
and not get caught at least three different points 
of contact (ordering by provider, dispensing by 
pharmacy, and administering by nursing).

When human error is determined to be the 
cause, safety analyst experts presume the analy-
sis was not in-depth enough. Instead, it is impor-
tant to uncover the systems issues that led to the 
ease of ability for the human to make the errors. 
In addition to the Swiss cheese model, some 
other methods to assist in conducting an RCA 
may include the five Why’s and the fishbone 
diagram.

The five Why’s is a simple process of asking 
why up to five times. The intention is that doing 
so “will lead to better understanding, to possible 
solutions, and to easier implementation of the 
solution through staff involvement” [21]. The 
Institute for Healthcare Improvement (IHI) 
encourages you to not stop asking why until you 
get to the true final root cause [22]. This may take 
more than five times. The initial responses may 
be things like “because it is my job” or “because 
we have always done it that way”, but the why 
questions must persist in order to get beyond the 
superficial layers and get to the underlying ratio-
nales as to why a step is truly being done and 
whether there is waste in the system [22]. If there 

are unnecessary steps that can be removed from a 
process than it can be removed as to prevent 
errors in the future from wasteful steps that inter-
fere with the overall process and contribute to 
adverse events. Extraneous steps that do not add 
value risk patient care as well because clinicians 
learn to do “workarounds” and skip steps as cus-
tomary part of their practice and sometimes the 
steps they skip may be the vital steps to maintain-
ing patient safety. Eliminating unnecessary steps 
may lead to compliance with necessary steps.

The cause and effect diagram also referred to 
as the “fishbone diagram” or Ishikawa diagram is 
used to display and review possible causes of a 
certain outcome (or “effect”) [23]. This can be 
used when causes logically align with certain 
pre-determined areas: materials, methods, equip-
ment, environment, and people [23]. Samples of 
fishbone diagrams can be found on the web (for 
example: https://www.conceptdraw.com/sam-
ples/fishbone-diagram, see sample 2 for a tem-
plate that is applicable to healthcare).

A cause and effect diagram has a variety of 
benefits:

• It helps teams understand that there are many 
causes that contribute to an effect.

• It graphically displays the relationship of the 
causes to the effect and to each other.

• It helps to identify areas for improvement [23].

The above represent a few examples of 
strategies and tools used in healthcare systems 

Levels of defence

LATENT
CONDITIONS
:
poor
design,
procedures,
management
decisions
etc..

ACTIVE ERRORS

Patient Safety
Incident

Fig. 19.2 Reason’s 
Swiss Cheese Model. 
Source: https://www.
researchgate.net/
publication/265177684_
Understanding_Safety_
in_Healthcare_The_
System_Evolution_
Erosion_and_
Enhancement_Model/
figures?lo=1) [20]
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to help not only conduct RCAs, but also to 
develop improvement processes that prevent 
adverse events.

19.10  Conclusion

The study of patient safety and adverse events is 
not without its challenges. Healthcare is becom-
ing increasing complex as technology advances 
lifesaving techniques and as it continues to be 
more multilayered. The fact that humans carrying 
out activities will always include a certain amount 
of inherent errors means that patient safety will be 
an important area to understand for those in all 
healthcare specialties. Since errors and adverse 
events still impact human life significantly (one of 
the leading causes of death in the United States), 
regulatory agencies will continue to enhance their 
oversight. A careful review of why errors truly 
occur is necessary to get to the true root cause. 
Without honest and open review of events, it is 
impossible to uncover the root causes and prevent 
them from happening to future patients.
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20.1  Introduction

Patient Jane is referred to you by another physi-
cian, Dr. Smith, who suspects that she has a 
tumor. He would like Jane to get a computed 
tomography (CT) imaging procedure with con-
trast to potentially diagnose and locate the tumor 
in preparation for proceeding with surgical 
resection. On the day of Jane’s CT procedure, 
you have been assigned as her radiology nurse.

You note in Jane’s record that Dr. Smith briefly 
discussed the risks and benefits of undergoing 
this procedure, however the informed consent 
form for the procedure has not been completed. It 
is your understanding the consent form and other 
documentation must be completed by the radiol-
ogy team.

Dr. Jones, the radiologist has asked for your 
assistance to obtain the patient’s consent and be 
the witness. You describe to Jane the risks such as 
pain, swelling, allergic reactions as well as the 
benefits of the procedure enabling the surgeon to 
distinguish between normal and abnormal tis-
sues, define function of the organs and if detected, 
better visualize the tumor. Jane thinks she has 
signed so many documents and asks you why this 
consent form is important.

As we review and discuss the legal and ethical 
considerations, we will use the Patient Jane 
vignette to illustrate the issues related to informed 
consent that can arise in radiology nursing 
practice.

20.2  Medical Ethics

Ethics are the standards that societies, organiza-
tions, and professions establish to define expecta-
tions for behavior among members of that 
group[1]. Medical ethics is based on ethical prin-
ciples that apply to medical practice and patient 
care [2]. The four basic principles of medical eth-
ics are: (1) beneficence; (2) non- maleficence; (3) 
respect for autonomy; and (4) justice [3]. The 
principles of medical ethics are outlined in 
Table 20.1.

20.2.1  Intersection Between Ethics 
and Law in the Context 
of Informed Consent

There is a direct correlation between informed 
consent and patient autonomy. Autonomy is a 
universal principle within healthcare, which 
affords the patient the responsibility and the right 
to make and carryout decisions based on health-
care interventions they will or will not receive 
[4]. The need to obtain informed consent arises 
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from a physician’s ethical obligation to assist 
patients in making a choice, including addressing 
therapeutic alternatives, is consistent with good 
medical practice [1].

Laws, regulations, and policies are used to 
more clearly define ethical behavior and, when 
applicable, to impose sanctions for wrongful 
actions [1]. Regulations and legal requirements 
vary from state to state and may differ in who can 
obtain consent, treatments that require consent, 
and what information should be reflected in writ-
ten documentation [5].

Legal liability for practitioners who fail to 
properly obtain consent arose originally through 
the tort of battery. Battery is a civil cause of 
action, which is the intentional, wrongful touch-
ing of another without his or her consent [1]. 
There are courts that have held that an informed 
consent claim may be asserted by a patient in the 
absence of a battery or affirmative violation of 
the patient’s physical integrity, because it is the 
duty of a healthcare provider to inform a patient 
of material information, or information that a 
practitioner knows or ought to know would be 
significant to a reasonable person in the patient’s 
position deciding whether or not to submit to par-
ticular medical treatment or procedure [6].

20.3  Informed Consent

The need to obtain informed consent arises 
because society believes that legally competent 
patients have the right of self-determination and 
to discuss the proposed plan, treatment, or proce-
dure, results, and risks so patients can make deci-
sions based on the information provided to them 

by their physician [1]. The right to consent is 
considered a basic patient right that patients or 
legally authorized decision-makers can make 
informed decisions related to their medical care 
[7]. A material risk is defined as “a risk which a 
physician knows or ought to know would be sig-
nificant to a reasonable person in the patient’s 
position in deciding whether or not to have the 
particular medical treatment or procedure” [6]. 
The informed consent process is a discussion 
between physician and patient and must include 
the material aspects of the patient’s diagnosis and 
proposed treatment that would enable a reason-
able patient to consider his or her options, includ-
ing refusing treatment [1]. As was discussed 
previously, a physician or, by extension, a health-
care provider who is knowledgeable and capable 
of reviewing the risks, benefits, and alternatives 
to a procedure or treatment can obtain consent. In 
addition, this individual may also delegate his or 
her authority to obtain consent to another mem-
ber of the patient’s healthcare team. The key is 
the healthcare professional—to which the con-
sent process has been delegated to—must be 
knowledgeable to explain the risks, benefits, and 
alternatives to the patient, to ensure they are 
informed to make a decision.

Ideally, the informed consent process should 
occur before the date of the procedure to afford 
patients the opportunity to contemplate their 
choice to proceed or forego the recommended 
procedure [8]. However, there may be multiple 
factors and variables that can impact the ability to 
consent patients within a certain period of time 
before the procedure. The physician should build 
in time within their workflow to ensure adequate 
consent discussions, including the need for any 
follow-up with the patient around the date of the 
procedure.

From a radiological perspective, types of pro-
cedures that frequently require informed consent 
include interventional radiology procedures, 
computed tomography, magnetic resonance 
imaging (with special considerations for certain 
patient populations such as a pregnant patients), 
use of intravenous contrast administration, and 
examinations that use ionizing radiation [8]. The 
material risks to consider, when applicable, 

Table 20.1 Principles of medical ethics

Beneficence To act in the best interest of the 
patient

Non- 
maleficence

To do no harm to the patient

Respect for 
autonomy

The ability of a competent patient to 
make or refuse one’s own medical 
decisions

Justice The distribution of healthcare 
resources equitably within members 
of society
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include potential risks of radiation exposure, 
adverse reactions to contrast agents, bleeding, 
infection, perforation, and death [8].

Table 20.2 describes the components of 
informed consent, which should be considered 
during the discussion between the competent 
patient and physician.

20.3.1  Emergency Consent

There are exceptions for treatment provided in 
the absence of consent when a patient lacks 
capacity and there is no legally authorized 
decision- maker identified or available. This com-
monly occurs in the context of emergency care 
rendered to an unconscious patient and is consis-
tent with the ethical principle of not choosing an 
irreversible path when faced with uncertainty [9]. 
In situations presenting substantial risk of death 
or immediate and serious harm where the 
patient’s life or health would be adversely 
affected by delaying treatment, and there is no 
evidence that the treatment is against the patient’s 
wishes, the provision of treatment is ethically and 
legally permissible. The best practice is for the 
physician performing the procedure to document 
the emergent nature of the patient’s clinical con-
dition, and once the patient is able to communi-
cate or when applicable, the legally authorized 
decision-maker is available, the physician should 
discuss and review the interventions performed.

20.3.2  Serial Consent

Serial consent is a mechanism where patients who 
are undergoing a series of pre-planned procedural 
interventions can be consented for all of the pro-
cedures during one encounter. Examples of mul-
tiple procedures where the application of a serial 
consent could be applicable are—interventional 
radiology procedures related to removing fluid 
collections, radiation oncology treatments, che-
motherapy administration, and would care 
debridements. Serial consents should be used for 
pre-planned procedures that are contemplated in 
advance, and are not recommended for urgent or 
acute clinical events. The key when determining 
whether a serial consent is legally sufficient is 
understanding whether the patient’s clinical con-
dition will remain the same during the series of 
procedures, to which the material risks, benefits 
and alternatives do not change. Thus, if the 
patient’s clinical condition changes, the physician 
must obtain additional consent from the patient 
before proceeding with the procedure and discuss 
the enhanced risks, benefits, and alternatives in 
relation to the patient’s current clinical condition.

20.3.3  Minors and Consent

In most circumstances, a minor patient’s parent, 
legal guardian, or court-appointed custodian 
must be provided the risks, benefits, and alterna-
tives related to the proposed procedure. There are 
certain circumstances where minor patients are 
considered to have the same capacity as an adult, 
and can consent to their own procedures or treat-
ment. This may vary at the state level. Examples 
include: minors who are married, legally emanci-
pated, seeking treatment for sexually transmitted 
infections, pregnancy, and contraception other 
than sterilization.

20.3.4  Consent Refusal 
and Withdrawal

A competent patient’s right to refuse a recom-
mended treatment is an important principle in the 

Table 20.2 Components of informed consent

Description of the nature of the proposed treatment or 
procedure
The name of who will perform the treatment or 
procedure
Description of the benefits of the proposed treatment or 
procedure
Description of the material risks associated with the 
proposed treatment or procedure
The alternatives to the particular treatment or procedure
The benefits and risks associated with the alternatives 
to the proposed treatment or procedure
Description of the probabilities that the propose therapy 
will succeed
Provider conflicts of interest disclosures
The patient’s right to refuse a proposed treatment or 
procedure, or withdraw previous consent
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informed consent process [7]. A patient with 
decision-making capacity can make good or bad 
decisions. Respect for patient autonomy and self- 
determination requires that decisions to consent 
to or refuse treatment originate freely from the 
patient, and can be freely withdrawn at any time 
[7]. It is recommended that the conversations 
regarding informed consent and refusal of the 
procedure or treatment be documented by the 
physician in the patient’s medical record [10].

The informed consent process describes mate-
rial risks, benefits, and alternatives. The informed 
consent process is the cornerstone of developing 
a positive relationship between patients and phy-
sicians (or their designee) as it demonstrates 
respect for their rights and interests in making 
healthcare decisions.

20.4  Nurse’s Role During 
the Informed Consent 
Process

While it is universally understood that physicians 
are responsible for informing patients of the risks, 
benefits, and alternatives of a proposed treatment, 
nurses play a vital role as patient advocates during 
the informed consent process [7]. Nurses may 
advocate to ensure patient autonomy through 
appropriate participation in the informed consent 
process [7]. There is an inherent balancing act 
between witnessing the patient signing a consent 
form and ensuring that there was adequate discus-
sion between the patient and physician, for the 
patient to make an informed choice as to whether 
or not to undergo a specific medical treatment or 
procedure. While nurses serve in an advocacy role 
with their patients, it is important to clearly define 
role and scope with patients and the physician 
members on the clinical team so as to avoid the 
appearance of consenting the patient, which could 
be considered practicing outside his or her scope 
of practice [7]. Additional consideration as to the 
nurse’s role in the consenting process relates to 
how the scope of nursing practice is defined 
within each state’s nurse practice act [7].

While the presumption, unless outlined 
within specific state law, is the nurse does not 
obtain informed consent on behalf of the physi-

cian, there are opportunities where the nurse can 
play an integral part within the consent process. 
For instance, as Table 20.3 describes, there are 
opportunities to advocate for patients, to ensure 
patients and, when applicable, their legally 
authorized decision-makers, without directly 
discussing the material risks, benefits, and alter-
natives to a procedure or treatment. When 
appropriate, and pursuant to provisions outlined 
within the respective state’s nurse practice act, 
nurses with specialized knowledge and judg-
ment can collaborate with physicians during the 
informed consent process, and, when applica-
ble, obtain consent.

There is a distinction between completion of 
the consent form—which is often signed and wit-
nessed by the nurse— and the physician’s obliga-
tion to disclose relevant information to the patient 
[7]. The form, which is used to obtain the patient, 
physician proposing to perform a procedure or 
treatment, and witness signatures, serves as a 
placeholder within the patient’s medical record, 
to demonstrate compliance with applicable state 
laws, regulations, standards set forth by accredi-
tation bodies, and hospital policy. The witness, 
which in most cases is the nurse, when signing 
the consent form is merely attesting that the 
patient signed the form—not that the patient 
understands the risks, benefits, and alternatives 
related to the procedure or treatment. This is 
important to understand because while the nurse 
may serve as a witness, ultimately the physician 
or appropriate designee remains liable to ensure 
the consent process was adequate.

While the form can serve as an indication that 
the patient was adequately informed about the 
risks, benefits, and alternatives, the form does not 

Table 20.3 Role of nurses during the informed consent 
process

Role of nurses during the informed consent process
Understanding patient rights and autonomy as part of 
participation in obtaining consent
Empowering and advocating for the patient as part of 
patient education
Addressing patient anxiety and apprehension
Collecting related documentation or witnessing the 
informed consent form
Identifying the appropriate legally authorized 
decision- maker when needed
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replace the discussion between the physician (or 
appropriate designee) and the patient [11].

Nurses can perform a collaborative role with 
the physician to help the patient understand from 
an advocacy standpoint. Ultimately, it is the 
responsibility of the physician or other provider 
who is performing the procedure or treatment, 
who has knowledge and expertise to describe the 
material risks, benefits and alternatives to obtain 
the patient’s consent before the procedure. 
Witnessing an informed consent form does not 
indicate whether the patient understands the 
risks, benefits, and alternatives to a procedure.

20.5  Capacity

Jane’s condition deteriorates, and she no longer 
seems to comprehend her medical status. Her 
daughter wants to begin making healthcare deci-
sions for Jane. How do you determine whether 
Jane has capacity to make her own decisions? If 
she does not, how do you know if it is okay for her 
daughter to decide?

All adults are presumed to have capacity to 
make medical decisions for themselves. If a 
patient becomes incapacitated, clinicians rely on 
an individual acting on the patient’s behalf to 
make decisions in the patient’s best interest, con-
sistent with the patient’s values and preferences. 
The alternate decision-maker could be a proxy or 
healthcare agent that the patient identified before 
they lost capacity or could be a surrogate who is 
allowed to make decisions for the patient based 
on their relationship to the patient under opera-
tion of law.

Competency is distinguished from capacity in 
that it is a higher standard referring to a court 
determination. In general, the four main compo-
nents of capacity evaluation include a patient’s 
ability to: (1) communicate a choice, (2) under-
stand, (3) appreciate, and (4) rationalize/reason 
in relation to their healthcare [12]. Under most 
state laws, capacity determinations are made by 
any physician involved in the patient’s care and 
familiar with the patient’s condition(s) [13]. 
Some state laws require additional measures for 
assessing and documenting capacity such as 
involvement of a second physician, particularly if 

the patient is conscious and communicative. The 
capacity to give informed consent does not nec-
essarily require a psychiatrist, and in some 
instances calling for one can be seen by some 
patients as an act of hostility, culminating in a 
risk of mistaken diagnosis [13].

When a patient no longer has decision-making 
capacity, a patient’s advanced directive (also known 
as a living will) is referred to for decisions regard-
ing care and/or authorization of a proxy decision-
maker. The scope of advance directives can vary 
but typically includes information on the patient’s 
desires for life-saving measures such as cardio-
pulmonary resuscitation, care transfer, mechanical 
ventilation, tube feeding, palliative care, and organ/
tissue/body donation. Healthcare agency delega-
tion may also be specified in the advance directive 
such as delegation of a proxy. In the absence of an 
advance directive or a living will, some states have 
enacted laws permitting family members, domestic 
partners, and close friends to serve as a surrogate 
decision- maker [1]. The priority as to which of the 
legally authorized decision-makers can consent on 
behalf of the patient varies across jurisdictions as 
well as by hospital or healthcare facility policies. If 
no surrogate is available, the state may need to 
appoint a public guardian.

In the United States, most states have laws in 
place that delineate requirements for alternate 
patient decision-makers and standards for docu-
mentation. At the federal level, the Patient Self- 
Determination Act applies to most providers and 
plans that participate in Medicare and Medicaid, 
and reinforces state laws by requiring, for exam-
ple, written information to be given to patients 
describing their rights under the applicable state 
law governing medical care decisions, documen-
tation in the patient’s medical record regarding 
any advanced directives, and protects the patient 
from discrimination based on the status of an 
advanced directive [14].

At any point in time, a patient with capacity 
can decide to override the documented advanced 
directive. As a patient’s clinical condition 
changes, their capacity may also be effected, so 
ongoing assessment is necessary to protect the 
patient’s rights to autonomous decision-making.

Nurses may ask a patient if they have an 
advance directive in order to collect documenta-
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tion or if none, to help in identifying and contact-
ing surrogate decision-makers should a patient 
become incapacitated.

20.6  Communication and Consent

The communication of information is a well- 
recognized and essential part of the relationship 
between the physician and patient, and is central 
to the process of obtaining consent [15]. Informed 
consent is more than just obtaining the patient’s 
permission to proceed with a procedure or care 
plan; it is the conversation that addresses in a 
meaningful way, the proposed plan, including 
material risks, benefits, and alternatives before 
proceeding with a mutually agreeable treatment 
plan or intervention [8]. Informed consent con-
versations are a key component of radiologic pro-
cedures, such as within interventional radiology 
[8]. The following considerations can assist the 
physician in advance of procedural consent dis-
cussions: (1) preparation through reviewing the 
patient’s history and other needs; (2) encouraging 
patients to actively participate and ask questions; 
(3) address material risks, benefits, and alterna-
tives; (4) utilize the “teach back” method to 
determine patient understanding; and (5) afford 
the patient the opportunity to contemplate their 
decision to proceed or forego the procedure [8].

Other communication considerations during 
the consent process include discussion surround-
ing patients who have a do-not-resuscitate (DNR) 
order, and respecting patient autonomy and self- 
determination while also balancing the patient’s 
treatment goals and personal values [1]. The 
patient’s nurse can be instrumental and can fully 
participate in end-of-life discussions with patients 
and families, including discussions surrounding 
DNR orders [16].

20.6.1  Use of Interpreters 
to Effectively Communicate

The Americans with Disabilities Act of 1990 
(“ADA”) disallows discrimination in employ-
ment, state and local governments, public accom-

modations and commercial facilities, 
transportation, and telecommunications. Title II 
of the ADA covers state and local governments 
while Title III of the ADA addresses public 
accommodations and commercial facilities. Both 
Titles mandate “effective communication” to 
persons with limited English proficiency (LEP) 
[17]. The ADA statute requires all public entities 
to “take appropriate steps to ensure that commu-
nications with applicants, participants, members 
of the public, and companions with disabilities 
are as effective as communications with others” 
[18]. Thus, entities which are considered places 
of public accomodations under Title III of the 
ADA, are required to “furnish appropriate auxil-
iary aids and services where necessary to ensure 
effective communication with individuals (and, 
to their companion[s]) with disabilities [19].”

Therefore, it is important to ensure for LEP 
patients that the clinical team is effectively com-
municating, and, when applicable, appropriate 
auxiliary aids and services, such as qualified 
medical interpreters, are provided.

Communication is a central component to the 
informed consent process, and it is vital to ensure 
the communication is effective for all patients.

20.7  Risk Communication 
in Radiology Practice

Dr. Smith determines that Jane has capacity to 
make her own healthcare decisions. Dr. Jones 
advises Jane that she will also need an interven-
tional radiology procedure. When she begins to 
explain to Jane the specific risks and hazards, 
Jane interrupts to say that she does not want to 
hear any more because it makes her nervous and 
that she just wants to proceed with the imaging 
and procedure.

Patients have a right to agree to or refuse treat-
ment. In order to be informed, the risks and haz-
ards as well as the benefits and advantages must 
be conveyed in order for patients to weigh the 
decision to undergo a radiology test or proce-
dures. Researchers Bedetti and Loré describe the 
different informed consent risk communication 
strategies as: (1) “don’t say a word,” assuming 
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that the expert knows best; (2) understatement, 
reassuring patients; and (3) full disclosure, includ-
ing a description of risks as variable but also dis-
closing risk information by the numbers [20].

In diagnostic radiology, there is “…lack of 
professional consensus on the duty to inform and 
on a patient’s right to consent in diagnostic radi-
ology” [21]. In the past, the predominant 
approach to informing patients of risk was the 
“prudent doctor” model, where the doctor weighs 
the risk-benefit ratio of any patient treatment and 
omits mentioning rare nonserious complications 
[22]. The more prevalent modern approach is the 
“prudent patient” model, which is based on what 
the average judicious patient would want to 
know[22].

For the general population and even health 
professionals, the difficulty in understanding 
radiology, including radiation biology principles 
such as the dose-response relationship and acute 
versus chronic effects is compounded by unfa-
miliar terminology and units of measure [23]. 
Some risks of radiation include radiation-induced 
cancers and teratogenic defects that disturb the 
growth or development of an embryo or fetus 
[24]. Risks may differ based on the patient such 
as in pediatric patients, who are more radiosensi-
tive than adults and have a longer expected life-
time, putting them at higher risk of cancer from 
the effects of radiation [25]. The complication of 
communicating risk is also marked by uncer-
tainty as, for example, scientists have noted for 
radiation cancer risk that “…it is difficult to say 
that any cancer is solely caused by radiation 
exposure, as cancer may be caused by a combina-
tion of factors” [24]. New research informing 
exposure guidelines also drives changes such as 
recent eye radiation exposure limits that were 
reduced by the U.S.  Nuclear Regulatory 
Commission to an amount four times less [26]. 
The radiology team is often best suited to inform 
both the referrer and the patient of radiology risks 
based on the type of technology and imaging 
scan protocol used. However, coordination with 
the referring team is important in order to contex-
tualize the radiology imaging or procedure rela-
tive to the patient’s underlying conditions, 
treatment course, and diagnosis so that the conse-

quences of missing imaging or procedures are 
understood.

To address the complication and uncertainty 
that patients face when making a healthcare deci-
sion, radiology team members can prepare by 
anticipating information the patient will want to 
know in dialogue with their providers, and pre-
paring consent forms that convey written infor-
mation effectively. While individual patients may 
have a different perceptions of risk and concerns 
based on factors such as their previous experi-
ences, values, and beliefs, risk communication 
preparation through message mapping is an 
effective approach used in public health that can 
be adapted to the clinical context [27]. Message 
mapping involves (1) anticipating the questions 
and concerns of the stakeholders, (2) organizing 
thoughts and ideas in response to those questions 
and concerns, and (3) developing key messages 
and supporting information [27]. In addition to 
legal and ethical analysis, the development of 
effective medical disclosure and consent docu-
ments (MDCDs) can also be informed by research 
of patient preferences. For example, in a study by 
Donovan et al. of patients who received cardiac 
catheterization, researchers concluded that most 
effective MDCDs follow the “CLOVE” frame-
work factors of completeness (including the 
range of possible outcomes), language (lack of 
medical jargon), organization (good layout and 
categorization), and volume (short and concise) 
and are the most effective as to the qualities and 
structure of the information [28]. Effective dis-
closure and informed consent depends on provid-
ing sufficient amounts of high-quality, usable 
information [29].

Nurse dialogue with patients as a means of 
risk communication helps them better understand 
their healthcare choices.

20.8  Liability Risks

Dr. Jones performs an interventional radiology 
procedure on Jane. As a result, she develops an 
extremely rare complication and suffers from 
partial paralysis. After an extended recovery, 
Jane is still very upset and feels that Dr. Jones did 
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not adequately advise her of the risk of paralysis. 
How will Jane’s case proceed if she decides to 
initiate a civil lawsuit?

Jane may initiate a lawsuit by filing a civil 
complaint against the doctors as defendants 
based on the cause of action of negligence. 
Improper consent is rarely a stand-alone civil 
claim, but when asserted, is typically added to 
malpractice (medical negligence) cases. In gen-
eral, the elements of negligence that the plaintiff 
must prove are that the defendant owed a duty to 
the plaintiff, the defendant breached that duty, 
that breach was the proximate cause of the harm 
suffered by the plaintiff, and that the harm caused 
damages. Some cases are dismissed if the plain-
tiff fails to state a claim upon which relief could 
be granted by the court. Additionally, most juris-
dictions have a statute of limitations under state 
law that sets time limits for when a medical neg-
ligence case may be brought before the courts.

If the case proceeds to court, both the plaintiff 
and defendant would likely call upon expert testi-
mony from medical professionals and/or evi-
dence such as professional medical study 
publications to support their arguments about 
whether the standard of care was met by the phy-
sician. While the definition of standard of care 
may vary, generally, it is considered what a rea-
sonable well-qualified physician would do under 
the same or similar circumstances. Documentation 
such as consent forms and notes in the medical 
record is especially important in this type of liti-
gation [30]. In this case, documentation by Dr. 
Jones of Jane’s refusal to hear about risks and 
consent to proceed would be particularly 
important.

In some informed consent cases where a 
patient alleges that a physician failed to inform 
them of risks, the defendant may assert that the 
risk was so remote and outweighed by the bene-
fits that they chose not to disclose so as not to 
alarm the patient [31]. However, this argument of 
“therapeutic privilege” to support the denial of 
full disclosure should be invoked “with great cau-
tion…for the courts view such physician conduct 
with suspicion and skepticism” [31]. In malprac-
tice actions alleging failure to warn patients of 
risks, court decisions have varied based on the 

jurisdiction. While the “prudent patient” model 
as previously discussed is the increasingly pre-
vailing approach [22], other court rulings on civil 
lawsuits alleging negligent informed consent for 
a radiology procedure have rejected the “reason-
able patient standard” because the determination 
for risk disclosure was seen as a medical judg-
ment [32]. Some jurisdictions have a hybrid stan-
dard such as in North Carolina, where patients 
are barred from recovery based on the consent 
having been obtained from both a prudent pro-
vider and prudent patient standard, or if a reason-
able person would have undergone the treatment 
or procedure had they been informed in accor-
dance with the standard [33].

The following practices could be used to miti-
gate risks in radiology practice: having written 
policies on informed consent, directly involving 
the referring physician to obtain consent, assess-
ing patients for any special risks, confirming a 
patient’s understanding of the risks, properly fill-
ing out forms consistently for thorough docu-
mentation through use of consent forms 
(including any specific risks discussed as well as 
alternatives mentioned), making notations in the 
patient’s record (including any special circum-
stances), including anesthesia-related issues if 
not already addressed in a separate form, and 
being mindful of the scope of the consent when 
performing tests and procedures. Depending on 
the jurisdiction, some of these strategies may also 
be required by law in statute or regulation.

Nurses play a key role in documentation of the 
patient’s care that is often used to defend against 
claims of negligence in civil cases.

20.9  Special Issues with Use 
of Technology

The hospital where you work has begun using 
artificial intelligence (AI) technology that draws 
on patient data andapplies predictive analytics to 
radiological images to inform their decisions. 
You are concerned about whether existing data 
sharing consents address use of personally iden-
tifiable information of patients as well as cyber-
security risks.
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Emerging technologies such as medical 
devices and machines have outpaced the develop-
ment of applicable legal parameters to guide 
implementation. In some cases, the technology 
engineers might not even completely understand 
how data is processed, leading to cybersecurity 
risks and continuous challenges for regulators 
[34]. When using a new technology in the clinical 
context such as AI or telemedicine, existing stat-
utes, regulations, other compliance requirements, 
policies and contracts need to be reviewed and 
applied in determining use parameters and modi-
fications to or development of new consent forms, 
particularly when a significant or material risk 
exists [35]. For example, many AI technologies 
rely on algorithm analysis of big data, some of 
which is medically sensitive personally identifi-
able information that is subject to federal and 
state medical confidentiality laws.

Nurses play a key role in tracking and learn-
ing about technological developments in radiol-
ogy to help facilitate communications with the 
patient regarding its use.

20.10  Key Points

 1. Ethical considerations: The right to consent is 
considered a basic patient right that patients or 
legally authorized decision-makers can make 
informed decisions related to their medical 
care, including the right to refuse treatment.

 2. Informed consent process: The informed con-
sent process describes the material risks, ben-
efits, and alternatives that is essential 
information for a patient to receive to make a 
decisions. The procedural consent form does 
not replace the conversation between the phy-
sician and patient.

 3. Nurse role in consent: Nurses play a vital role 
in advocating for patients during the consent 
process, including engaging physicians in the 
event the patient may need additional clarifi-
cation and information to make an informed 
decision.

 4. Capacity: If a patient lacks capacity, an alter-
nate decision-maker such as a proxy/health-
care agent or surrogate needs to be identified 

to make decisions unless an exception exists 
such as for an unconscious patient in an emer-
gency situation.

 5. Risk communication: Coordination of risk 
messaging between the radiology care team 
and referring care team helps to address 
patient concerns and provide the information 
necessary to inform them of the risks and 
benefits.

 6. Liability risks: Thorough documentation and 
patient record notes are key in defending civil 
cases for negligence that may arise as allega-
tions of failure to provide informed consent.
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Telephone Communications

Mary Elizabeth Greenberg and Carol Rutenberg

21.1  Introduction

Patient screening, preparation, post-procedure 
education, support, triage, follow-up, and referral 
are often the responsibility of the radiology nurse. 
Responsibilities will likely also include informa-
tion intake, update, and care coordination. All 
these activities require communication with 
patients, family, providers, and other healthcare 
team members.

These interventions require effective commu-
nication and will occur face-to-face, but it is likely 
that more often they take place remotely, primar-
ily over the telephone, but also in the patent portal 
or via other technology. In radiology, patient 
safety and quality of care depend on effective 
communication [1]; in fact, communication fail-
ure is one of the most common patient safety 
events in radiology [2]. There is strong evidence 
linking poor communication and communication 
errors to patient safety and adverse outcomes; 
patient willingness to follow care advice or rec-
ommendations; patient and healthcare team satis-
faction; and malpractice risk [3, 4].

Although this chapter focuses primarily on nurse 
patient communication over the telephone, radiol-
ogy nurse communication with providers and other 
members of the healthcare team must also be recog-
nized as a potential risk factor for patient safety. In 
fact, errors stemming from hand-off miscommuni-
cation have been identified as the leading cause of 
serious medical errors [5]. These and other commu-
nication errors have a high rate of occurrence in 
radiology settings [6]. Communication errors not 
only affect patient health outcomes but are also 
costly in terms of wasted resources and satisfaction 
for patients, providers, and staff.

It is therefore essential that the nurses involved 
in telephone or other remote communication with 
patients and providers remain aware that they are 
engaged in nursing practice and that extra cau-
tion is needed due to the inability to see and 
assess the patient in person. This chapter will 
address standards of practice for telephone or 
other remote communication, also known as tele-
health nursing, and provide some guidelines for 
the nurse that, if followed, will ensure safety for 
the patients.

21.2  Telehealth Nursing Practice

Among the sophisticated technology that impacts 
and defines the role of the radiology nurse, the 
provision of care utilizing telehealth technology 
such as the telephone, patient portal, or video 
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chat is often discounted. However, radiology 
nurses often utilize the telephone and other tech-
nologies to communicate with and provide care 
to patients both prior to and following many 
radiologic procedures. Because the telephone 
doesn’t represent sophisticated technology, it is 
often assumed that provision of care over the 
telephone doesn’t require specialized knowledge 
or skill. Although often overlooked as a source of 
risk, the potential for risk associated with this 
practice is considerable because of the need for 
the nurse to assess and manage patients who have 
potentially high-risk problems without the bene-
fit of being able to see or touch their patient. This 
type of nursing has been identified as “…one of 
the most sophisticated and potentially high-risk 
forms of nursing practiced today” [7].

Radiology nurses engaging in telehealth 
encounters do so with limited sensory input. 
They must depend on the ability to communicate 
and their sense of hearing, supported by critical 
thinking and sound clinical judgment, to provide 
safe and appropriate care. Thus, provision of care 
using telehealth technology requires specialized 
skills and knowledge that are generally not pro-
vided in undergraduate nursing education. 
Although telehealth nursing is potentially risky, 
some basic principles, if enlisted, will help ensure 
the provision of safe and effective nursing care in 
the non-face-to-face setting.

Preparing a patient for a procedure may seem 
a straightforward interaction, but it is essential 
that the radiology nurse do an adequate patient 
assessment to ascertain factors such as health lit-
eracy, identify patient concerns, and determine 
whether previously undiscovered factors exist 
that might negatively impact the scheduled pro-
cedure. However, the greatest challenge and pos-
sibly the greatest risks lie in the post-procedure 
follow-up encounters [8]. This is when the nurse 
has an opportunity to identify covert complica-
tions or other problems and provide the patient 
with support and collaborative decision-making 
to address the concern.

For example, patients who have been dis-
charged after a vascular procedure must be care-
fully assessed for pseudoaneurysm or 
hemorrhage. Peripheral circulation is always an 

area of concern in the event of vascular access. 
Furthermore, embolic phenomena are potential 
complications associated with virtually any inva-
sive intravascular radiologic procedure. However, 
alarmingly, a routine follow-up call to a patient 
might fail to disclose these problems, if the nurse 
is not actively looking for them. In other words, 
actively inquiring about peripheral circulation (in 
layman’s terms) might be necessary to identify 
an arterial occlusion. A belief that the patient will 
bring up the subject unprompted assumes a pro-
active patient who is either experiencing signifi-
cant discomfort or has a concern about an 
unexpected finding.

Because nurse patient interaction primarily 
occurs over the ubiquitous telephone, regarded 
as a device that can be used by almost anyone, its 
use is easily taken for granted. The ability to pro-
vide nursing care over the phone is rarely con-
sidered a professional competency that requires 
compliance with the standards of care. Awareness 
of and adherence to the legal, ethical, and clini-
cal standards of telehealth nursing practice 
ensures effective and safe communication with 
the patient.

21.3  Standards of Professional 
Nursing Practice

In the practice of telehealth nursing, just as in any 
other area of professional nursing practice, the 
registered nurse (RN) is accountable for compli-
ance with the standards of professional nursing 
practice. These standards provide important prin-
ciples to guide the nurse and the organization in 
provision and evaluation of clinical practice, 
design of initial and continuing education and 
training, and policy development that supports 
safe practice.

Professional standards are promulgated by 
such organizations as the International Council 
of Nurses (ICN) and national nurses associations 
such as the American Nurses Association (ANA) 
and provide general guidance to nurses. Standards 
specific to various clinical specialties are devel-
oped by specialty organizations such as the 
Association for Radiologic and Imaging Nursing 
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(ARIN). The American Academy of Ambulatory 
Care Nursing (AAACN) [9], an organization 
with international membership, has developed 
the Scope and Standards of Practice for 
Professional Telehealth Nursing (2018), which 
provide guidance and establish minimum stan-
dards of care for nurses practicing telehealth 
nursing in any setting.

Jurisdictional standards provide legal param-
eters for their country/state/municipality. 
Because telehealth encounters occur in a remote 
setting, geographical boundaries don’t exist. 
This raises jurisdictional issues. Depending on 
jurisdiction, the locus of responsibility may be 
regarded as being at the location of the patient 
while in others it might be the location of the 
nurse. Because the nurse may be providing care 
in a remote location, the nurse involved in tele-
health communication must be aware of the 
licensure and practice requirements for the 
jurisdiction in which they are providing care. 
Scope of practice is an important part of tele-
health communication. Nursing care provided 
over the phone is still nursing care. It is there-
fore essential for radiology nurses and their col-
leagues to understand the scope of practice of 
the registered nurse (RN) in contrast to the more 
limited scope of practice of licensed practical 
(LPN) or vocational nurses (LVN).

Organizational standards can significantly 
impact the quality and safety of care using tele-
health technology [7]. Nurses who provide tele-
health services must be licensed and adequately 
trained to assess patients in the potentially 
ambiguous non-face-to-face setting. Call or mes-
sage routing can significantly increase risk to the 
patient if a process doesn’t exist to eliminate or 
reduce a possible delay in care. Lack of policies, 
procedures, and in some cases decision support 
tools can further obscure the practice, leaving the 
nurse without guidance when encountering diffi-
cult situations such as a patient who is reluctant 
to seek care or lacks a reliable source of transpor-
tation. The delivery of safe care may also in part 
be dependent on the presence of established col-
laborative relationships with radiologists and 
other members of the healthcare team. Facilitated 
access to the patient’s medical record and other 

resources is also supportive of the delivery of 
effective telephonic communications.

21.4  Clinical Practice

The clinical skill set required for effective patient 
communication using technology is similar to the 
clinical skills necessary for any patient interac-
tion. However, due to the unknown nature of the 
problem and the potentially ambiguous situation, 
slight modifications in how information is col-
lected and processed should prove useful.

21.4.1  The Interview

Good communication skills and critical thinking 
are key to a meaningful telehealth encounter. 
Although messages may present through the 
patient portal, it is important to keep in mind that 
it is neither safe nor even possible to conduct an 
adequate assessment via a portal message or 
email. The patient interview is a dynamic process 
in which it is necessary to have a robust, real-time 
interaction with the patient, listening to what they 
say and how they say it. Live, real-time (synchro-
nous) communication permits the nurse to not 
only listen to the patient’s history but to concur-
rently collect nonverbal information as well, such 
as breathlessness or confusion. Additionally, con-
necting with the patient on a human level has 
been shown to facilitate the process [10]. Often, a 
meaningful outcome will be the provision of col-
laborative support to the patient, which the 
human connection helps facilitate [10].

In performing a patient interview over the 
phone, it is generally best to let the patient tell 
their story in their own way at their own pace 
because sometimes important information comes 
to them as an afterthought. Because most patients 
are not healthcare professionals, they often don’t 
discern the difference between an  inconsequential 
fact and a critical finding. It is important to listen 
to what the patient is saying (verbally and non-
verbally) and avoid common pitfalls discussed 
later in this chapter. This process yields the sub-
jective part of the patient assessment.
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21.4.2  The Nursing Process

The nursing process is widely regarded as the 
basic standard of care, providing a blueprint 
for the practice of professional nursing, includ-
ing nursing care provided utilizing telehealth 
technology. In present theory, it exists in six 
steps. The nurse first performs an adequate 
assessment to develop a nursing diagnosis 
regarding the nature and urgency of the 
patient’s problem [11]. Based on that diagno-
sis, the nurse identifies desired outcomes, 
which in turn support and inform development 
of a plan of care. Once the plan is implemented, 
the RN must evaluate the effectiveness of the 
encounter [7, 9].

21.4.2.1  Assessment
The patient history, or the telling of their story, 
yields the subjective portion of the patient 
assessment. Because the nurse is most likely 
seeking specific information, it might be tempt-
ing to try to control the pace and direction of the 
history. However, it is most likely that simply 
listening is a best practice, interrupting only to 
seek clarification. It is critical to keep in mind 
that the patient might be experiencing an unex-
pected, and thus unknown, problem that might 
or might not be related to the purpose of the 
nurse’s call and thus what is uppermost on the 
nurse’s mind. For example, although the nurse’s 
reason for the call might be to assess perfusion 
in an extremity that has been accessed, failure to 
listen to the patient carefully and with an open 
mind might result in a missed pulmonary 
embolus. That is, if the patient is focusing on 
the temperature, color, and sensation in a distal 
extremity, the patient might not feel it is related 
or even appropriate to mention chest pain or 
shortness of breath. Elements of the patient his-
tory that the RN should listen for include the 
following information at a minimum. The pru-
dent nurse will listen for these elements, asking 
the specific questions only if the patient fails to 
volunteer the information on their own. This 
process allows the nurse to form a caring rela-
tionship and get to know the patient within the 
context of the encounter [10].

• Problem: What, if anything is concerning the 
patient? What type of assistance, if any, is the 
patient seeking? Sometimes the actual prob-
lem is not evident until later in the encounter, 
so it is important for the nurse to keep an open 
mind until they have actively or passively col-
lected all relevant information.

• Onset: When did the symptom begin and was 
the onset sudden or gradual? What is its tem-
poral proximity to any specific factors such as 
a recent interventional procedure?

• Associated symptoms: What else is the patient 
experiencing?

• Medical history: What procedures or treat-
ments has the patient undergone recently? A 
review of chronic illnesses and current medi-
cations is also in order to identify unexpected 
complications or events.

• Influencing factors: What actions or interven-
tions mitigate or exacerbate the problem? Has 
the patient taken any medications, altered 
position, made any other attempts to remedy 
the situation, and what were the results? Has 
the patient noticed that anything makes the 
problem decidedly worse?

As the nurse notes these and other potentially 
relevant elements of the patient’s history, the 
nurse is thinking ahead, processing the meaning 
of what the patient is relating, clarifying, verify-
ing, identifying and/or ruling out potential prob-
lems. While the identified problem might be as 
simple as the patient’s failure to hold an antico-
agulant prior to an invasive procedure, the poten-
tial goes beyond the routine screening questions. 
Really listening to the patient provides an oppor-
tunity for the nurse to detect and waylay fear, 
confusion, or misunderstanding regarding a 
scheduled procedure. Addressing this type of 
concern over the telephone will prevent case 
backlog or waste of resources resulting from a 
patient’s inability or unwillingness to comply due 
to lack of understanding that they would need to 
lie very still without movement as a percutaneous 
tube was placed during the procedure. What may 
seem to the nurse to be a routine pre-procedure 
phone call actually provides an opportunity to 
inform, educate, and support the patient in order 
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to keep things running smoothly and prevent a 
potentially negative or embarrassing experience 
for the patient.

As stated before, telephone communication 
is a dynamic intellectual process involving criti-
cal thinking and tapping into the RNs knowl-
edge base born of education and experience. A 
lot of preliminary decision- making goes on dur-
ing this process; however, it is critical for the 
nurse to avoid bias and keep an open mind 
throughout the data collection phase.

In addition to the subjective portion of the 
patient assessment, it is also possible and usually 
necessary to identify objective findings that might 
enhance the nurse’s thinking. The nurse must 
assess the patient’s respiratory status, identifying 
findings such as tachypnea or wheezing, which is 
best done by listening to the patient. Likewise, 
neurological concerns such as confusion and 
slurred speech might be evident as the nurse talks 
directly with the patient. Background noises and 
the patient’s affect might also provide clues to the 
situation. A well-coached patient or caregiver is 
capable of being the eyes and hands of the nurse, 
serving as a surrogate to describe physical signs 
that can provide clarity. For example, the patient 
or their representative can compare the color and 
temperature of a potentially compromised distal 
extremity to the other, unaffected one. For exam-
ple, the nurse might ask the caller to “look at and 
touch” the foot, observing color and temperature 
as compared to the other foot. Likewise, hydration 
status can be assessed based on information such 
as condition of mucous membranes and urinary 
output. Additionally, many patients today have 
home medical equipment which can provide 
objective information such as blood pressure, 
temperature, weight, and blood sugar. Although 
these instruments may not be accurately cali-
brated, they nonetheless provide data for day-to-
day comparisons.

Finally, the nurse must listen or ask to ascer-
tain what the patient hopes to get out of the 
encounter. If surmised from the patient history, it 
is important to directly confirm the patient agenda 
so that the nurse may meet that request or explain 
why it is not possible to do so and negotiate an 
acceptable alternative.

21.4.2.2  Diagnosis
The assessment provides the basis of the nursing 
diagnosis, or a clinical conclusion in a telehealth 
encounter. Depending on the type of encounter, 
the assessment might lead to varying types of 
nursing diagnoses. For example, the nursing 
diagnosis in a telephone triage call is identifica-
tion and expression of the nature and the urgency 
of the patient’s problem. This problem is usually 
identified through a process of clinical reasoning 
ideally guided by decision support tools. Because 
of the complex nature of this process, it often 
requires extensive knowledge and experience. 
Likewise, if symptoms or problems are identified 
in the course of a follow-up call, what was 
intended to be a quick, routine call must now be 
recognized as a triage call. Such issues as knowl-
edge deficit or anxiety can also be represented as 
a nursing diagnosis, thus providing a basis for 
identification of desired outcomes and eventually 
informing the plan of care.

21.4.2.3  Outcomes
Based on the patient assessment and nursing 
diagnosis, the nurse identifies desired outcomes. 
This might be to address any known or suspected 
complications following an invasive procedure. 
The patient may desire to be further evaluated in 
a face-to-face setting or the patient might prefer 
being able to better understand their situation and 
to be able to care for themselves at home unless 
further problems develop.

21.4.2.4  Plan of Care
The plan of care is how the nurse and patient have 
collaboratively agreed to achieve the desired out-
comes. This might be represented as “seek care 
immediately,” “observe extremity for signs of 
vascular compromise,” or “continue home care 
unless situation deteriorates.”

21.4.2.5  Intervention
As in other nursing encounters, the intervention 
is operationalization of the plan of care. This 
provides a detailed account of how the plan will 
be carried out. In looking at the plans of care 
identified above, the corresponding interven-
tions might be “Hang up and dial 911” or 
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“Proceed to emergency department immediately 
with another adult to drive.” In the second 
instance an intervention might be to educate the 
patient and/or caregiver on the signs of vascular 
compromise, explain the significance of such 
findings, and extract a commitment from the 
patient to call back or seek care immediately if 
any of those signs or symptoms develop. Finally, 
the patient whose plan is to continue home care 
should be instructed on what observations to 
make and with what frequency, and how to care 
for himself at home. The patient should always 
be encouraged to call back (including informa-
tion of who and where to call) if any additional 
problems or questions arise. Don’t forget to pro-
vide information of who and where to call.

21.4.2.6  Evaluation
Finally, a decision must be made regarding how 
to evaluate the success of the encounter. This is 
based on progress toward achievement of the 
desired outcomes. Most simply, this can be an 
assessment of the patient’s level of understanding 
of, or comfort with, the health education/infor-
mation provided. Verbalization of understanding 
is of equal if not greater importance in the tele-
health setting where nonverbal indications of 
understanding (such as the nodding head) are not 
available. If action was taken, whether the patient 
understood the need to “seek care immediately” 
and agreed to comply might be the extent of the 
evaluation. It is important to explore this step 
carefully because a plan without action is mean-
ingless. If the patient is facing transportation 
challenges or financial concern, that might impact 
his ability to comply with the agreed upon plan of 
care. Once this secondary information has been 
gathered, the nurse might have to perform further 
interventions to collaborate with and guide the 
patient in problem solving.

21.5  Documentation

Use of the nursing process also provides a blue-
print for excellent documentation. Using this 
process as a basis for documentation enables 
the nurse to systematically record patient data 

and express conversion of that data into clinical 
information that reflects critical thinking, clini-
cal judgment, and clinical reasoning (if 
required). Further, documentation of the plan of 
care, how it is carried out, and the process uti-
lized to evaluate the care rendered (i.e., achieve-
ment of desired outcomes) will provide 
complete documentation of the nursing care 
provided and serve as a basis for follow-up 
calls, should they be necessary. As a safety 
measure, timely documentation (communica-
tion) in the electronic health record (EHR) is 
essential in radiology where the radiologist, 
referring and or consulting provider, and all 
department team members access the informa-
tion in the EHR [12].

21.6  Basic Skill Set for Telehealth 
Nursing

As has been demonstrated, nursing is nursing, 
and use of telehealth technology does not miti-
gate the nurse’s imperative to comply with the 
standards of care. However, several clinical pit-
falls have been identified which have been shown 
to negatively impact care in the telehealth setting. 
Although some were alluded to earlier in the 
chapter, they are worth specific mention in order 
to assure patient safety in a radiology telehealth 
encounter[7].

To illustrate and promote understanding of the 
importance of avoiding the pitfalls discussed, 
consider the following scenario.

A 70-year-old female had a femoral artery 
catheterization earlier today and was discharged 
home without incident. The nurse is tasked with 
the responsibility of making a follow-up call in 
the midst of a very busy workday. The patient 
states that she is “worn out” and admits to some 
vague back pain. However, when the nurse seeks 
clarification, the patient immediately discounts 
her symptoms, explaining that she already has a 
bad back and it was aggravated by having to lie on 
a hard table for an extended time prior to and fol-
lowing her procedure. She does mention, how-
ever, that it is unusual that this is radiating to her 
groin, but again, she is sure the pain is positional.
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The nurse should review and recognize the 
potential for a bad outcome in this case in the 
context of the following precautions.

21.6.1  Speak Directly 
with the Patient Whenever 
Possible

Occasionally, especially when the patient is 
likely to be regarded as a poor historian for one 
reason or another (e.g., illness, age, health liter-
acy), it is tempting to speak exclusively with a 
family member or caregiver. However, while 
these individuals can certainly participate in the 
interview, it is important to speak directly to the 
patient as well. Failure to do so may cause the 
nurse to overlook meaningful symptoms. While 
the family or caregiver may be a good source of 
information, the most accurate description of 
symptoms will come from the patient. 
Additionally, as discussed previously, direct 
auditory assessment of the patient by the nurse 
can provide meaningful, sometimes critical, 
information. In the scenario above, failure to 
speak with the patient might fail to disclose the 
nonspecific back pain.

21.6.2  Listen to the Patient

Listen to what the patient is saying. Research in 
telephone triage encounters has shown that 
nurses are occasionally poor listeners (and some-
times poor communicators as well) [13, 14]. 
Listening for subtle signs of distress or a report 
of unexpected findings may be the nurse’s first 
clue that a problem exists. Actively listening to 
what the patient says and doesn’t say may pro-
vide significant insight into what is going on 
with the patient or what the experience means to 
them. In the example of the patient with post-
procedure back pain, she made an offhand com-
ment that it is unusual for the pain to radiate to 
her groin. If the nurse hears this and follows up, 
it might lead to discovery that this is different 
than her usual back pain.

21.6.3  Anticipate Worst Possible

Although the vast majority of telehealth radiol-
ogy patients will not experience unexpected 
problems, the potential risk associated with over-
looking a potentially life-threatening problem 
does exist. An adage goes, “If you don’t find it 
often, you often don’t find it” (source unknown), 
and this certainly applies to telehealth nursing in 
the radiology and interventional radiology set-
tings. Considering our patient scenario, although 
uncommon, rare complications such as retroperi-
toneal hematoma do occur. However, if the pos-
sibility is not even considered, it might not be 
recognized until the patient is compromised.

21.6.4  Err on the Side of Caution

One hard-and-fast rule of thumb to assure patient 
safety is to err on the side of caution if there is 
even a remote possibility that the patient might be 
experiencing a high-risk complication. In other 
words, telehealth nursing (especially telephone 
triage) is often based on the practice of exclusion. 
Unless able to comfortably rule out a potentially 
life, limb, or vision threatening problem (a “worst 
possible” scenario) the patient should promptly 
be evaluated in a face-to-face setting. In our case 
example, back and/or groin pain following inter-
ventional radiology (even if it involved an 
extended period on a hard surface) must be evalu-
ated if the possibility exists and the nurse is 
unable to rule out a significant complication. 
Many have learned the parable of the little boy 
who cried wolf and feel their clinical competence 
may come into question if they “overreact” to a 
clinical situation. In telehealth nursing encoun-
ters, it is not necessary to be “right” but being 
“wrong” can prove fatal.

21.6.5  Use Caution in Accepting 
Patient Self-diagnosis

Consider the preceding example of the patient 
with the retroperitoneal hematoma. Even though 
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she admits to back pain, it is possible to summar-
ily discount the symptom if the patient explains 
that her back pain is due to the hard table that she 
laid on for an extended period prior to and fol-
lowing her procedure. Patients endeavor to find 
explanations for problems that occur which they 
did not anticipate. Although patients are often 
right in their conclusions, they can also be wrong. 
Their picture can further be obscured if they have 
consulted “Dr. Internet,” and in so doing have 
diagnosed themselves.

21.6.6  Avoid Jumping 
to a Conclusion

Closely related to other pitfalls, jumping to a 
conclusion can lead to unfavorable outcomes. 
Every encounter must be carefully considered for 
possibilities other than the obvious. Stereotyping 
patients (“she’s a frequent complainer”), assum-
ing “most common” instead of “worst possible,” 
and accepting patient self-diagnosis are all pit-
falls that can lead to unfavorable outcomes.

21.6.7  Use Special Caution when 
Fatigued or Rushed and Avoid 
Being Multitasked

It is not unusual for nurses to have multiple pri-
orities during the course of a shift. It is critical to 
be aware that fatigue, haste, and multitasking can 
all take their toll on a nurse’s ability to concen-
trate. Interruptions and distractions, both internal 
and external, might interfere with capturing and 
processing key elements of the encounter. 
Performing follow-up calls during a time with 
competing priorities or when time is short at the 
end of the day should either be avoided or 
approached with extreme caution.

21.6.8  Assure Continuity of Care 
and Document all Calls

Although telehealth nursing encounters may 
seem episodic, it is critical to remember that 

they are but one step along the continuum of 
care. If not the starting point of care, they are 
an integral part of the course of the patient’s 
medical experience. And they are almost never 
the final point along that route. Although much 
of the function of the nurse engaging in the 
practice of telehealth nursing is autonomous, it 
must be recognized that it represents a highly 
collaborative practice. Communication with 
other members of the team is of critical impor-
tance and requires careful attention to ensure 
safe transitions between clinical specialty 
areas and the community. This imperative can 
be facilitated by clearly documented nurse-
patient communication which can be accessed 
by other members of the team. This is a way to 
close real and potential gaps in care and facili-
tate safe and appropriate follow-up or interven-
tion if needed. This is especially important in 
that professionals from multiple disciplines or 
specialties are often involved in the patient’s 
care and the information communicated 
between the nurse and the patient serves to 
keep all in the loop.

21.7  Conclusion

The primary communication tool utilized in tele-
health nursing, the telephone, is often not recog-
nized as a method of delivering complex nursing 
care to high-risk patients. The process of provid-
ing care utilizing telehealth technology is more 
than simply the exchange of information, and it is 
certainly more than a “phone call.” Telehealth 
nursing is a meaningful form of communication 
and care delivery that helps ensure safe care, 
facilitate access, and enhance continuity. Without 
adequate training and recognition of the validity 
of telehealth nursing, nurses may fail to capital-
ize on the vast potential of this practice. These 
types of encounters, whether involving tele-
phones or more sophisticated technology, have 
become common practice and provide an 
 opportunity to “be there” for the patient in their 
own environment. Telehealth technology pro-
vides the radiology nurse with daily opportuni-
ties to provide patient-centered care and to 
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identify and prevent real or potential problems, 
thereby improving the health and safety of the 
patients who depend on them.
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Health Literacy

Beth Ann Hackett

22.1  Introduction

Health literacy is defined as the knowledge and 
competency of persons to meet the complex 
demands of health processes [1]. Individuals 
must be able to evaluate one’s own health, the 
health of one’s family, and the community’s 
health in order to understand which influencing 
factors lead to good health, as well as understand-
ing how to address pertinent issues. Unfortunately, 
inadequate health literacy is a widespread prob-
lem in both non-industrialized and industrialized 
nations, and it is mostly related to deficient read-
ing skills [2]. One must differentiate however 
between reading skills and understanding the 
health information put forth [1].

It is important to differentiate between literacy 
and health literacy. The term “health literacy” 
first appeared in peer-reviewed academic litera-
ture in 1974 [3]. However, by the author’s own 
report it had nothing at all to do with the current 
understanding of the concept and was more an 
accident of English than an intentional represen-
tation of a singular concept. The term health lit-
eracy began appearing in the academic 
peer-reviewed literature in earnest in the early 
1990s and has experienced nearly exponential 
growth since these efforts began [4]. In the 1900s 

research showed that there was a strong correla-
tion between education and health. As the lack of 
health literacy has been documented as a realistic 
healthcare issue, there has been much research 
and publications to address this problem. Low 
health literacy is associated with poorer health 
outcomes and improper use of healthcare. People 
cannot achieve their fullest health potential unless 
they are able to take control and understand those 
things which determine their healthcare services.

In the Institute of Medicine (IOM) report, 
Health Literacy: A Prescription to End Confusion, 
health literacy is defined as the ability of an indi-
vidual to obtain, process, and understand basic 
health information and services needed to make 
appropriate health decisions [5]. The Patient and 
Affordable Care Act of 2010 defined health liter-
acy as the degree to which an individual has the 
capacity to obtain, communicate, process, and 
understand basic health information and services 
in order to make appropriate health decisions [6]. 
An individual’s level of health literacy is deter-
mined and affected by a multitude of variants. A 
person must possess basic literacy skills that 
include the ability to read, write, speak, and com-
pute and solve problems prior to being able to 
navigate the healthcare system [7]. Additionally, 
the individual must be able to communicate and 
listen during interactions.

According to the National Assessment of 
Adult Literacy only 12% of adults have proficient 
health literacy [7]. Thus, nearly nine out of ten 
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adults may lack the skills needed to manage their 
health and prevent disease. Fourteen percent of 
adults (30 million people) have below basic 
health literacy. These adults were more likely to 
report their health as poor (42%) and are more 
likely to lack health insurance (28%) than adults 
with proficient health literacy [4]. Language bar-
riers, socioeconomic status, and educational 
attainment influences explained that even people 
with high literacy skills might have difficulty 
using information [5].

Specific outcomes associated with low health 
literacy include, but are not limited to, poor 
adherence to medical regimes, poor understand-
ing of the complex nature of their own health, a 
lack of knowledge about medical care and con-
ditions, poorer comprehension of medical infor-
mation, low understanding and use of preventive 
services, poorer overall health status, and earlier 
death [8]. Those with low health literacy tend to 
use emergency services more often, are hospi-
talized more often, are readmitted to the hospi-
tal over and over, have a hard time understanding 
numbers, such as cholesterol and blood sugar 
levels, and medication amounts, and die 
earlier[7].

22.2  Identification of Patients 
with Low Health Literacy

Providers and healthcare workers must be able 
to identify patients with low health literacy to 
provide optimum care to the full spectrum of 
their practice. Patients with low literacy have 
an inclination to present with particular tenden-
cies. The AHRQ Health Literacy Universal 
Precautions Toolkit defines red flags for low lit-
eracy. Red flags for low literacy are listed in 
Table 22.1.

People with low health literacy are less able 
to: share health history, with providers, use pre-
ventive services, such as early disease screen-
ings, or manage a chronic health problem, such 
as diabetes or high blood pressure. Low health 
literacy is linked to: low quality of care, high 
healthcare costs, poor health outcomes, and 
increased health disparities.

22.3  Barriers to Health Literacy

According to the U.S. 2003 National Assessment 
of Adult Literacy (NAAL), limited health literacy 
affects some groups more than others. These 
include the elderly, individuals with limited edu-
cation, members of minority groups who do not 
speak English as their first language, and the poor 
[7]. Additionally, even those individuals that pos-
sess good reading skills may still face low health 
literacy skills due to the fact that they are unfa-
miliar with medical terms and how the body 
works, are diagnosed with a serious disease and 
feel scared and confused, and might have dis-
abilities that make it hard to access health ser-
vices. Research demonstrates that increased age, 
low education, low socioeconomic status, and 
poor reading level are among the major barriers 
to health literacy [5]. Along with other socioeco-
nomic issues, literature reveals that one of the 
barriers faced by people having low health liter-
acy level around the world is due to misunder-
standing of health information [9]. The ability to 
correctly read medical information declines with 
age [10]. Inadequate health literacy is strongly 
linked with education. Poor understanding of 
health-related information and ignorance leads to 
poor management of health among the less edu-
cated population, leading to early deaths [5]. A 
study conducted in 11 European Union countries 

Table 22.1 Red flags for low literacy

Frequently miss appointments
Submit incomplete registration forms and take a long 
time to complete forms
Are noncompliance with medication regimes
Are unable to name medications, explain purpose or 
dosing of their medication
Identify pills by looking at them, not reading the label
Are unable to give coherent, sequential medical 
histories
Lack follow-through on tests or referrals
Forget his or her glasses and state the need to read 
materials at home
Seek help only when illness is advanced
Have a tendency to not ask questions or have fewer 
questions
Have relevant documents related to their medical care 
tucked away in their purse
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concluded that secondary and tertiary education 
contributes in improving health-related knowl-
edge among individuals [11]. The more a higher 
level of education is attained, the more health 
knowledge is improved, personal empowerment 
is gained, and self-worth is valued [12]. 
Furthermore, evidence supports cognitive impair-
ment and dementia associated with the elderly 
leads to difficulty in information processing; 
however, these are not associated with a lower 
education level [4, 13]. Low-income populations 
usually possess low reading skills resulting in 
low health literacy [10]. A good level of earning 
contributes positively to managing health and 
taking proper self-care [11]. A high prevalence of 
chronic diseases like hypertension, diabetes, and 
hypercholesterolemia leading to cerebrovascular 
disease and stroke are among the major barriers 
to health literacy as all of these diseases affect 
mental abilities and disables the brain to function 
properly [4].

22.3.1  The Language of Healthcare

Healthcare professionals have their own culture 
and language. Many adopt the “culture of medi-
cine” and the language of their specialty as a 
result of their training and work environment that 
may affect how health professionals communi-
cate with the public. This communication may 
not meet the needs of their patients, especially 
those with low health literacy. For many individ-
uals with limited English proficiency (LEP), the 
inability to communicate in English is the pri-
mary barrier to accessing health information and 
services. Health information for people with LEP 
needs to be communicated plainly in their pri-
mary language, using words and examples that 
make the information understandable.

22.3.2  Deficiency in Knowledge 
of Health Topics

In addition to basic literacy skills, health literacy 
requires knowledge of health topics. People with 
limited health literacy often lack knowledge or 

have misinformation about the body, as well as 
the nature and causes of disease. Without this 
knowledge, they may not understand the simplis-
tic relationship between lifestyle factors such as 
diet and exercise and the health consequences. 
They lack the ability to implement self-care 
activities. In 2014 an American Society of 
Neuroradiology analysis found that the patient 
education resources on their web sites failed to 
meet the guidelines of the National Institutes of 
Health (NIH) and American Medical Association 
(AMA) [14]. Members of the public may fail to 
fully understand website resources and would 
benefit from revisions that result in more compre-
hensible information cast in simpler language.

22.4  Health Literacy in Radiology

Literature analysis of the effects of low health lit-
eracy in the radiology environment is limited. A 
movement is growing within radiology to adapt to 
the changing healthcare environment and focus 
on a patient-centered approach to improve patient 
satisfaction, quality, and safety [15]. Included in 
the pre-imaging or preintervention steps for some 
radiological examinations are preps or other 
instructions that must be followed. It is challeng-
ing for radiology patients with low health literacy 
to follow written instructions regarding the home 
preparation in order for examination completion 
[16]. In a study regarding bowel preparation for 
colonoscopies, it was found that patients with low 
health literacy presented for their colonoscopies 
without having followed the bowel prep leading 
to an inferior diagnostic quality of the examina-
tion, repeated radiation exposure, or cancellation 
of the examination [16, 17]. Frequently patients 
receive written materials for radiological exami-
nations that are written at an elevated reading 
level and not well understood [14, 18–21]. In a 
study done on emergency room pediatric patients 
and the utilization of radiologic testing in this 
group, it was found that both a minority race and 
low health literacy were linked with less testing 
[22]. Failure to obtain the proper testing leads to 
improper diagnosis and treatment. A comparative 
analysis of online patient educational resources 
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was conducted for health literacy in interventional 
radiology. Researchers found that due to lack of 
reading skills, online patient education materials 
are not understood by most which leads to poor 
examination preparation as well as interpretation 
of the result in the imaging report [19]. The con-
sequences of unprepared patients undergoing 
imaging examinations may delay the imaging, as 
well as cause a delay in treatment[19]. According 
to research, there is a discrepancy between the 
level of readability of information provided on the 
internet and the literacy level of patients; thus, the 
information is not understood and interpretation 
is incomplete [23].

22.5  Interventions and Tools 
for Improving Health 
Literacy

There is a plethora of information available to 
assist in the development of educational tools for 
patients. There are, however, limited studies that 
examined the impact of different interventions for 
improving health literacy especially in specific 
populations [24]. The Centers for Disease Control 
and Prevention (CDC) website (https://www.cdc.
gov)offers a multitude of resources to assist in 
developing health communication and social mar-
keting programs [25]. The U.S.  Department of 
Health and Human Services, National Resource 
Center for Health IT, offers a guide and checklist, 
“Accessible Health Information Technology (IT) 
for populations with Limited Literacy: A Guide 
for Developers and Purchases of Health IT” 
(https://healthit.ahrq.gov/sites/default/files/docs/
page/LiteracyGuide), that can be used to develop 

and evaluate internet products for consumers on 
health information [26]. Additionally, the 
U.S. Department of Health and Human Services, 
National Cancer Institute, and National Institutes 
of Health outlines a process for developing publi-
cations for people with limited literacy skills 
called “Clear and Simple: Developing Effective 
Print Materials for Low- Literate Readers” [11]. A 
“Quick Guide to Health Literacy” is offered by 
The U.S.  Department of Health & Human 
Services, Office of Disease Prevention and Health 
Promotion. The Quick Guide to Health Literacy is 
for government employees, grantees, contractors, 
and community partners working in healthcare 
and public health fields. The guide provides infor-
mation on key health literacy concepts; techniques 
for improving health literacy through communi-
cation, navigation, knowledge building, and advo-
cacy; examples of health literacy best practices; 
and suggestions for addressing health literacy in 
your organization [11].

Some guideline information targets specific 
populations, for example, the “Quick Guide to 
Health Literacy and Older Adults” guide pro-
vides background information on health literacy, 
strategies, and suggestions for communicating 
with older adults. This guide is published by the 
U.S. Department of Health & Human Services, 
Office of Disease Prevention and Health 
Promotion’s [9].

The following tools have been developed for 
the evaluation of healthcare literacy. These are 
listed in Table 22.2.

Health finder® is an award-winning federal 
web site for consumers, developed by the 
U.S. Department of Health and Human Services 
and other federal agencies. Since 1997, Health 

Table 22.2 Tools for the evaluation of healthcare literacy

Tool name Source
Universal Precautions Toolkit www.nchealthliteracy.org/toolkit/
Optimizing Health Literacy and Access Process(Including health literacy needs, 
assessment, and intervention development)

www.ophelia.net

Building Health Literate Organizations: A guide book for Achieving 
Organizational Change (Includes excellent case studies and teach-back 
resources

www.unitypoint.org/
healthliteracy-guidebook.aspx

“Always Use Teach-back” Training Toolkit www.eteachbacktraining.org/
Enliven Organizational Health Literacy Self-assessment Resource50 www.enliven.org.au/library.html
Multidimensional health literacy measurement tools www.ophelia.net.au16
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finder® has been recognized as a key resource for 
finding the best government and nonprofit health 
and human services information on the Internet. 
Health finder® links to carefully selected infor-
mation and web sites from more than 1500 
health-related organizations [13].

According to Batterham et al. [27] health lit-
eracy is multidimensional and must be evaluated 
at varying levels. They suggest six levels of eval-
uation and potential purposes for measuring 
health literacy across the healthcare spectrum 
which are the following [27] (Table 22.3).

22.6  Improvement of Health 
Literacy

The healthcare providers across the spectrum must 
work together to ensure that health information 
and services can be understood and used by all. 
We must engage in skill building with  healthcare 
consumers and health professionals. Adult educa-
tors can be productive partners in reaching adults 

with limited literacy skills. The National Institutes 
of Health (NIH) and the American Medical 
Association (AMA) recommend online patient 
education resources written at a third-to- seventh 
grade level. Plain Language (www.planlanguage.
gov) is a technique to write clear and to the point. 
It is also a strategy we can use to improve health 
literacy. Presently, there is not a global organiza-
tion for health literacy researchers, practitioners, 
and policymakers. Therefore, there is no known 
structure through which to contact practitioners, 
researchers, academics, and policymakers work-
ing with health literacy.

The “teach-back” method has been used to 
assess patient comprehension of medical instruc-
tions and has been shown to improve adherence 
[4, 15]. Literature review confirms that both writ-
ten and verbal health information combined are 
necessary to improve the knowledge and level of 
satisfaction of caregivers at the time of discharg-
ing their patients as compared to provision of 
verbal information only [28]. Repetition rein-
forces the patient’s knowledge.

Table 22.3 Six levels of evaluation and potential purposes for measuring health literacy

Levels Potential purposes for measuring health literacy
Individual patients To problem solve for complex patients, to train staff in responding to 

differing health literacy needs
Patient groups To identify common factors that contribute to poor access and health 

outcomes to plan for services to respond to health literacy needs to inform 
advocacy activities

Individual health services To diagnose health literacy strengths and limitations of the target population 
and how these strengths and limitations contribute to known inequalities of 
access, participation in health and health outcomes to develop specific 
strategies for responding to common health literacy limitations community 
and population settings

Local areas (both health and 
community services/authorities)

To plan marketing and education strategies across services to assess the 
ability of community members to participate in community-based health 
planning activities (critical health literacy) and develop suitable approaches 
to enable their participation

National surveys (to compare regions 
and groups)

To identify relationships between health literacy and access, equity and 
outcomes, in order to develop appropriate health service and public health 
policies and strategies; plan health education campaigns, or campaigns to 
support the introduction of new services, screening initiatives (e.g., bowel or 
skin cancer) or vaccination programs; assess regional “patient difficulty” for 
planning and funding purposes (assuming that it takes more intensive 
resources to improve health outcomes for people with low health literacy 
than it does for people with higher health literacy)

Countries (international comparisons) Advocacy for governments in countries where there is systemic low health 
literacy; identify countries that are role models for how to improve health 
literacy levels of populations

Adapted from: https://ppgenf.fen.ufg.br/up/127/o/Batterham_2016.pdf
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The use of available trained professional med-
ical interpreters should be used whenever there is 
a need and the resource is available. Using family 
or friends as interpreters is not recommended as 
the interpretation may not have the intended 
meaning. The International Medical Interpreters 
Association is one available resource (see https://
www.imiaweb.org/resources/telephoneint.asp).

22.7  Conclusion

Low health literacy is known to be a “silent killer.” 
This can be tackled by closing the gaps between 
health messages and health messengers by using 
simplified language and including cultural appro-
priateness [5]. A review of the literature confirms 
that both written and verbal health information 
combined are necessary to improve the knowl-
edge and level of satisfaction of care givers at the 
time of discharging their patients as compared to 
provision of verbal information only [4, 12].

Despite the diligence worldwide to address 
low health literacy, it remains a prominent issue 
in the healthcare setting. Patients are not receiv-
ing proper health instructions due to lack of 
understanding of the information put forth, writ-
ten and digitally. It has been suggested in the lit-
erature that needs based assessments should be 
performed in order to assist healthcare providers 
in providing the most comprehensive literature to 
promote health for patients [15].

There are many tools available to measure 
health literacy; however, we need to incorporate 
and evaluate the way healthcare information is 
presented. Low health literacy has been identified 
as an ongoing issue in the healthcare environment 
that must be collaboratively and collectively 
incorporated into our workflow. Professional 
societies can play a role in increasing health lit-
eracy through promotion of patient- centered care.
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The Patient Experience 
in Radiology

Sanne H. Henninger

23.1  Introduction

Patient experience is increasingly recognized as 
one of the three pillars of quality in healthcare 
alongside clinical performance effectiveness and 
patient safety [1]. The growing body of research 
demonstrates meaningful links between clinical 
safety and focus on the patient experience. A 
summary of 55 studies indicates positive associa-
tions and recommendations for patient experi-
ence as a primary focus in safety and quality 
efforts [2]. The concepts of safety, medical errors, 
and harm have been of interest but were brought 
into focus when the Institute of Medicine’s land-
mark report, To Err is Human: Building a Safer 
Health System (1999), revealed tens of thousands 
of patients die every year from medical errors [3]. 
This interest launched an increasing focus on 
understanding how the patient experience and 
safety are inextricably linked and have been ele-
vated as the base for performance improvement 
efforts in healthcare. To be successful in this 
regard, healthcare facilities must have an integra-
tive model with system designs and a culture that 
put the patient at the center of all decisions. It 
will require teams that perform at the highest 
possible level where performance improvement 

is continuous. Nursing plays a primary role in the 
success of patient experience, team functioning, 
and performance improvement.

23.2  Importance of Patient 
Experience and Alignment 
with Safety Culture 
and Performance 
Improvement

A healthcare system should affirm that patients 
are at the center of all decisions, teamwork focus, 
and improvement strategies. When patient expe-
rience efforts are in isolation from safety and per-
formance improvement initiatives, the 
opportunities for teams to fully evaluate prob-
lems and solutions from a systems perspective is 
lost. For example, most diagnostic decisions 
come from the history-taking component of the 
patient experience with nursing and providers. 
This interaction requires comfortable and thor-
ough communication between patient and health-
care staff, typically considered a patient 
experience tactic. If that interaction is poor 
because a healthcare worker is not perceived as 
caring or is not thorough, that information gath-
ering, physical examination, lab evaluation, and 
final diagnosis may be compromised [4]. Careful 
listening is often considered a soft-skills domain 
of the patient experience but is as much about 
safety and clinical effectiveness as it is about 
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positive interactions with our patients. Studies 
show that patients are often interrupted and not 
provided the opportunity or time to tell their story 
leading to incomplete data upon which decision 
are made [5]. Research shows that enhanced 
patient experience is associated with better 
patient engagement and therefore greater adher-
ence to treatment plans and follow-up [6, 7]. 
Additionally, patients with better care experi-
ences have better health outcomes [8]. For exam-
ple, studies of patients hospitalized for heart 
attack revealed that patients with more positive 
reports about their experiences with care had bet-
ter health outcomes a year after discharge [9]. 
These are just a few examples of the importance 
of effective communication and relationships on 
the patient experience. Patient experience is also 
associated with patient loyalty, reduced likeli-
hood of malpractice claims, and even healthcare 
staff personal resilience. Patient experience is 
more than soft-skills or kindness but includes all 
aspects of the patient experience and alignment 
with all patient quality and safety outcomes is 
critical. In summary, when patient experience 
efforts are in the forefront on strategy and inte-
grated with safety and performance initiatives, 
patients have better outcomes.

23.2.1  Definitions and Key Drivers 
of Patient Experience

In order to direct efforts to the needs of our 
patients, developing patient experience defini-
tions that best encompass those needs is a critical 
first step. To start, patient experience and patient 
satisfaction are often used interchangeably but 
they are not the same thing. The term patient sat-
isfaction might be limited to soft-skills commu-
nication and pleasantries to make patients happy 
or satisfied with a healthcare event. The term 
patient satisfaction implies that the patient was 
satisfied with their care but potentially represents 
a mediocre standard. It does not embrace the 
many moments a patient may experience and is 
limited to a single emotion of “satisfaction.” 
Patient experience encompasses the range of 
interactions that patients have with the healthcare 

system, including their care from health plans, 
and from doctors, nurses, and staff in hospitals, 
physician practices, and other healthcare facili-
ties [10]. This broad concept should consider all 
of the moments a patient might experience to 
include ease of access, first encounters, feelings, 
safety, adherence to care, diagnosis, long-term 
health, communication, medical outcomes, and 
overall well-being. Definitions of patient experi-
ence and the components that drive patient expe-
rience have spanned a wide range of models with 
emerging themes. The Beryl Institute defines the 
patient experience as “We define the patient 
experience as the sum of all interactions, shaped 
by an organizations culture that influence patient 
perceptions across the continuum of care” [11]. 
The Mayo Clinic offers this definition: “An 
unparalleled patient experience is the result of 
inspired and dedicated employees demonstrating 
excellence, compassion and respect by partner-
ing with patients, family and colleagues to con-
tinuously improve the healthcare service 
experience” [12]. From their definition of the 
patient experience, the Mayo Clinic provides 
these patient experience components of focus: 
first impressions, respect and diversity, rights and 
responsibilities, hospitality, professionalism and 
healthcare literacy [12]. In a review of studies, 
Mohammed and colleagues presented the top 
three key drivers of patient experience: commu-
nication, access, and shared decision-making 
[12]. Recent studies have found that the strongest 
overall key driver on patient experience is the 
care provider interaction with the patient [13]. In 
the case of radiation nursing, patients seek a close 
relationship with the clinical staff who often 
spend the most time with the patient and the 
patient would perceive the nursing staff to be a 
most important care provider. Identifying strate-
gies for how to develop a relationship with 
patients will be important. Research shows that 
empathy leads to better exchange of information, 
partnership, increased perception of expertise, 
increased interpersonal trust, and a positive cor-
relation with patient care [14]. A synthesis of the 
research on patient experience produced key 
determinants for positive patient experience: 
healthcare workers who are empathetic, respect-
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ful, timely, collaborative, compassionate, 
informed, active listeners, curious, and under-
standing [15]. Patients’ reports of doctor commu-
nication are the strongest predictors of overall 
doctor ratings for both primary care physicians 
and specialists [16, 17]. Other important facets of 
the patient experience consistent in research 
include coordination of care, communication 
between referring and specialist practices, giving 
patients handouts that they are able to read and 
understand, close follow-up care instructions, 
quick access to care, pre-appointment communi-
cation if long waits are anticipated, and manag-
ing patient expectations before, during, and after 
the visit [18]. Recommendations for improving 
the patient experience in specialty encounters 
listed similar components and provided defini-
tions of each as follows:

• Expectations: Providing an opportunity for 
the patient to tell their story.

• Communication: Patient satisfaction increased 
when members of the healthcare team took the 
problem seriously, explained information 
clearly, and tried to understand the patient’s 
experience, and provided viable options.

• Control: Patient experience is improved when 
patients are encouraged to express their ideas, 
concerns, and expectations.

• Decision-making: Patient satisfaction 
increased when the importance of their social 
and mental functioning as much as their phys-
ical functioning was acknowledged.

• Time spent: Patient satisfaction rates improved 
as the length of the healthcare visit increases.

• Clinical team: Although it is clear that the 
patient first concern is their clinician, they also 
value the team for which the clinician works.

• Referrals: Patient satisfaction increases when 
they receive continuing care from the same 
healthcare provider(s).

• Dignity: As expected, patients who are treated 
with respect and who are invited to partner in 
their healthcare decisions report greater satis-
faction [19].

Given the daunting number of communication 
interventions, researchers have suggested that a 

key strategy is focusing efforts on aspects of 
communication that are most important to 
patients in each specialty area [20]. For instance, 
Halkett and O’Connor offer this helpful quote 
regarding the specialty of radiation oncology: “In 
our previous research we also found that patients 
placed high importance on radiation clinical staff 
communicating effectively and were pleased 
when they were able to form a relationship with 
the radiation clinical staff who treated them regu-
larly throughout their treatment. Much of our 
time is focused on patients; however, involve-
ment of family members is also likely to improve 
the experience of patients and their loved ones” 
[21]. The point taken from this article is that 
understanding the specific needs of patients 
based on specialty areas is important to have in 
mind, and in the case of radiation nursing, the 
focus on the relationship will be most important.

23.2.2  The Patient Experience 
and Communication

Given that the key drivers for patient experience 
involves the relationship the patient perceives to 
have with the healthcare staff and the effective-
ness of communication, this section will focus on 
best practices in these areas. It is important to 
note that any efforts to improve the patient expe-
rience will require that nursing works in close 
partnership with providers and physicians and 
those improvement efforts should be clearly 
defined and based on patient feedback and needs 
[22]. The teamwork section of this chapter will 
further discuss coordination among staff for the 
patient experience but with regard to communi-
cation, when clinical staff and providers coordi-
nate their strategies around patient needs, service 
area priorities, low scoring patient experience 
components, or deficits in communication skills, 
everyone benefits. For instance, providers and 
clinical staff might discuss a difficult patient sce-
nario or a special patient need and coordinate 
their language, timing, and messages to success-
fully support a patient. Perhaps the system work-
flow might be changed to allow for more personal 
interactions with clinical staff or if metrics reveal 
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that patients need clear instructions (and are not 
perceiving to receive them), staff can coordinate 
to use words, handoffs, language, repetition in a 
coordinated and consistent way. Another key 
strategy relies on the personal improvement goals 
and skills of each nursing staff. Nursing staff are 
encouraged to identify personalized phrases, 
greetings, and responses that are not scripted but 
thought-out and natural. These personal formulas 
might be used for difficult situations or for 
improved ways of connecting with patients. In 
this way, staff can feel at ease and capable of 
managing a variety of interactions in a personal, 
natural, and effective manner. Often, clinical staff 
might even develop a list of difficult interactions 
with personalized phrases for reference. It is not 
necessary to develop exact or memorized phrases 
but it can be helpful to have a sense of how to 
manage situations that reoccur. While there are 
many communication techniques and scripting 
phrases to consider, there are best practices for 
communication with patients based on a synthe-
sis of the research on communication. 
Communication priorities for patient experience 
improvement will include building rapport, lis-
tening, showing empathy and respect, and giving 
clear instructions. Healthcare workers can ensure 
patients feel attended to in a personal way by 
relaxing the appearance of any time urgency with 
a calm, caring demeanor particularly at the greet-
ing. The greeting and opening moments and time 
together are critical in establishing psychological 
safety and comfort for the patient and in building 
rapport for a strong ongoing relationship. From 
the beginning, narrating care and the sharing of 
next steps reassures patients, provides a sense of 
structure to the conversation and offers them a 
sense of control when they are otherwise feeling 
uneasy. Techniques for reassurance include shar-
ing confidence in the physician and facility by 
discussing credentials or offering personal 
phrases and styles of putting the patient at ease 
[23]. It is helpful to watch the facial expressions 
and body language of a patient to determine what 
kind of connection will make a patient comfort-
able. Patients feel more confident when the 
healthcare organization or caregivers have been 
praised with high regard. An example might be, 

“Dr J is an excellent doctor and he/she and I have 
worked together for many years. We are going to 
take great care of you.” Patients are made more 
comfortable when they feel heard, listened to and 
understood, so we have to give clear evidence of 
both [24]. In order for patients to feel more com-
fortable, another important skill to develop is that 
of redirecting a patient without seeming dismis-
sive. An example of supportive communication 
particularly if redirecting might be, “Thank you 
so much for sharing that. It is helpful that you are 
organized. I have another question I would like to 
ask you that is so important to your care.” A help-
ful mnemonic for improved listening skills is the 
Invite, Listen, and Summarize sequence that 
can be applied to understanding a patient’s 
reports of their ideas, feelings, and values and to 
ensure a display of understanding and empathy 
[25]. Empathy skills involve the acknowledg-
ment and recognition of the journey or feelings a 
patient communicates directly or indirectly and 
then the communication of that recognition. A 
helpful mnemonic for acknowledgment of feel-
ings is NURS; Name the feeling, Understand 
and legitimize it, Respect the patient’s attempts 
to cope, and offer Support and partnership in the 
future. Clinicians are encouraged to invite the 
patient to offer corrections and incorporate them 
into the summary. Another consistent driver of 
patient experience is the show of respect by the 
healthcare worker. Based on research from the 
Learning Lab of the Studer Group, certain tactics 
have been identified as being most impactful on 
improving a patient’s perception of respect [22]. 
Those are greeting with professionalism, demon-
strating empathy, using direct phrases that indi-
cate caring “I care about you and your health…,” 
and effective service recovery responses with an 
acknowledgement of feelings and then an apol-
ogy. Research shows that patients forget 40–80% 
of the medical information patients receive by the 
time they leave the provider’s office [26, 27] and 
nearly half of the information that patients retain 
is incorrect [28]. Providing clear instructions is a 
patient need listed in the literature that can occur 
with verbal explanations supplemented with 
written information [22]. There are three tactics 
to consider. The first is to notify patients in 
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advance of the session that written information 
will be provided. A second method is the Teach 
Back Method which is as simple as asking the 
patient to repeat back what they understood about 
next steps and follow-up care. It also further 
engages patients in discussion and interest in 
their own care. The authors of The CG CAHPS 
Handbook [22] offer these helpful sentences to 
share with patients as part of the Teach Back 
Method: “Mrs. A, we are covering a lot of infor-
mation today for this visit. I care that you walk 
away from this informed. You must have some 
questions for me. I am happy to answer.” “I want 
to do a good job of explaining everything we are 
covering today during your visit, so please tell 
me when something I said isn’t clear or if you 
have any questions.” “To help me know if I did a 
good job of explaining…”. In summary, it is 
important to identify the special needs of patients 
per service area and to recognize the needs of 
each patient. Then, learning skills for particular 
areas of communication using techniques or 
developing personalized phrases are ways to 
build a reassuring, empathetic relationship that 
supports patients many emotional and physical 
needs.

23.2.3  Domains of Patient 
Experience Models 
for Improvement

In order to improve patient care, pursuing a 
patient care-system design that gives full atten-
tion to the medical, emotional, and informational 
needs of patients and their families will have to 
involve focus areas that will reach of the growth 
and culture requirements of the healthcare entity. 
The Mayo Clinic provides the following com-
mon domains found in successful models: ser-
vice recovery training, metrics with clear 
measures of success, staff accountability, con-
sultation services, education and training, moni-
toring and recognition and reward [12]. 
Additional domains could include physician and 
clinical staff coaching, sustainment plans, patient 
advocacy for patient complaints and grievances, 
and learning resources for improving the patient 
experience.

23.2.4  Measurement of the Patient 
Experience

Healthcare organizations typically have access to 
or can easily gather various types of administrative 
data to determine which performance issues should 
be targeted. Examples of sources of administrative 
data include the CAHPS family of surveys. The 
Consumer Assessment of Healthcare Providers and 
Systems (CAHPS®) is an Agency for Healthcare 
Research and Quality (AHRQ) program that began 
in 1995 [29]. Its purpose is to advance our scientific 
understanding of patient experience with health-
care. The acronym “CAHPS” is a registered trade-
mark of AHRQ.CAHPS surveys cover topics that 
are important to healthcare consumers and focus on 
aspects of quality that are best qualified to assess, 
such as the communication skills of providers and 
ease of access to healthcare services. All CAHPS 
surveys (and tools) and related documentation are 
free to anyone who wants to use these surveys to 
assess patients’ experiences with care. Users of 
CAHPS survey results include patients and con-
sumers, healthcare providers, public and private 
purchasers of healthcare, healthcare accreditation 
organizations, health plans, and regional improve-
ment collaboratives. These individuals and organi-
zations use the survey results to evaluate healthcare 
providers and to improve the quality of healthcare 
services [10].The following are key steps for 
improving the patient experience offered by 
AHRQ:

• Compare your scores to benchmarks.
• Compare your current scores to past 

performance.
• Assess which aspects of performance are most 

relevant to your members or patients.
• Review complaints and compliments, patients’ 

comments, and administrative data [30].

23.3  Teamwork as a Part of Safety, 
Quality, and the Patient 
Experience

It has widely been established that organizational 
culture is related to performance [31]. There is 
also broad acceptance within the healthcare  
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literature of the importance of culture on patient 
outcomes to include patient experience, safety, 
and medical outcomes [32]. Many organizations 
such as the Joint Commission (TJC), Institute for 
Healthcare improvement (IHI), the National 
Quality Forum (NQF), and the Accreditation 
Council for Graduate Medical 
Education(ACGME) have sited of the impor-
tance of teamwork and patient safety [33]. The 
saying by Peter Drucker, “Culture Eats Strategy 
for Lunch” [34], suggests and reminds us that no 
operational effort can succeed without a culture 
of employees that support it. In order for a patient 
experience effort to be successful, the coordina-
tion of the staff around that effort will be required. 
This is more likely to happen in a supportive 
environment that fosters psychological safety 
and has clearly defined communication protocols 
and meeting structures as well as team coping 
skills for stress management and conflict resolu-
tion. For instance, we cannot implement a pro-
cess improvement strategy if the employees are 
not ready for change, are overworked, or if rela-
tionships are poor. When a culture is defined by 
stress, conflict, or poor communication, it is not 
possible for improvement efforts to move for-
ward. On the other hand, it is possible to have a 
culture where employees are not stressed and 
have good communication and coping skills but 
who have no interest or structure by which to 
improve processes. In that case, the mission 
needs to be redefined and new team norms need 
to be established. In the wake of reports docu-
menting the sources of medical errors, there is a 
belief and re-invigorated focus on the notion of 
culture change to include team coordination as a 
key element of health system redesign [3]. A 
healthcare system must fully embrace an integra-
tive model that builds systems, processes, and a 
culture that puts patient experience and patient 
safety at the heart of all decisions and does so by 
engaging staff and fostering an environment 
where collaboration is a natural part of daily 
work. Nursing plays a primary role in the overall 
functioning of a healthcare system and its suc-
cess in these areas. The following section will 
explore the importance and methods of team-

work, a program called TeamSTEPPS for build-
ing teams, culture, and strategies that lead to 
successful patient outcomes.

23.3.1  The Models and Domains 
for Building a Teamwork 
Culture in Organizations

A synthesis of research reveals themes of what 
comprises the healthy culture of an environment. 
Those would include leadership alignment 
among the leaders and with the mission values 
and goals, effective teamwork, mutual account-
ability, behavioral norms, support, performance 
management, reward systems, conflict manage-
ment systems, role clarity monitoring, clear pro-
cesses and procedures, and employee 
engagement. Davies (2002) offered practical 
steps and interventions for each of these areas 
[35, 36]. The next section will provide informa-
tion about the most prominent healthcare team-
work program today, which is TeamSTEPPS 
(Team Strategies and Tools to Enhance 
Performance and Patient Safety).

23.3.2  TeamSTEPPS®

Given the necessity for cooperation among 
healthcare workers who are dependent on one 
another, it is critical that they are successful as a 
team. Teamwork requires an organization that is 
committed to sustaining a patient-centered cul-
ture as well as competencies and beliefs that 
become permanent mental models for how a 
healthcare facility functions as it relates to inter-
actions beyond the process improvement 
domains previously discussed. The best and 
most widely known teamwork program is the 
Team Step Strategies and Tools to Enhance 
Performance and Patient Safety (TeamSTEPPS) 
[37]. TeamSTEPPS is a systematic approach 
developed by the United States Department of 
Defense and Patient Safety Program and the 
Department of Health and Human Services 
Agency for Healthcare Research and quality 
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(AHRQ). It works to improve the quality, safety, 
and the efficiency of healthcare [33]. The pro-
gram was built on research conducted in health-
care that first determined the core mechanisms 
of teamwork that became the foundation for the 
TeamSTEPPS program. Those core mechanisms 
are communication, leadership, situation moni-
toring, and mutual support.

The AHRQ then designed tools to help health-
care staff members build skills around the core 
competencies. For communication, the com-
monly used acronym, SBAR stands for: situa-
tion, background, assessment, and 
recommendation. This tool organizes communi-
cation to be brief, timely, and clear in verbal con-
versation or as a written template in the variety 
of electronic communications. A nurse could use 
the format to organize personal conversation or 
as an electronic template with prompts added to 
ensure critical information is collected or pro-
vided. For handoffs between staff members dur-
ing patient care, mental and verbal checklists can 
ensure all patient care information has been 
transmitted. An appropriate handoff also requires 
that the staff members receiving information ask 
the right questions for clarification to ensure a 
final handoff. AHRQ used the term “Call-out” 
for healthcare workers to point out a potential or 
real error. It is suggested that assertive commu-
nication should be clear, direct, and respectful. 
Healthcare workers are encouraged to practice 
phrases they are comfortable with when pointing 
out potential errors. Teams are encouraged to 
discuss communication patterns openly in staff 
meetings in order to establish ground rules for 
how best to phrase needs and recover from poor 
interactions. The management of meetings is 
another area addressed in the communication 
section of the AHRQ TeamSTEPPS [37] pro-
gram. The Brief is a meeting that occurs between 
nursing staff and providers they support in prep-
aration for a variety of events such as a difficult 
patient, a procedure, and early in the day orga-
nize patient flow. These meetings are most effec-
tive when they follow a standard checklist so that 
healthcare workers are prepared to ask questions 
or respond to predicted questions. It can be very 
effective for clinical staff and providers to brief 

to begin the day with a shared understanding of 
patients’ needs as well as clarification of needs 
for one another. The Huddle is a meeting 
designed to be impromptu and to respond to 
changes or urgent situations. Huddles are a semi- 
structured kind of meeting designed to respond 
to urgent situations while quickly getting people 
organized. Finally, the Debrief is a meeting that 
follows an event such as the end of the day, the 
end of a week, or after an encounter with a dif-
ficult patient scenario. It is designed for staff 
members to recover, regroup, or to learn from an 
event and to bring people together. Learning 
from these meetings can often be tied to perfor-
mance improvement efforts and tend to generate 
discussion around events as opposed to pointing 
out blame.

Conflict management is a critical component 
to TeamSTEPPS in that conflict and disagree-
ments are a primary source of nursing turnover 
and sentinel events [38].TeamSTEPPS provides 
this acronym for managing difficult conversa-
tions: DESC which stands for Describe, 
Express, Suggest, and Consequences and is 
used for organizing thoughts before having a 
difficult conversation. Feedback guidelines for 
communication suggest it should be timely, 
respectful, specific, directed, and considerate. 
Situation monitoring involves a team’s commit-
ment to watching the flow of work as it changes 
through the day and knowing how and when to 
assist one another. It is important that team 
members come to agreement for norms and 
ground rules around mutual support and task 
assistance. This may involve some discussion 
around role clarity, the changing demand of the 
workflow through the day, and ground rules for 
how to ask for help and how to gracefully 
decline. The developers of TeamSTEPPS are 
clear that embedding this program into a culture 
cannot be successful simply through training 
but must be embedded into orientation pro-
grams, ongoing training efforts, regular local 
meetings, customized interventions by clinical 
area and offered regularly to leaders. 
TeamSTEPPS is a widely used, evidenced-
based program that has successes consistently 
supported in research.
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23.3.3  Performance Improvement 
Models

Healthcare cultures, teamwork, and coordination 
have been associated with success in the imple-
mentation of continuous quality improvement 
practices [38].Patient communication and safety 
culture initiatives must be integrated with a sys-
tematic, structured performance improvement 
model that continuously focuses on problem 
solving and provides metrics on the progress of 
the patient experience. The AHRQ CAHPS 
Improvement Guide [10] lists these three main 
models: The Institute for Healthcare 
Improvement’s Model for Improvement, Lean and 
Six Sigma. Key principles for operational excel-
lence in healthcare are the development of a cul-
ture that sees problem solving as continuous with 
rapid cycles of experimentation. In this paradigm, 
engaged employees collaborate with leaders and 
problems are addressed immediately. If those 
problems lead to successful outcomes, improve-
ments identified as best practices are then shared 
across the system. Problem solving follows a sci-
entific process using the PDSACycle (Plan, Do, 
Study, Act) method and for larger improvement 
projects the DMAIC model is used (Define, 
Measure, Assess, Improvement opportunities and 
Control and sustain) [10].

From the May 2017, AHRQ Ambulatory 
Care Improvement Guide, steps for improve-
ment are encouraged at the micro level: “To 
develop and refine such systems, healthcare 
organizations start by defining the smallest mea-
surable cluster of activities” [10]. Healthcare 
organizations can take advantage of established 
principles and approaches to quality improve-
ment, and should involve employees from a 
bottom-up approach with those closest to the 
problems, solving the problems. First, metrics 
are reviewed and clinical areas are identified as 
priorities for improvement goals, strategies, and 
interventions. A possible action plan is estab-
lished with identified goals that should follow 
the SMART model (specific, measurable, 
achievable, realistic, and time bound) [10]. The 
guide offers this list of common features for 
improvement models:

• Emphasis on leadership to hold people 
accountable, communicate the vision and 
strategy, and eliminate cultural and other bar-
riers to improvement.

• Clear goals.
• Use of measurement and analysis to identify 

issues and guide decisions.
• Emphasis on stakeholders as participants and 

audiences for the improvement processes.
• Use of structured, iterative processes to imple-

ment improvement interventions.
• Use of many of the same tools to support anal-

ysis and implementation.
• Monitoring of front-line clinical activity 

through observations and the collection and 
reporting of process data as feedback on the 
effect of changes or to track the progress of 
the implementation process.

• Transparent metrics.

23.4  Conclusion

Several key points have been made in this chap-
ter. First, it is important to understand that patient 
experience, teamwork through safety culture, and 
performance improvement must be integrated 
into a single paradigm and jointly drive all deci-
sions for patient care. It has also been established 
that key strategies should be developed based on 
the needs of patients by specialty area and per-
sonalized for each staff member. Many tech-
niques are available for learning positive 
communication skills and several examples were 
offered. Improving patient communication is also 
a strategy for patient safety given that when 
patient communication is enhanced patient out-
comes are improved. Patient experience out-
comes cannot be improved without the 
coordination of the team members who rely on 
one another. A teamwork section was offered that 
focused on TeamSTEPPS, a widely used health-
care teamwork program. It is important that 
teams join together in regular discussion about 
norms for communication, positive interaction, 
handoffs, call-outs, meetings, briefs and debriefs, 
and for managing conflict and stress. Nursing is a 
critical component and central to the success of a 
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healthcare organization. Nursing insights move 
beyond medical care of a patient to the medical, 
emotional, and cognitive needs of the patient. 
Nursing is also instrumental in the health of the 
organization as they play a key role in monitoring 
both patient well-being and the well-being of the 
culture around them.
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Children and Young People 
in Radiology

Joan Turner

24.1  Introduction

Radiologic imaging is an example of a common 
yet potentially complex medical experience requir-
ing children and young people (CYP) and families 
to engage with the healthcare system for a rela-
tively time-limited but potentially stressful event. 
Used to diagnose, monitor and screen, or treat a 
condition the range of available imaging proce-
dures often place CYP in the unusual position of 
entering a strange environment where the expecta-
tion to cooperate and participate is high and the 
individual’s ability to cope is challenged. Views on 
what makes a pediatric imaging procedure a suc-
cess are dependent on the differing goals and val-
ues of all of the stakeholders, including the 
CYP. Prepared from the viewpoint of a child life 
specialist, the best interests of CYP are at the cen-
ter of the discussion presented in the chapter. Ideas 
of ways in which to plan environments that align 
with the experience of the CYP as a competent and 
capable participant are emphasized.

Application of an ecological model draws 
attention to the nature of the interactions of the 
CYP with existing systems, particularly highlight-
ing the status of the individual as an active agent. 
While the present discussion will deal primarily 

with factors in the immediate context of an imag-
ing procedure, acknowledgement of the advocacy 
role of pediatric radiology nurses to advance the 
interests of the CYP through policy and proce-
dural change is also offered. Therefore, approaches 
for appreciating the potential strengths of the 
CYP undergoing an imaging procedure will be 
outlined followed by a presentation on ways to 
engage their competence and capacity through 
welcoming relationships, inviting collaboration, 
and recognizing success. Ultimately, the goal of 
fostering a successful outcome that also acknowl-
edges the best interests of the CYP will be the 
focus of the chapter.

24.2  Ecological Model

In viewing the experience of the child from an 
ecological perspective, we are encouraged to 
look beyond the immediate context of the devel-
oping CYP. If we can pause to observe the CYP 
within the larger context and attend to the envi-
ronmental interconnections that impact CYP, we 
can consider that the healthcare system has a 
unique influence. Bronfenbrenner’s ecological 
model [1] is a useful lens to examine the experi-
ence of the CYP and family as they are guided 
into the domain of radiologic procedures within 
the larger system of healthcare. For as we view 
the individual within a set of interacting systems, 
the ways the systems ultimately interact with the 
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CYP become visible. The role of the radiology 
nurse in supporting a CYP and family includes 
the establishment of supportive relationships, 
health promotion, teaching and advocacy, coordi-
nation and collaboration, as well as engagement 
with policy and procedure activities of the larger 
healthcare system. A framework for care that 
places the CYP at the center can result in policies 
and practices that ultimately result in optimizing 
a positive experience for the individual while 
attaining a clinically relevant result.

Briefly, Bronfenbrenner’s ecological model [1] 
illustrates five layers of interrelated systems. The 
microsystem, where the CYP is an active partici-
pant while undergoing a radiological procedure, 
represents an interplay of the CYP and family’s 
individual characteristics with the physical and 
social environment of the setting. The mesosys-
tem refers to the process of interrelationships with 
the exosystem—represented by practices, proce-
dures, and policies that result from staff and 
CYP’s experience and ultimately impact the 
CYP’s experience. An example of a feature of the 
exosystem is the quality, availability, and uptake 
of information and resources to engage families 
and CYP prior to a radiology appointment. The 
macrosystem refers to overarching attitudes, 
beliefs, and ideals of a society, in this case relating 
to health and healthcare. These interact with the 
mesosystem processes and affect a CYP and fam-
ily’s experience, for example, relating to the 
expectations that CYP have before engaging with 
pediatric radiology procedures. Finally, the chro-
nosystem represents the whole system as it moves 
through time and historical change. Respect for 
the rights of CYP is an example of an attitudinal 
change over decades affecting the whole health-
care system including serving the best interests of 
the child, children’s right to be involved in deci-
sions, education and the right to play [2].

24.3  Perceptions of the Radiology 
Environment

Children and young people are distinct from 
adults in many ways including the lens through 
which they perceive the environment. Entering a 

radiology department for the first time exposes 
CYP and their caregivers to unfamiliar sights, 
sounds, and experiences [3]. Technological in 
nature, the human elements of a radiology space 
can be overlooked by adults whose attention is 
focused on managing the procedural require-
ments of imaging. Imaging staff, as well as care-
givers, have their own expectations that may or 
may not align with that of a CYP. In placing the 
CYP at the center of this discussion, the aim is to 
point out features of the environment that may 
influence CYP’s reactions to the radiology envi-
ronment and the imaging experience.

The state-of-the-art technology of X-ray, 
ultrasound, MRI, CT, and other imaging modali-
ties can be both fascinating and intimidating at 
the same time. Consideration of the features of 
technology as seen through the eyes of CYP 
requires attention to the size, shape, color, place-
ment, and even the lighting of the equipment. The 
theory of affordances [4] suggests that CYP 
immediately perceive the potential actions and 
functions of materials and that this perception 
influences how they respond. In nature environ-
ments, for example, a tree stump may be valued 
for its affordance for jumping and balancing; the 
angles of a tree branch may represent a wild ani-
mal or a sword. Imagine what CYP may perceive 
upon their first encounter with imaging technol-
ogy, when lying prone or when the lights are 
dimmed? Many pediatric facilities incorporate 
child-friendly design into the imaging spaces 
such as paint colors, images, music, and even vir-
tual reality goggles. However, where these fea-
tures are not supported, CYP may be left to their 
own imagination and influenced by additional 
elements of the environment or past experiences.

The sensory elements of spaces can also influ-
ence a CYP’s response. For children, the passage 
of time, particularly when unoccupied, is rela-
tive. Exposure to smells from cleaners and alco-
hol swabs, sounds like beeps, voices and 
footsteps, changes in temperature, shifts between 
bright and dim lighting can bombard a young 
person. Chairs that are too big, counters and sinks 
too high and adult oriented media and materials 
overlook the range of interests, particularly of 
small children. Young people may be expected to 
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adapt to adult dimensions and sometimes inten-
tionally childish design features too. However, 
for youth, their interests and needs are distinctive 
relative to younger children and require addi-
tional consideration. The adequacy of environ-
mental accommodations for both children and 
youth, although commonly featured in pediatric 
facilities, may be deficient in adult spaces or dis-
regard the interests of mature pediatric patients.

The behavioral expectations of imaging pro-
cedures primarily include the ability to hold still 
for a period of time. When this request follows a 
sequence of requirements in preparation for the 
procedure, the CYP’s tolerance for the demands 
of the procedure can be compromised. Changing 
out of clothes and into an examination gown, 
ingesting substances or fluids, enduring the 
insertion of an intravenous line or urinary cath-
eter, perhaps donning a lead apron while inter-
acting with many unfamiliar people, and waiting 
for an undetermined amount of time all play into 
the reaction of children undergoing an imaging 
procedure. Additional expectations align with 
the specifics of the procedure—tolerating gel for 
an ultrasound, lying in the frog-legged position, 
and exposure to loud sounds of an MRI are 
examples of features of radiology environments 
in need of attention in order to meet the needs 
and interests of a pediatric population. Further, 
the identification of specific strengths and stress-
ors for individuals and their family must be 
explored for their influence on reactions and 
responses in radiology environments.

Stepping away from an adult perception of the 
environment and everyday interactions requires 
the intentional invitation of CYP’s voices and 
perspectives into the healthcare environment. 
Recognition that adult perceptions and expecta-
tions are likely to differ from a CYP is one com-
ponent of this discussion. Another is accepting 
that we may need to follow the CYP’s lead in 

order to accomplish the task at hand. Bröder et al. 
[5] suggest we give credit to CYP as active play-
ers in their own health and allow for a movement 
toward the inclusion of CYP as collaborators in 
healthcare decisions.

24.4  Placing the Child or Young 
Person at the Center

Appreciation for the interests and needs associ-
ated with individual patients seen in pediatric set-
tings is complicated due to the wide range of 
developmental abilities observed in CYP present-
ing for radiologic procedures. A message often 
communicated in the pediatric literature reminds 
us that children are not small adults [6].Most rel-
evant to this discussion is that individual CYP 
should not be reduced to the catch-all age equals 
developmental ability and should be approached 
for their unique interests, needs, and abilities too. 
Upon initial encounters with CYP, the manner in 
which you greet and interact with individuals 
does affect the reception you will experience in 
return. At the very least, enhanced awareness of 
the importance of exploring the capacity and 
competency of individual children and youth is 
warranted in anticipation of a successful proce-
dure. Three related ideas—image of the child, 
child agency, and health literacy friendly—are 
introduced as ways of thinking about healthcare 
environments that are respectful of the CYP as an 
essential player in health promotion (Fig. 24.1).

24.4.1  Image of the Child or Young 
Person

The image of the CYP that one favors related to 
competence and capacity to actively participate 
does have an influence on the ways that a CYP is 

Image
of the
Child

Child
Agency

Healthy
Literacy
Friendly

Fig. 24.1 Thinking 
about children and 
young people as 
essentials players in 
health promotion
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approached, engaged in communication, and 
included in health-related activities. Strict adher-
ence to a developmental perspective, for example, 
can limit our view of CYP to be in a constant state 
of development—perhaps never quite as capable 
as we might want them to be—particularly within 
the context of complex medical experiences. 
Whether we view a CYP as  competent and capa-
ble (or not), reflects the level of social agency we 
attribute to individuals, the level of participation 
we are willing to offer, and ultimately our propen-
sity to collaborate with CYP throughout an imag-
ing process. To see CYP as partners in healthcare 
can position the power of the relationship away 
from adult-directed and toward a collaborative 
approach to practice with CYP.

In describing child life specialists (CLS) as a 
key member of the team in pediatric radiology, 
Metzger et al. [7] demonstrate an attitude of the 
competent and capable child through a case study 
of an evaluation of 8-year-old Michael preparing 
for an arthrogram and MRI. Clearly, the evalua-
tion is conducted to assess the child’s potential to 
tolerate the procedures without sedation. Through 
a systematic process of building rapport, explor-
ing interests and concerns, and gathering addi-
tional background information, the CLS 
determines Michael understands the procedures 
and what is expected of him. Notably, because of 
the CLS propensity to collaborate, she is also 
able to pinpoint Michael’s personal perspective 
of success: attending a football game that eve-
ning. “He is nervous but motivated to not receive 
sedation by the desire to go to a football game 
that evening, something he cannot do if he is 
sedated today [7, p. 154].”

24.4.2  Child or Young Person Agency

Montreuil and Carnevale [8] conducted a concept 
analysis of children’s agency within the health-
care literature. Application of the term agency as 
referring to children as agents who have the 
capacity to act was found to have changed over 
time, vary by discipline and by paradigmatic ori-
entation. Early reference to child agency was 
identified as related to “one’s ability to engage in 

self-care in order to enhance treatment and pre-
vent illness” [8, p. 506]. Seen through a develop-
mental lens, children were viewed as transitioning 
from being the recipients of care toward greater 
abilities for self-care that developed along with a 
greater sense of self. Later, constructivist or par-
ticipatory views included children as contributing 
to or having the right to participate and be involved 
as developers and evaluators of interventions 
(particularly related to health research). Due to 
the inconsistent use of the term found by Montreuil 
and Carnevale, the authors put forth a tentative 
definition of agency as follows: “Children’s 
capacity to act deliberately, speak for oneself, and 
actively reflect on their social worlds, shaping 
their lives and the lives of others” [8, p. 510].

In the case of Michael mentioned earlier [7], 
he was invited to ask questions, suggest his pre-
ferred methods for coping (e.g., sitting up and 
watching the IV start, play a football trivia game 
during the arthrogram, watch a movie during the 
MRI), and rehearse coping behaviors as the CLS 
walked with him through the step-by-step pro-
cess of the demanding and time-consuming series 
of procedures. Reflection on the Montreuil and 
Carnevale [8] understanding of agency relative to 
healthcare in general allows for additional con-
sideration of ways in which CYP, like Michael, 
express their knowledge and understanding of 
health and healthcare-related information and 
behaviors.

24.4.3  Health Literacy Friendly

Health literacy in CYP is just beginning to receive 
attention in the literature [5]. Usually, child 
health literacy is derived from adult concepts of 
health literacy, including basic reading, writing, 
and numeracy skills and a combination of 
 health- related knowledge, competencies as well 
as motivation; as such, the unique character and 
life situations of young people may be over-
looked. In systematically reviewing the literature, 
Bröder et al. [5] have documented this gap and 
encourage opportunities for CYP that acknowl-
edge the active role they do play in their health. 
Bröder et  al. [5] introduce a suitable phrase, 
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“health literacy friendly services,” in reference to 
ways in which the role of CYP in developing 
their health literacy can be acknowledged and 
supported through inclusive and collaborative 
approaches. By prioritizing the viewpoint of the 
CYP, we are better able to focus on what is 
important to the individual as they progress 
through a complex system of care.

Again, we can refer to the case of Michael [7] 
and recognize his interest and ability (compe-
tence and capacity) to engage in a complex pro-
cess of preparation and planning to increase his 
health-related knowledge, understanding and 
ability to participate in his healthcare. The health- 
literacy friendly initiatives provided by the radi-
ology team supporting Michael throughout the 
experience demonstrate an inclusive and collab-
orative approach that allow for the recognition of 
his motivation to succeed in order to meet a per-
sonal goal for the day. Patient and family educa-
tion and support that intentionally invites the 
unique motivations of the CYP into the process 
can seize both the attention and trust of the CYP 
and increase the chances of achieving a success-
ful procedural outcome and positive experience. 
Approaches discussed in the following section 
highlight the value of welcoming relationships, 
inviting collaboration, and recognizing success in 
the development of collaborative approaches to 
radiological practice (Fig. 24.2).

24.5  Collaboration with Children 
and Young People

Together, the three concepts—image of the child, 
child agency, and health literacy friendly—were 
introduced to encourage a movement toward con-
sidering the CYP as an essential player in health-
care procedures. Looking at the individual as a 
subject who holds the capacity to engage with 
procedural processes, rather than an object for 

radiologic examination, starts at the moment of 
relationship. The teaching, advocacy, coordina-
tion, and collaboration processes can occur to 
support a successful imaging experience and out-
come when the CYP is welcome as a partner in 
health promotion. Upon consideration of policy 
and procedural practices from a collaborative 
framework, radiology nurses can examine and 
modify existing procedural practices to position 
the voices and perspectives of children explicitly 
in the forefront of practice.

The timing of the initiation of the relationship 
among the CYP, family, and radiology profes-
sionals is dependent on the specific context of the 
referral for a radiologic procedure. Additionally, 
each imaging modality features its own idiosyn-
cratic processes that cannot be fully addressed in 
this brief chapter. However, the underlying thesis 
of the necessity of consulting with and informing 
CYP is supported when attention to the establish-
ment of trust and communication in relationships 
with young people is embraced. Whether the dis-
cussion features this radiology modality or that 
imaging modality, consideration of the CYP as 
an essential player in their healthcare procedures 
who is capable and competent requires experi-
enced radiology professionals prepared to appre-
ciate the perspectives of the CYP upfront: 
“Clinical decision-making must be based on the 
requirements of each patient, guided by the latest 
sources of information available, including local 
guidelines and newly published trial data” [9, 
p. 2]. In order to create this positive experience, 
we must incorporate all we know about the CYP 
and caregiver experiences into the clinical 
decision- making process [10].

24.5.1  Welcoming Relationships

Whether initiated by a primary care physician, 
clinical specialist, or emergency room team, the 

Welcoming
Relationships

Inviting
Collaboration

Recognizing
Success

Fig. 24.2 Collaboration 
with children and young 
people
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introduction of the caregivers to the forthcoming 
procedure should include a conversation under-
scoring the importance of inviting the CYP into 
the preparation and planning for a successful 
experience. Bates [10] suggests the referring 
physician begin to educate the caregivers through 
the provision of the particulars of the imaging 
procedure beyond the diagnostic label. When 
general details of the process of the preparation 
and procedural requirements are shared upfront, 
ideally supported with appropriate educational 
materials, then adequate time for caregivers to 
prepare questions, raise concerns, and consider 
the implications of the procedure on their CYP’s 
capacity to participate is provided.

Follow-up contact initiated by a radiology 
nurse equipped to address questions, concerns 
and initiate the inclusion of the CYP as an active 
participant in the procedure is a next step. The 
CYP will be included in this process when care-
givers are comfortable that the existing supports 
will allow the CYP to demonstrate their interest 
and ability to participate. Following the introduc-
tion of the planned procedure, radiology nurses 
can be proactive in building a relationship with 
the CYP through an intentional exploration of 
who the individual is apart from their medical 
concerns. The establishment of a positive rela-
tionship begins as the radiology nurse explores 
existing interests and knowledge held by the 
CYP. Conversation around the CYPs interpreta-
tion of the purpose, process, and meaning of the 
procedures can uncover existing and potential 
strengths and stressors. Ultimately, the capacity 
of the radiology nurse to recognize and employ 
the potential motivation of the CYP relative to 
the achievement of a successful experience is 
fundamental.

Although child life specialists (CLS) are not 
available for all radiology centers, lessons shared 
can support practice across professions. CLS 
have offered the following perspectives to 
account for their ease in establishing meaningful 
relationships even during brief encounters with 
CYP [11]. Showing genuine interest, creating a 
sense of connection, and offering real opportuni-
ties for choice and control are all part of the 
approach of CLS as they initiate relationships 

[11]. They carry materials with them to convey a 
sense of who they are to the CYP and family and 
to support an ongoing interaction. Bubbles, 
books, interactive games, and multi-media mate-
rials and models are some tools the CLS may use 
to facilitate a relationship. Ideas for hands-on 
materials, gadgets, and images can be found 
using search terms such as interesting gadgets in 
radiology on Google or medical/health care play 
on Pinterest.

24.5.2  Inviting Collaboration

With some effort, materials introduced early to 
capture CYP attention provide a welcoming envi-
ronment that allows for a collaborative interaction 
to advance. As with CLS, radiology nurses may 
also select an intriguing collection of materials 
that can be used as an invitation into an interac-
tion. As mentioned earlier, imaging modalities 
can be fascinating as well as intimidating. In early 
childhood education the term provocation is used 
to reference the deliberate invitation of children 
into thinking about something or experimenting 
with ideas and materials [12]. Similarly, from the 
field of educational psychology, placing abstract 
learning concepts into meaningful and interesting 
contexts, personalizing learning, and offering 
choices serves to increase CYP sense of control 
and self- determination [13]. In making the pro-
cess of preparation for a radiology procedure col-
laborative to CYP, the radiological nurse has a 
role in making the whole process meaningful for 
the CYP.

When introducing the radiology environment, 
the interests and exploration behavior (curiosity) 
of the CYP can be observed and combined with 
open-ended dialogue to provide opportunities for 
offering choice and control relative to the play 
activities or in preparation for the procedure. 
Callery and Coyne suggest familiar educational 
principles are applied in approaches to interven-
tions to engage CYP in decisions: “appropriate, 
structured and based on active rather than passive 
learning” [14, p. 606]. Initially, exploring a bas-
ket of play imaging models with people figures, 
materials and devices with moveable parts, or 
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books with images can take the pressure off direct 
interactions by shifting attention off the CYP and 
onto the materials. Additionally, as nurses prog-
ress through an explanation or tour of the radiol-
ogy environment they may enter into the 
preparation process. The aim is to facilitate an 
understanding of ways in which the process can 
be presented to spark the interest, motivation, and 
need for control of the individual.

24.5.3  Recognizing Success

Through conversations exploring who the CYP is 
you can discover the values, beliefs, interests, 
and ambitions of the individual and make deter-
minations regarding the potential behavioral 
response that may occur during a radiological 
exam. However, the competence of the radiology 
nurse relative to the recognition of the potential 
motivations of CYP is fundamental. Recall the 
case of Michael [7]. Although he had limited 
familiarity with hospital environments and was 
observed as anxious, he took on the challenge of 
learning about the procedure and his role in 
achieving his goal of no sedation in order to 
attend a football game that evening. In an effort 
to encourage radiological nurses to think about 
the why behind the observed behavior of CYP 
undergoing challenging radiology procedures, a 
social-cognitive approach to achievement moti-
vation is reviewed [15]. In reviewing this model, 
an experienced radiology nurse will no doubt 
recall specific experiences that speak to patterns 
of the behavior CYP experienced in the radiology 
environment; think of those individuals who 
maintain a posture of curiosity and an eagerness 
to learn throughout a procedure in contrast to 
individuals who present unprepared to face the 
complex expectations of the environment.

From a social-cognitive approach, Dweck and 
Leggett identify two patterns of cognition-affect- 
behavior in which they describe how goals influ-
ence the interpretation and reaction of individuals 
to events [15]. A performance-oriented individ-
ual is characterized as showing a pattern of seek-
ing positive judgements and avoiding negative 
judgements on their competence. The goal is 

about proving their ability. However, when facing 
what they perceive to be obstacles, their compe-
tence becomes compromised due to maladaptive 
thinking, affect, and behaviors. In sum, their 
adaptive and competent behaviors deteriorate 
into helplessness. In contrast, a learning-oriented 
individual has the goal to improve their compe-
tence. When faced with obstacles, they pursue 
mastery through increasing effort and generating 
strategies to reach a solution to challenges. 
Whereas performance-oriented individuals attri-
bute difficulties to their lack of ability to succeed, 
learning-oriented individuals see challenges to be 
solved through increased effort [15]. It seems the 
performance-oriented individuals see threat in 
challenge where learning-oriented individuals 
see opportunity. Therefore, in recognizing suc-
cess, the maintenance of CYP dignity and 
advancing mastery through learning are two ele-
ments of success to keep in mind as relationships 
with CYP are established.

Given the many opportunities for challenge 
inherent in the processes involved in preparing 
for and undertaking a radiological procedure, 
radiology nurses need to be equipped to present 
the best options to match the underlying needs of 
individuals in order to attain the successful expe-
rience for the CYP. When each CYP is approached 
with the belief in their competence and capacity, 
then the radiology nurse opens the door to creat-
ing conditions for collaboration and the identifi-
cation of pathways leading to a successful 
experience. Increasing a CYP sense of control 
and self-determination involves sensitivity to the 
goal orientation of the individual by placing the 
radiological experience into meaningful and 
interesting learning contexts, personalizing 
 learning, and offering choices within a collabora-
tive relationship.

24.6  Summary

The primary question of how we can make the 
radiology experience of children and young peo-
ple a positive one is complex. This chapter was 
written from a child life perspective noting that 
the responsibility of the CLS lies primarily with 
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the child and family. Therefore, an explicit 
acknowledgement that radiology nurses have the 
additional responsibility of managing complex 
radiology procedures is necessary: The combina-
tion of nursing responsibilities includes both the 
technical and human elements of a radiology pro-
cedure. This suggests that in order to collaborate 
with children and young people, planning to 
intentionally include their voice is required. 
Wyatt et al. conducted a meta-analysis and deter-
mined that shared decision-making in pediatric 
interventions rarely targeted children and focused 
on parents [16]. Indeed, there is work to be done 
to establish practices that allow radiology nurses 
to present the best options to CYP matched to 
their specific needs in order to attain the success-
ful experience for the CYP.

Application of an ecological model draws 
attention to the nature of the interactions of the 
CYP with existing systems, particularly highlight-
ing the status of the individual as an active agent.

Suggested approaches to addressing current 
and future policy and practices arising from this 
discussion include the following.

 1. A movement toward considering the CYP as 
an essential player in healthcare procedures is 
encouraged. Quality improvement projects to 
capture current ways that concepts such as 
image of the child, child agency, and health 
literacy friendly are interpreted may reveal a 
diverse response and opportunities to engage 
in transformative learning events that align, 
for example, with the rights-based principles 
in the CRC [2] that acknowledge the rights of 
children to be involved in decisions, educa-
tion, and play.

 2. Recognition that adult perceptions and expec-
tations are likely to differ from a CYP is one 
component of this discussion to be examined 
by radiology nurses at all levels. Reflection 
and critical examination of the values, beliefs, 
and attitudes held toward CYP that impact 
approaches to advocacy for the CYP may 
highlight ways to enhance efforts to support 
successful radiology experiences.

 3. Examination of current practices on ways to 
engage children and young people’s compe-

tence and capacity through welcoming rela-
tionships, inviting collaboration, and 
recognizing success may result in the devel-
opment of new policies and procedures target-
ing greater attention to these particular aspects 
of pediatric services.

 4. The capacity of the radiology nurse to recog-
nize and employ the potential motivation of the 
CYP relative to the achievement of a successful 
experience is fundamental. In making the pro-
cess of preparation for a radiology procedure 
collaborative, the radiological nurse has a role 
in making the whole process meaningful for 
the CYP. The prospect of assessing the compe-
tence of radiology nurses in addressing ques-
tions, concerns and initiate the inclusion of the 
CYP as an active participant in the procedure is 
likely an area for future investigation.

 5. Health literacy friendly services should be 
included to support the needs of all users of 
the radiology environment. Radiology teams 
can complete an environmental scan of the 
area and a review of educational documents 
and media from the viewpoint of the user 
from a range of developmental stages. 
Acknowledgement of the diverse and chang-
ing needs and interests of growing children 
and youth can be made visible through the 
provision of developmentally appropriate 
approaches to the environment and 
learning.
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Forensic Patients in the Healthcare 
Setting

Debra S. Holbrook

25.1  Introduction

According to the World Health Organization 
millions of patients are being victimized by 
interpersonal violence and presenting to hospi-
tals and clinics daily [1]. Healthcare providers 
(HCP), including those working in depart-
ments of radiology, are uniquely positioned to 
interact with patients in a safe and private set-
ting and view physical wounds. Encouraging 
HCPs to become aware of the signs of abuse, 
neglect, and maltreatment offers victimized 
patients a safety net, creating a proactive work-
place and giving a voice to victims of egre-
gious crimes of abuse.

The purpose of this chapter is to provide an 
overview of interpersonal violence, describe 
commonly visualized wounds, offer sugges-
tions for screening patients for abuse, evaluate 
attitudes regarding patient disclosures, develop 
multidisciplinary collaboration and referral of 
these patients as victims, and create an environ-
ment where patients are believed and provided 
safety and improved healthcare outcomes.

25.2  Wounds Commonly Seen 
in Patients Victimized by 
Violence

Patients experiencing interpersonal violence are 
subjected to acts that may cause wounds often 
seen in various stages of healing. The most com-
mon wounds assessed are defined in Table 25.1.

25.3  Intimate Partner Violence

Intimate partner violence (IPV), a form of inter-
personal violence, is defined as physical, sexual, 
or psychological harm caused by a former or cur-
rent partner or spouse [7]. With an estimated 35% 
of emergency department visits annually and 
21% of injuries requiring surgical intervention, 
IPV is the most frequently committed violence 
against women [7, 8]. With the knowledge that 
IPV is increasing, and that only a small percent-
age of victims report their abuse to medical care 
providers or law enforcement, IPV is a world-
wide public healthcare crisis.

Implausible histories that are inconsistent 
with the mechanism of injury in wounds visual-
ized by the HCP are a red flag that a patient may 
be experiencing IPV.  Often patterned wounds, 
bruising in protected areas such as beneath the 
breast, medial thighs, medial upper arms, and 
behind the ears are regions injured by intent 
rather than by accident.

D. S. Holbrook, MSN, RN, SANE-A, FNE-A/P, 
FAAN(c) (*) 
Mercy Medical Center, Baltimore, MD, USA

25

© Springer Nature Switzerland AG 2020 
K. A. Gross (ed.), Advanced Practice and Leadership in Radiology Nursing, 
https://doi.org/10.1007/978-3-030-32679-1_25

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32679-1_25&domain=pdf


274

While physical abuse and injury may be obvi-
ous signs of an assault, screening for IPV is dif-
ficult as secondary illnesses manifest in a variety 
of presenting symptoms such as headaches and 
migraines, gastrointestinal maladies, neurologic 
complaints, sleep disorders, cardiac illnesses, 

and mental health issues including depression 
[1]. Patients who may be experiencing IPV often 
demonstrate:

• Frequent visits to HCPs for seemingly unre-
lated symptoms, but delaying visits for physi-
cal wounds and fractures

• Not speaking for themselves with hovering 
family members or care takers

• Being brought by partners or family members 
who are adamant about not leaving the patient 
alone in a room with a HCP

• Expressing an urgency to leave as soon as pos-
sible or the need to sign out against medical 
advice

• Distress regarding the need to wait for radiol-
ogy procedures or lab results

• Eating disorders
• Recurrent sexually transmitted infections [1]

25.3.1  Strangulation

One of the most violent and intentional acts com-
mitted by abusers is strangulation which is 
defined as “a form of asphyxia characterized by 
closure of the blood vessels or air passages of the 
neck as a result of external pressure” [9]. There 
are two common ways that strangulation trauma 
is inflicted. Manual strangulation via a one- 
handed, two-handed, or chokehold mechanism 
and is also known as throttling. Ligature strangu-
lation uses a cord, rope, or clothing to compress 
the neck and is also known as garroting[10]. 
Ligature injuries are further separated into hang-
ing strangulations (using the body weight to 
compress a ligature) and autoerotic strangula-
tions (self-induced asphyxiation for sexual grati-
fication)[11].

Small blunt-force trauma, such as fingertips, 
generally causes bruising that can be seen by the 
unaided eye. This is due to energy directed to a 
small focal area similar to what happens when 
one bumps their shin on the corner of a table 
resulting in a painful bruise or contusion. 
Conversely, when an equal amount of energy is 
directed to a broad focal area, such as bumping 
the upper arm against the broad surface of a wall, 

Fig. 25.1 Central clearing. (Photo courtesy Debra 
Holbrook)

Table 25.1 Common types of wounds

Bruising (also contusion)—is caused by blunt or 
squeezing force trauma resulting in superficial 
discoloration due to a hemorrhage into the tissue from 
ruptured blood vessels beneath the surface, without the 
skin being broken. Bruises may take days or weeks to 
come to the surface, or, in some cases, may never be 
visualized with the unaided eye. Visualization of 
bruising is subject to: age, amount of escaped blood, 
body location, depth, skin pigmentation, velocity of the 
object, exposure to cold, and medications. There is no 
valid scientific study validating the practice of dating 
bruising [2–4].
Abrasion—a wearing, grinding, or rubbing away by 
friction. Abrasions are often referred to as scratches or 
scrapes, and may be described as linear, as in finger- 
nail abrasions [5].
Central clearing—area of lighter color with 
surrounding bruising caused by blunt force trauma; also 
known as sparing [6] (see Fig. 25.1).
Laceration—a tearing of the skin caused by blunt force 
trauma, often characterized by irregular borders.
Incision—a cut to the skin, often characterized by even 
borders [5].
Fracture—the cracking or breaking of a hard object or 
material [5].
∗∗It is important to note that injuries also present as bite 
marks, branding, burns, and patterned wounds that 
reflect the impression of the mechanism that caused the 
injury.
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intradermal bruising may be present but is rarely 
seen due to the dispersing of energy. As most 
patients are not strangled by fingertips, when the 
mechanism of injury is an arm or hand exerting 
pressure on the neck, intradermal capillary beds 
under the skin may be disrupted that are not vis-
ible to the naked eye[12]. It is important to recog-
nize that the absence of bruising does not mean 
that an assault did not occur as described by the 
patient (see Figs. 25.2 and 25.3).

25.3.2  Detection of Bruising

Many communities have developed proactive 
Forensic Nurse Examiner (FNE) and Law 
Enforcement Investigative Programs (which 
will be examined further in this chapter). These 
programs have begun to utilize alternate light 
source technology (ALS) to visualize bruising 
and other injury intradermally. An ALS consists 

of a powerful lamp that emits ultraviolet, visi-
ble, and infrared wavelengths. It filters the light 
into individual color bands (wavelengths) that 
enhance the visualization of evidence by light 
interaction techniques: fluorescence (evidence 
that glows), absorption (evidence that darkens), 
and oblique lighting (small particle evidence 
that is revealed). These light sources can reveal 
bruises and patterned wound details that are 
invisible under normal white-light illumina-
tion[12]. ALS offers FNEs and investigators the 
ability to identify broad focal trauma by reveal-
ing intradermal bruising/absorption.

A HCP in the radiology setting may be per-
plexed as to why a patient is being seen for com-
puterized tomography (CT) with angiography or 
magnetic resonance imaging (MRI) when the 
patient has no marks visible on their neck, no 
petechial hemorrhaging to the sclera of their 
eyes, and no untoward symptoms such as hoarse-
ness, voice changes, coughing, difficulty breath-
ing, or pain. Oftentimes when an FNE has 
visualized darkened areas beneath the skin dur-
ing an ALS assessment, especially when these 
areas are patterned consistent with the mecha-
nism of injury described by the patient, the FNE 
will alert the physician to the ALS findings, 
yielding a request for radiologic procedures. 
Understanding that many patients are strangled 
by several mechanisms, edema in the neck may 
present immediately, “or be delayed for up to 
36 hours after the initial injury leading to airway 
compromise and arterial occlusion” [7]. A thor-
ough assessment is critical for patients who 
report strangulation due to the severity of the 
development of these later symptoms, including 
death. (For more information related to recom-
mendations for medical care and intervention 
post strangulation see https://www.strangulation-
traininginstitute.com/.)

25.4  Elder Neglect, Abuse, 
and Maltreatment

The prevalence of interpersonal violence in the 
form of elder abuse, neglect, and maltreatment 
affects more than 1 million persons in the United 

Fig. 25.2 Strangulation with no visible injury. (Courtesy 
Debra Holbrook)

Fig. 25.3 Same strangulation under ALS 450 wavelength 
orange goggles. (Courtesy Debra Holbrook)
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States (US) annually, with an estimated 25% of 
these persons experiencing physical assault. 
While in some cultures respect for elders is taught 
at an early age, that cultural aspect does not exist 
everywhere and many factors can affect this type 
of abuse. Elder abuse may be physical, financial, 
or in the form of neglect and is most often perpe-
trated by family members due to stress, burnout 
as care takers, or financial burdens [7]. Elder 
abuse is often unrecognized with an estimated 
10% of older US adults experiencing maltreat-
ment annually and less than 1  in 24 of these 
adults being identified and reported to Adult 
Protective Services (APS) or law enforcement 
[13]. HCPs often miss critical opportunities to 
identify elder abuse because it is so offensive to 
believe that caretakers would commit such egre-
gious actions upon their elderly and most vulner-
able family members. Poor physical health, 
disability, and mental deterioration such as 
dementia and depression are risk factors for elder 
abuse [14]. Additionally, many older adults are 
limited in their activities outside of the home, iso-
lated from society, and dependent both physically 
and financially upon their family or caretakers. 
These assaults are seen in healthcare settings 
more often during evenings and weekends related 
to an increase in social interaction with abusers 
during these hours. Older adults are often reluc-
tant, afraid, and embarrassed to admit that their 
trusted family members would demonstrate such 
cruel actions against them in the form of physical 
abuse and financial crimes.

While it may be difficult to discern between 
accidental versus intentional injury in older per-
sons due to osteoporosis, fragility in skin and 
vascular integrity, and generalized weaknesses, 
the literature supports some distinctions [7]. 
Elder abuse is more likely to present with bruis-
ing of the posterior torso including high-energy 
injury such as rib fractures. Bruising is also 
common from intentional injury to the ulnar 
forearms—likely from the victim defending 
themself against the abuser [15]. Mechanisms of 
injury may include grabbing and use of restraints 
which may leave fingertip-like or circumferen-
tial bruising to the wrists and lateral aspects of 
the arms. Injuries to the lower extremity, inner 

thigh, or dorsal/plantar surface of the foot are 
also indicators of intentional abuse and are not 
accidental in nature [16]. Fracture of the distal 
ulnar diaphysis is also suggestive of intentional 
injury and is uncommon in accidental injury [7]. 
Wounds and bruises in various stages of healing 
are also red flags alerting healthcare providers 
to the possibility of maltreatment.

25.5  Child Abuse

“Child abuse is an international epidemic” and, 
although HCPs are more informed than ever 
before in history, the numbers continue to grow 
[17]. Nurses should remember that in order for an 
infant or toddler to bruise themself accidentally, 
they must be ambulatory in some way; otherwise 
the injury is inflicted upon them. As much is pub-
lished regarding child abuse this section seeks to 
provide an overview of child abuse from the per-
spective of a nurse in a radiology setting.

Second to soft tissue injuries such as bruises 
and abrasions, fractures are considered the lead-
ing causes of injury, primarily in younger and 
nonverbal children who cannot offer a verbal 
explanation for causation of the injury. When 
there are concerns regarding physical abuse of a 
child, the nurse should consider mechanism of 
injury, plausibility of injury occurring as described 
by a caretaker, time elapsed between time of 
injury and time of treatment, and findings from 
radiologic studies [17]. Most fractures do occur 
accidentally in children; however, abuse must be 
considered in children younger than 2  years of 
age [18]. Common fractures seen in child abuse 
include: diaphyseal fractures in a non-ambulatory 
child, posterior rib fractures—especially when 
there are squeeze-like demarcations to the torso, 
and corner bucket-handle fractures (growth plate 
disconnected from the shaft). Baby-grams or skel-
etal survey films of the child’s body are frequently 
ordered to assess the presence of healing fractures 
within a child’s body.

CT may be requested to assess head, spinal, 
rib, and abdominal injuries resulting from inten-
tional as well as accidental injuries. The most 
common injuries to solid organs resulting from 
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blunt force trauma are to the liver, spleen, pan-
creas, and bowel. Lacerations and hematomas to 
solid organs of the torso are not uncommon in 
intentional injury. CT is also useful in demon-
strating skull fractures and intracranial injuries 
such as subdural hemorrhage. Trauma to the 
brain via shaking of a child is widely published 
and includes anoxic brain injuries including dif-
fuse axonal trauma [19]. It is imperative that a 
HCP procures a detailed history, including 
mechanism of injury, in order to develop an 
informed basis for conclusion in determining 
intentional versus accidental causation of radio-
logic findings.

25.6  Human Trafficking

Few can imagine the suffering of being sold for 
sex with strangers, working 18 or more hours 
every day, being beaten and humiliated, and yet 
dependent on the cruel abuser who owns you for 
the drugs for which you are dependent. This is 
the face of a victim of human trafficking. Human 
trafficking has been referred to as “modern day 
slavery,” and is defined as being hired to work by 
force, fraud, or coercion, and HCPs are caring for 
these victims of sex and labor trafficking daily. 
Minors who are induced into commercial sex 
trades are considered victims regardless of 
whether force, fraud, or coercion is present [20]. 
Global estimates are that there are 20.1million 
people trapped in forced labor in both sex and 
labor trafficking [1]. Trafficking is tied with ille-
gal arms trading as the second largest criminal 
industry in the world, and in 2015 it was esti-
mated that $50 billion was generated from forced 
labor and sexual exploitation [21].

The money that these victims make is never 
their own, they wear tracking devices, and are 
often branded and tattooed with the abusers name 
or a bar code as his property. Many of these vic-
tims are abducted from the streets as children, 
chosen for their innocence or vulnerability, and 
sold into slavery where they are forced to per-
form as many as 50 sex acts a day [22]. Patients 
who are trafficked might migrate from one 
healthcare facility to another with complaints 

and/or symptoms of: strangulation, bruises in 
various stages of healing, scars, pelvic inflamma-
tory disease, frequent urinary tract infections, 
signs of malnourishment, foot pain/neuropathy, 
and chemical dependence/withdrawal [21]. They 
are most often guarded by another female known 
as the “bottom” girl who is most trusted by the 
trafficker and are moved from city to city—some-
times weekly. The victim will not be left alone 
with a HCP, will not speak for him/herself, will 
rarely display eye contact with another individ-
ual, may not know their name, address, birth 
date, or social security number, and is coached to 
answer questions [21].

HCPs are key first responders to the signs of 
trafficking (see Table  25.2) and should become 
familiar with the language of trafficked people 
such as: stable (where the victim stays), daddy 
(the trafficker), bottom girl (daddy’s most trusted 
trafficked victim), folk or family (others in the 
stable), johns (the buyers of sex), and stroll (the 
area where the victim walks to solicit johns) (see 
https://sharedhope.org/the-problem/trafficking-
terms/ for more information on language used).

25.7  Forensic Nurse Examiners

In an effort to provide state-of-the-art forensic 
medical care to patients who are victims of 
crime, healthcare facilities across the world are 
embracing forensic nursing programs. Some 
programs may care for only patients victimized 
by sexual assault and are known as Sexual 
Assault Nurse Examiners (SANE). Forensic 

Table 25.2 Sample screening questions for human traf-
ficking patients—recommended in conversational format

1.  Have you been physically or verbally abused, raped, 
threatened, or made to feel physical pain for working 
slowly or trying to leave your current location or 
residence?

2.  Have you been in a situation in which you are being 
held against your will, had your documents taken, or 
forced into situations that do not make you feel safe 
or comfortable?

3.  Have you been forced to perform sexual acts for 
housing, money, food, or to pay off a debt?

Courtesy Debra Holbrook

25 Forensic Patients in the Healthcare Setting

https://sharedhope.org/the-problem/trafficking-terms/
https://sharedhope.org/the-problem/trafficking-terms/


278

nurse examiner programs care for patients across 
the life span victimized by crimes including, but 
not limited to, sexual assault, interpersonal vio-
lence, elder abuse, child abuse, human traffick-
ing, dating violence, non-accidental gunshots, 
stabbings, burns, poisonings, and suspects of 
persons crimes. These advanced practice nurses, 
known as Forensic Nurse Examiners (FNEs), are 
specially educated in forensic medical assess-
ments, forensic medical interviews, and crisis 
intervention (see info@academyofforensicnursing.
org to request information on becoming a foren-
sic nurse and regional FNE programs). FNEs use 
state-of-the-art technology to conduct nonjudg-
mental, sensitive, medical evidentiary examina-
tions in the care of patients victimized by bodily 
crimes [23]. In the state of Maryland (US) the 
state board of nursing oversees an FNE’s prac-
tice and education requirements for advanced 
practice (see https://mbon.maryland.gov/Pages/
forensic-nurse-examiner.aspx for an example 
and listing of available programs). The outcomes 
of these FNE-driven evidentiary examinations 
may be analyzed by crime lab technicians, and 
findings may be used in judicial proceedings 
where the FNE may be deemed either a fact or 
expert witness. As a result, FNEs have become a 
best practice standard and have become leaders 
in the education of medical and nursing staff, 
and many groups within the community. The 
Academy of Forensic Nursing (AFN) supports 
the specialty of nursing caring for victims of 
interpersonal violence across the life span (see 
www.academyofnursing.org).

25.8  Victimization and Believing 
a Patient’s History

Healthcare professionals would never think to 
respond to a victim of a fall or a motor vehicle 
collision with disbelief; however, that is exactly 
how many victims of sexual assault and interper-
sonal violence are treated in hospitals daily. 
Terms such as “alleged sexual assault” and 
“alleged abuse” are commonly used diagnostic 
terms that are assigned to patient reports imply-
ing doubt and skepticism regarding the patient’s 

history. This perpetuates a culture of shame and 
self-blame that often leads to a decrease in report-
ing rates and a reluctance for a patient to share 
the history of some of their darkest moments with 
medical and nursing staff. End Violence Against 
Women International (EVAWI; https://www.
evawintl.org) and their Start By Believing aware-
ness initiatives support the knowledge that when 
a victim of crime is not believed by caretakers, 
family, healthcare providers, law enforcement, 
and the community at large—that one failed 
response equals 5 more assaults [24]. Healthcare 
providers are uniquely qualified to care for vic-
tims as patients who in turn entrust their histo-
ries, medical care, and healthcare to these 
providers. A single negative reaction may have 
devastating results which may lead to a decline in 
a patient’s health, well-being, and safety. It is 
imperative that healthcare providers consider 
how they would react and respond to a patient 
disclosure of assault prior to such a disclosure.

25.8.1  Screening of Patients 
Suspected of Being Abused

It is imperative that the HCP isolates the victim 
patient of IPV or trafficking from anyone that is 
suspected of guarding them. HCPs in radiology 
settings are uniquely positioned to speak to a 
patient alone due to the nature of the unit. Nurses 
routinely justify having visitors leave a patient 
suspected to be abused by stating that the patient 
may need to go to have X-rays. Another approach 
to isolating a patient for safety is to request that 
the “visitor” sign forms out of the department and 
yet another is to request that the patient be assisted 
by the HCP to a private restroom. It is important 
to remember that a patient who is being abused 
will almost never disclose when the abuser or 
their designee is in hearing distance of their con-
versation. That includes triage, interactions with 
nurses and physicians, during procedures or when 
speaking with technologists or lab technicians.

Screening questions work best when weaved 
into a conversation with a patient and not asked 
in a line item format [25]. Consider these two 
interview scenarios:
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• A HCP is facing the computer and asks: “What 
brings you into the emergency department 
today? Did you put ice on the wound? When 
was your last tetanus shot? Does anyone harm 
or control you in your home? Do you smoke?”, 
versus

• A HCP is facing the computer and asks: “What 
brings you into the emergency department 
today? Are you up to date on your tetanus 
shots? Did you put ice on the wound?” At the 
end of the encounter the HCP turns to the 
patient (with whom they are alone) and says, 
“I care about you, you are safe here, and I 
believe you. I see you have some serious 
wounds that do not look like you fell down. 
Can you tell me more about these wounds? I 
would like to help you.”

Use of a more conversational screening tech-
nique engages the patient and builds trust. Sitting 
at or below eye level also conveys a nondominant 
position and is less threatening than looking 
down at the patient[21].

As with other forms of abuse, victims of traf-
ficking are afraid or reticent when being screened 
by HCPs. Tips for speaking candidly with these 
patients revolve around gaining their trust, being 
kind and nonjudgmental. Asking open-ended 
questions such as “Can you tell me more?” and 
assuring them that you want to keep them safe 
may be helpful. Remember that victims may not 
disclose their abuse the first time that they are 
asked. It is important to share mandated reporting 
requirements with the patient if you are required 
to call law enforcement, Adult or Child Protective 
Services. In those instances when reporting is not 
required, a patient has learned that you cared 
enough to ask about their safety and well-being 
and may remember that you are safe haven when 
they are ready to report [25].

25.9  Referrals and Collaborative 
Practices

So what do hosts of forensic leaders recommend 
that a HCP do when they have identified a patient/
victim of abuse, neglect, maltreatment or traffick-

ing and screening questions have been con-
firmed? Table 25.3 lists appropriate interventions 
once the victim has been identified.

25.10  Documentation

It is widely regarded that nurses are the most 
trusted profession for ethical standards and hon-
esty [26] and it is not uncommon for patients to 
disclose intimate details of an abusive relationship 
with their nurse. Documentation is a key compo-
nent to assuring that statements made by a patient 
or their family are immortalized in such a manner 
as to share with other members of the healthcare 
team. Excited utterances—the first statements 
made by the victimized patient after an assault—
are often crucial to beginning an investigation 
which includes deployment of protective services, 
law enforcement, and a forensic nursing team. 

Table 25.3 Actions to consider when a victim has been 
identified

1.  Keeping the patient safe is a primary consideration. 
This may include notifying your manager or 
agency’s security department.

2.  Discuss discreetly with the patient’s care team the 
suspicions, disclosure from the patient, and other 
pertinent signs and symptoms that may require 
additional medical intervention or radiologic 
procedures.

3.  Know the laws regarding reporting of abuse in a state 
or region and take the time to review agency 
protocols regarding mandated reporting. In the USA 
this generally includes 24/7/365 contact information 
for law enforcement, Child Protective Services and 
Federal Bureau of Investigation (FBI) or other 
relevant agencies. As discussed, mandated reporting 
varies greatly from jurisdiction to jurisdiction. There 
should be a designated person within an agency or 
unit who is defined as the contact to make these 
calls. The forensic nurse or other forensic examiner 
may make these referrals when called for a 
consultation.

4.  Contact appointed advocacy from either social work 
or a host of strong patient advocates within the 
community. This resource is essential as advocates 
are the voice of the patient and have extensive 
training in appropriate referrals, safety planning, 
lethality assessments, emergency admission 
protocols, and answers to patient concerns. 
Advocates give patients options and are their voice 
in the medicolegal system [25].
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Any statement made directly by a patient should 
always be documented in quotations. This practice 
protects the nurse from accusations of misinterpre-
tation of the patient’s statements and may be the 
only disclosure that is shared with a HCP. It is gen-
erally not recommended that a HCP other than a 
forensic nurse or other forensic discipline docu-
ment details describing the assault. Differing 
details recorded from provider to provider may be 
interpreted as a patient telling multiple versions of 
a history rather than HCPs offering differing ver-
sions of that history. This in turn may affect pros-
ecution outcomes. It is recommended that a nurse 
within the radiology department always consult 
with their healthcare team and risk management 
department regarding the proper procedures gov-
erning documentation of neglect, abuse, and mal-
treatment of patients within a particular 
institution.

25.11  Conclusion

HCPs in radiology and other medical specialty 
units are ideally positioned to interact with 
patients in a safe and private setting and view 
physical wounds. Encouraging HCPs to become 
aware of the signs of abuse, neglect, and mal-
treatment offers victimized patients a safety net, 
which creates a proactive workplace giving a 
voice to victims of egregious crimes of abuse. As 
HCPs become more comfortable with screening 
and assessing all patients for abuse, neglect, and 
maltreatment, they will become more comfort-
able with the screening process. Additionally, as 
HCPs assure that healthcare facilities are well 
versed in multidisciplinary team collaboration, 
patients are given a voice and experience signifi-
cant improvement in their health outcomes.
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26.1  Introduction

What is more important; knowing your bank bal-
ance at an automated teller machine (ATM) in a 
distant gas station or having the ability to view 
your most recent computed tomography (CT) 
scan and report at your doctor’s office in your 
town? The banks appear to have this figured out 
reasonably well. What is holding up healthcare? 
Is it money or priorities? As more and more of 
healthcare events are migrated to have more and 
more relevant data digitally transferred, man-
aged, and stored, the chances of someone hack-
ing into patient healthcare records increases 
exponentially. Why would hackers want this 
information? This chapter will reveal this as part 
of the challenges in keeping unwanted visitors 
out while giving permissions to view to wanted 
visitors. The effect of breaches is to “reduce 
patient trust, cripple health systems, and threaten 
human life” [1]. More research on cybersecurity 
has focused on technology but all aspects (human, 
organization, management, and strategy) need to 
be researched [2].

26.1.1  Intranet Versus Internet

If we could create an intranet (a closed network 
within the boundaries of the enterprise), then it 
would be much easier to maintain security and 
grant permissions to who gets to see what infor-
mation. The Internet and the need to use its digi-
tal pathways for cost-effective sharing of data is 
what creates the opportunity for unwanted visi-
tors to break into the closed networks within 
healthcare systems. Examples of threats to secu-
rity are listed in Table 26.1.
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Table 26.1 Threats to security come in the following 
forms

• Identity Information Theft
• Ransomware
• Spy Ware
• Computer Viruses seeking private information
• Trojan Horses
• Malware
• Hackers seeking databases to exploit
• Data Leaks—software created with backdoors
•  Data Leaks—through healthcare laptops stolen with 

PHI databases on them
•  Phishing—trickery to get you to log into a false web 

site to harvest User Identification (UID) and 
Password(s) and security questions

•  Cyberattacks—on servers and data centers to view 
function to exploit; enterprise control systems

• Manipulation or theft of social media accounts
•  Harvesting your Internet travels and preferences to 

target you for marketing
•  Plus, hundreds if not thousands of other security 

breaches too numerous to mention
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For all the threats listed above, antidotes are 
developed as quickly as possible and new secu-
rity protocols are deployed, in the never-ending 
cat and mouse game of digital security.

As we get up each day and go about our lives, 
there are hundreds of thousands of criminals 
who are spending 24 h day working and devel-
oping new ways to compromise our digital life. 
It is this counter culture that has waged a war on 
our digital lives which causes us to have to 
implement complex and very complicated barri-
ers to entry.

26.2  Why Is Protected Health 
Information (PHI) Critical?

Consider if a new diagnosis of a disease was 
shared from a hacked information source with 
an insurance company. The insurance company 
could then deny or cancel coverage even before 
the patient is told of the diagnosis. Here insur-
ance companies could profit from the misfor-
tune of others who they collect premiums from 
up until the disease is known. Alternatively, 
imagine a professional level athlete having the 
magnetic resonance imaging (MRI) results on 
his or her knee leaked to the press as they enter 
into contact negotiations with a team. It could 
cost the athlete millions and disrupt the normal 
sequence of events for the team, the athlete, 
and the fans. It would feel like an injustice has 
been done.

Hackers are increasingly targeting healthcare 
providers because of the high price they can com-
mand for sensitive patient data and for the recent 
success from ransomware attacks. In the United 
States, in the past year, there has been more than 
one hospital held up with ransom payments to 
extortionists in order to regain the use of their 
computers back from the ransomware. Aside 
from this driving up the already high cost of 
healthcare imagine if all computers are compro-
mised at a time of a national emergency and hun-
dreds of thousands of lives are lost due to a 
ransomware event designed to bring a country to 
its knees by a corrupt organization attempting to 
leverage their beliefs over another.

26.3  Is Cybersecurity Important?

Clinical care has become dependent on equip-
ment using information technology (IT) [2]. 
Cybersecurity is much more important because it 
affects not only money and who get it or does not 
get it but the natural course of people’s lives. 
Compromised PHI determines if they can live 
with dignity or shame and disgrace because the 
wrong people accessed information.

Within a healthcare enterprise there can be 
hundreds, thousands, or tens of thousands of 
devices on the network—most are high technol-
ogy healthcare applications designed to do spe-
cific healthcare functions built by vendors who 
are not aware of the invading enemies. Should the 
IT department do their jobs well then there is no 
problem. Smaller health centers often do not have 
the staff nor budgets to defend the enemy with all 
the current state-of-the-art tools required. As seen 
in Fig. 26.1, the classic IT configuration is to cre-
ate a “De-Militarized Zone” (DMZ) where 
devices known to the enterprise can approach the 
protected network and permutate the firewall to 
gain access remotely as require. Clinicians and 
administrators who have extended responsibili-
ties to access the hospital network during off- 
hour situations are often given special permissions 
for this.

The challenge is to prevent or intercept 
cyberattacks. A mechanism which can detect 
malicious activity within devices and data trans-
fer into or out of the enterprise while not inter-
fering with the daily operations is essential. 
Larger healthcare providers most likely have 
more resources to address cybersecurity. The 
availability of tools that can protect a range of 
devices without requiring individual device ven-
dor software changes will significantly reduce 
cyber threats.

One of the greatest vulnerabilities comes with 
image sharing. Images are a key part of health-
care operations. Compact disc (CD)/digital ver-
satile disc (DVD) based image sharing 
applications are being replaced with cloud-based 
applications. Server-side viewing and rendering 
technologies employing internal cloud-type ser-
vices where all data is on a single server that 
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performs the image rendering as opposed to 
many devices around the enterprise limit the risk 
of image manipulations by corrupted applica-
tions providing non-uniform images resulting in 
a misdiagnosis.

26.4  Medical Device 
Cybersecurity

As medical devices have become more sophisti-
cated so have the challenges to guard and secure 
protected health information. Coronado and 
Wong have defined two distinct cybersecurity 
threats to devices as affecting the operation of a 
medical device and tampering with the integrity 
of the information [3]. Researchers have recently 
shown how an attacker can remove or add evi-
dence of disease conditions from volumetric (3D) 
medical scans by using deep learning [4]. In 
2014, a provider in the United States (US) faced 
misdemeanor charges related to theft of PHI 
belonging to about 97,000 patients [5]. In the 
USA PHI theft falls under federal law.

Threats to cybersecurity may also impact the 
operation of medical equipment. Many newer 
models of physiologic monitoring equipment are 
capable of transferring collected data directly to 
the electronic medical record (EMR), as well as 
notifying providers via personal mobile devices. 
Staff with cell phones or pages can be instantly 
alerted to patient alarms. This interoperability 
and interconnectivity leads to new cybersecurity 
issues that are very challenging [3].

26.5  Preventing Cyberattacks

As hackers have gained expertise in their craft, 
preventing cyberattacks has become more diffi-
cult. Authentication and encryption are two strat-
egies to reduce attacks.

26.5.1  Authentication

Authentication, which is the way an individual is 
identified before entering a system, is one method 

Healthcare Enterprise Cybersecurity
E-Mail Server

Other Access Points

Clinician Remote
Access Device

Intruder Attack
Rebuked

Image and Document
DataSneakerNet
into Enterprise
[Not secure]

Inter-Hospital
Data Transfer

Bank Credit Card Patient Vendor

Virus Checking

Guest/Website

Protected Healthcare
Enterprise Network

Internal Cloud Computing
Advanced Visualization App

DMZ

Firewall

Cloud
Computing

Fig. 26.1 Configuration drawing of a Healthcare 
Enterprise Security system with access ports to known 
devices and access blocking to intruders. Yet this is not 

enough as there are a number of work-arounds to harvest 
PHI and other valuable data or inject ransomware to bring 
the enterprise to a halt
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to reduce unauthorized access [6]. A single-factor 
authentication (SFA) involves the use of a user-
name and password. Users of SFA find it chal-
lenging to create unique passwords and then to 
comply with frequently changing these pass-
words. Multifactor authentication (MFA) has 
emerged to remedy this situation [6]. MFA 
requires the user to complete at least two authen-
tication methods.

26.5.2  Encryption

Data can be protected through encryption. 
Encryption can be divided into transparent data 
encryption and column-level encryption [6].

26.5.3  Role of Management

According to a recent IBM study “For the 9th 
year in a row, healthcare organizations had the 
highest cost of a breach—nearly $6.5 million on 
average (over 60% more than other industries in 
the study)” [7]. Cybersecurity insurance is avail-
able; however, that does not restore trust.

Cybersecurity needs to be an organizational 
priority. This may involve a culture change within 
an organization to include education and training 
for staff on ways to protect information, as well 
as to identify any problems that may surface. 
Backup and safe storage of data and an annual 
security audit are recommended [8]. Maintenance 
and updates including antivirus and antimalware 
protections should be current. Virtual private net-
works (VPNs) should be used when working off-
site; these use a safe encrypted connection for 
authorized users [8].

Guidance documents on the subject of cyber-
security are available from The National 
Electrical Manufacturers Association (NEMA) 
[9]. (See https://www.nema.org/Standards/Pages/
Cybersecurity-for-Medical-Imaging.aspx for the 
document Cybersecurity for Medical Imaging 
and others.) United States federal guidance on 
cybersecurity is found in publications from the 
National Institute of Standards and Technology 
(NIST) [10].

Available research papers on incident recov-
ery and legality are scarce as most research 
related to cybersecurity is focused on privacy and 
compliance [2]. Financial penalties and harm to 
the healthcare organization’s reputation are con-
sequences of a data breech [11]. Assessing if a 
reportable breach has occurred should follow the 
institution’s policies and procedures and regula-
tory standards.

26.6  Conclusion

Cyberattacks are not limited to financial or 
healthcare institutions. They are omnipresent in 
the cyber-world as the enemy can attack from 
anywhere in the physical world. The inability to 
achieve a secure cyber-world costs us collectively 
billions each year. When a breach happens to us, 
we expect someone else to pay for it regardless of 
whose fault it was.

In healthcare, we can only do our very best to 
prevent cyberattacks. The odds are in the favor of 
the enemy; sooner or later one of them will get 
though. They will compromise the patient and 
their privacy or will bring an enormous health-
care enterprise to an instant halt, thus possibly 
compromising the health of thousands of others. 
The world’s financial institutions who have been 
at the information technology cybersecurity 
game for more than 20 years ahead of healthcare 
still do not have this figured out yet. Therefore, 
we will need to accept this threat of an attack as a 
daily risk and do our best to protect institutions 
and our patients as best we can till cybersecurity 
is perfected.
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27.1  Introduction

Radiology nurses and advanced practice provid-
ers are in the perfect clinical setting to raise 
awareness and have a high level of clinical 
inquiry in order to meet the needs of the patients 
that are in their care while in the radiology suite. 
It is imperative that care and radiology clinical 
practice are established on evidence-based prac-
tices and benchmarks which have been deter-
mined by radiology nurses. The radiology nurse 
should also be mindful of patient outcomes after 
a radiologic procedure, as well. Who knows 
your practice better than you? Who can present 
the unique radiology nursing body of knowl-
edge to the forefront other than the radiology 
nurse? Clinical practice is the main source of 
clinical inquiry. Hedges [1] describes a three-
legged stool whereby nursing practice sits on a 
stool- supported research, evidence-based 
research, and quality improvement, the three 

legs of the stool. As part of daily nursing prac-
tice, the radiology nurse is continually monitor-
ing the patient’s vital signs and other physical 
assessment indicators and documenting all of 
the data being collected before, during, and after 
a radiologic procedure. All of this work can 
potentially be transformed into a research proj-
ect, evidence-based practice project, or a quality 
improvement initiative. Data is everything. “In 
God we trust; all others bring data” [2].

27.1.1  The First Nursing Research

Since the 1800s, when Florence Nightingale, 
the founder of nursing and a statistician, estab-
lished nursing as a profession, nurses have 
worked diligently to promote the principles of 
hygiene, healthy living, safe environments, and 
preventative care to all people. Throughout her 
work during the Crimean war, and in the various 
hospitals in London and military barracks, 
Nightingale adhered to a daily practice of 
assessing a problem by clinical observation uti-
lizing her five senses (sound, touch, sight, taste, 
and smell), implementing a change process and 
evaluating the outcomes by using statistical 
analyses of the data generated from the patients 
being cared for [3]. Nightingale is also revered 
as the first nurse scientist as she asked simple 
questions about the effects of personal hygiene, 
the transmission of communicable diseases, and 
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the importance of hand hygiene to prevent the 
spread of illness. Her studies were dedicated to 
promoting a safe and healthy environment to 
enhance the patients’ physical and mental well-
being. As a fledgling nurse scientist, Nightingale 
wrote: “It is not for the sake of piling up miscel-
laneous information or curious facts, but for the 
sake of saving life and increasing health and 
comfort” [4]. Nightingale was instrumental in 
research, evidence-based practice, and quality 
improvement through clinical inquiry. What 
distinguishes these three forms of clinical 
inquiry in the daily practice of a radiology 
nurse? The purpose for conducting research, 
evidence-based practice (EBP), and quality 
improvement (QI) is to improve patient care, 
clinical care, administrative infrastructure, and 
educational outcomes. “All three approaches 
have an important, yet different relationship 
with knowledge: Research generates it; EBP 
translates it; and QI incorporates it” [5].

27.2  Research

Research is a rigorous systematic investigation 
or scientific process that validates and refines 
existing knowledge and develops new knowl-
edge that is generalizable. Research is consid-
ered to be the most rigorous form of scientific 
appraisal and the highest level of evidence. 
Research provides evidence for EBP and 
QI.  All research requires the approval of an 
institutional review board (IRB) in an effort to 
provide ethical and regulatory oversight of 
research that involves human subjects. Nursing 
research generates new knowledge about 
patient outcomes, nursing practice, nursing 
education, and nursing administration and can 
influence nursing practice and healthcare orga-
nizations [5, 6]. The benefits of nursing research 
includes better patient outcomes, cost effi-
ciency for patients and healthcare organiza-
tions, and nurses can prove that the nursing 
profession can make a difference in people’s 
lives, nationally and globally. Nursing research 
can demonstrate the effectiveness of nursing 
interventions [7].

27.2.1  Role of Nurses

Nurses can assume a variety of roles in the 
research process such as principal investigator 
(PI), member of the team conducting the 
research, member of the statistical analyses 
team, and/or member of the dissemination of 
findings team. As a member of the research 
team, the nurse has the opportunity to partici-
pate in writing the research protocol, recruiting 
subjects, consenting the subjects, conducting 
the actual components of the research process, 
analyzing the data, and presenting the data, 
either as a manuscript or by presentations at 
conferences and healthcare organizations, 
locally, nationally, or internationally.

27.3  Research Approach

New nursing knowledge can be generated from 
either quantitative research, qualitative research, 
mixed methods research, and outcomes research 
(Fig. 27.1).

Types of Quantitative Research

Descriptive Research 

Experimental Research

Quasi-experimental Research

Correlational Research

Types of Qualitative Research

Phenomenological Research

Grounded Theory Research

Exploratory-descriptive Research

Ethnographic Research

Mixed Methods Research

Outcomes Research 

Fig. 27.1 Research methods
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27.3.1  Quantitative Research

Quantitative research uses formal, tightly con-
trolled objective systematic measurements 
which can have the ability to produce generaliz-
able findings [7]. Measurement is a primary 
method of quantitative examination in research. 
Typically, quantitative research uses numerical 
data to perform statistical analyses to answer the 
research question or hypotheses [8]. Quantitative 
studies usually have a minimum of two groups 
involved and may test for differences between 
and within the groups. Types of quantitative 
research include descriptive, experimental, 
quasi-experimental, and correlational research. 
Radiology nurses may want to assess and mea-
sure the vital signs such as blood pressure, heart 
rate, respiratory rate, or pulse oximetry during a 
particular procedure or after a particular medi-
cation has been given to the patient to evaluate a 
potential cause and effect of a particular vari-
able. Additionally, quantitative research can test 
for effectiveness of interventions and patient 
outcomes, as well.

27.3.2  Qualitative Research

There are four types of qualitative research: phe-
nomenological, grounded theory, exploratory- 
descriptive, and ethnographic research. Qualitative 
research is not as tightly controlled as quantitative 
research because it is more subjective. Qualitative 
research centers more on the meaning of experi-
ences to the patient. In this case, the radiology 
nurse would be conducting interviews and observ-
ing the patients’ experiences. Instead of produc-
ing analytical numerical results, emerging themes 
and phrases would be the end result of a qualita-
tive study [9]. Radiology nurses who conduct 
interviews or focus groups and attempt to capture 
the lived experience of a patient who had under-
gone a radiologic procedure is an example of a 
qualitative study. The radiology nurse would then 
be able to cluster the themes and phrases derived 
from the interview or focus groups and report the 
findings.

27.3.3  Mixed Methods

Mixed methods research is the use of both quanti-
tative and qualitative components in a research 
study, and it is frequently utilized in healthcare 
because of the complexity of the ever-changing 
healthcare system. When conducting a nursing 
mixed methods research project in a radiology 
suite, the radiology nurse is able to use numbers 
(quantitative) and words (qualitative) to answer 
the research question [7]. Mixed methods research 
offers the unique ability to explain a phenomena 
or a patient outcome objectively and subjectively 
based on the data received from the patient.

27.3.4  Outcomes Research

Outcomes research is a rigorous scientific method 
that concentrates on the outcomes of patient care. 
With regard to nursing outcomes research, the 
focus pertains to how a patient’s health status 
changes as a result of care provided by nurses 
[10]. As healthcare systems, providers and nurses 
assess the importance of patient-centered out-
comes to drive best practice and healthcare cost 
reduction. The Agency for Healthcare Research 
and Quality (AHRQ) supports the endeavor of 
patient-centered outcome research (PCOR). This 
type of outcomes research allows for the identifi-
cation of gaps in healthcare delivery, research to 
provide answers and rationale, and the dissemi-
nation of findings. This cyclical process, endorsed 
by AHRQ, ensures that outcomes research find-
ings are known, understood, and properly utilized 
[11]. Outcomes research is known for developing 
processes to improve quality of care.

27.4  Evidence-Based Practice

Evidence-based practice (EBP) usually starts, 
again, with clinical inquiry. Once a thorough 
review of the literature has been completed 
and sufficient evidence is presented to support 
a practice change, an EBP project can be 
implemented [5]. However, if a review of the 
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literature and critical appraisal of the literature 
does not yield sufficient evidence to conduct an 
EBP practice change, then a research study is 
required. EBP is an unequivocal interdisciplin-
ary process that empowers clinicians to seek 
out the best current scientific evidence to deter-
mine best practices. Scientific evidence is in the 
form of existing research, particularly random-
ized controlled trials (RCTs). Usually, reviews 
of the evidence are performed by experts in the 
field and are published as national guidelines 
and practice protocols [1]. EBP is the applica-
tion of findings from research to inform nurses 
and clinicians of clinical decision-making skills 
at the point of care. EBP promotes change from 
practicing because of “tradition” to practicing 
based on scientific evidence. EBP projects gen-
erally do not require IRB approval. Wolf and 
Greenhouse [12] identified five trends that 
emphasize the necessity of an evidence-based 
approach to promote effective healthcare deliv-
ery for the future: changes in the patients’ 
knowledge level, changes in the types of clini-
cians and settings required, advances in medi-
cine, advances in information technology, and 
changes in reimbursement. The implementation 
of EBP projects has shown a reduction in 
healthcare cost and the increase in patient 
satisfaction.

27.4.1  EBP and the Radiology Nurse

Radiology nurses are well positioned to develop 
skills for finding scientific evidence to support 
their nursing practice. Patients, who are consum-
ers of the healthcare system, are much more 
knowledgeable regarding their health and the 
healthcare delivery system than previous genera-
tions. With the assistance of the internet, patients 
are able to query any symptom, any drug, any 
treatment, any disease, and any treatment plan 
with the stroke of a few keys. Nurses, advanced 
practice providers, and physicians are expected 
to be apprised of the current trends and best prac-
tices especially because patients now have acces-
sible knowledge. For example, patients may 
come to a consult session with their own idea of 

a test or procedure desired and may request a 
computed tomography examination for lower 
back pain as they believe this would be the best 
test per their own investigation of the problem via 
public magazine articles or searching internet 
sources (all types). The practitioner who gathers 
information from the history and performs a 
physical exam may determine that a magnetic 
resonance imaging examination is the preferred 
diagnostic test.

The practitioner can locate information on 
many databases such as PubMed, Ovid, CINAHL, 
and Medline[13–16]. In late 2018, the ECRI 
Guidelines Trust™ initiated access to clinical 
practice guidelines after the Agency for 
Healthcare Research and Quality (AHRQ) 
National Guideline Clearing House™ site was 
discontinued due to lack of funding [17].

27.4.2  Cochrane Database

In the 1970s, Archie Cochran, MD, challenged 
the practice of physicians and suggested that phy-
sicians were not using the best evidence to deliver 
appropriate care. As a result of his tenacious 
work, the Cochrane Database was established in 
1993 [18]. This database is a warehouse of medi-
cal research to facilitate evidence-based options 
for healthcare providers. This global network is 
not only available to healthcare providers but also 
to patients and people interested in healthcare. 
The Cochrane Database of Systematic Reviews 
(CDSR) database offers systematic reviews, 
which summarize large bodies of evidence and 
protocols prepared by established Cochrane 
Review groups who have conducted critical 
appraisal of the scientific evidence. As a result of 
this systematic review process, a best practice or 
evidence-based practice change can be 
established.

27.4.3  Joanna Briggs Institute

Another database that supports clinicians in pro-
viding evidence-based practice information is the 
Joanna Briggs Institute (JBI) which is established 
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in South Australia [19]. Since 1996, when the 
institute was established, JBI has identified many 
healthcare evidence-based protocols to promote 
effective healthcare practices.

27.4.4  Models for Clinical 
Decision-Making

EBP projects are usually guided by a variety of 
models to offer a systematic process for clinical 
decision-making (see Table 27.1).

EBP projects start with a clinical or organiza-
tional issue which then leads to the development 
of a question. Any of the EBP models will guide 
the implementation of the project. Crafting a spe-
cific question guides the multidisciplinary team 
towards a more detailed literature review. Many 
EBP projects start with a PICO question (Patient, 
population or problem; Intervention; Comparison 
with other interventions and Outcomes) 
(Fig. 27.2).

Once the team has refined the PICO question 
and the literature review has revealed a best prac-
tice change, then the team proceeds to the imple-
mentation stage. The team will assess the 
outcomes and re-evaluate the process, and if the 
desired outcomes have not been achieved, a rede-
sign of the intervention may be required. Once 

the desired outcome has been achieved, sustain-
ability is monitored. Continued surveillance of 
the intervention and outcomes are essential in 
order to ensure the desired initial outcome.

27.5  Quality Improvement

Quality improvement (QI), sometimes referred to 
as process improvement (PI), is another modality 
to improve healthcare delivery that can be champi-
oned by radiology nurses and a multidisciplinary 
team. QI is an internal systematic process of 
change that does not require IRB approval unless 
the data are presented outside of the institution[1]. 

Table 27.1 Models for clinical decision-making

Model title Authors Website
Iowa Model [20] Titler and 

colleagues
https://uihc.org/
iowa-model-revised-evidence-based-practice-
promote-excellence-health-care%C2%A9

Advancing Research and Clinical Practice 
through Close Collaboration Model  
(ARCC) [21]

Melnyk and 
Fineout-Overhol

The Johns Hopkins Hospital EBP  
Model [22]

Poe and White

Academic Center for EBP Star Model of 
Knowledge Transformation (ACE) [23]

Stevens

Stetler Model [24] Stetler https://www.nccmt.ca/knowledge-repositories/
search/83

PRISM Model [25] Feldstein and 
Glastow

https://www.nccmt.ca/knowledge-repositories/
search/135

Rosswurm and Larrabee Model [26] Rosswurm and 
Larrabee

Promoting Action on Research in Health 
Services Framework (PARIHS) [27]

Kitson, Harvey, and 
McCormack

https://www.nccmt.ca/knowledge-repositories/
search/85

Patient/Problem:

Medical condition:

Intervention: (therapy, diagnostic test, etc.)

Compare to: (same as above, optional)

Outcome: (optional)

Fig. 27.2 PICO format [28]
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QI improves workflow processes which can lead 
to cost containment and increased staff satisfaction 
and patient satisfaction[5]. Similar to research and 
EBP, QI requires the use of a problem statement or 
question, some type of protocol, and collection of 
data. A unique attribute to QI is that the change 
process is considered to be rapid and cyclical in 
nature which allows for the rapid evaluation of the 
process and results. If the desired outcome has not 
been achieved, the process is changed and addi-
tional evaluation of the process is later required. 
Once the desired effect has been achieved, sustain-
ability is achieved by continued monitoring of the 
data and re- evaluation. Parallel to research and 
EBP, QI has a variety of methods to accomplish 
successful QI projects. These methods include 
Lean Six Sigma, Six Sigma, Plan-Do-Check-Act 
(PDCA) model, and the Plan-Do-Study-Act 
(PDSA) model.

Tools utilized to conduct a QI project include 
benchmarking, field analysis, and checklists. 
Unlike research, QI projects are institution spe-
cific and the results cannot be considered gener-
alizable. Results from a QI project can be 
disseminated through publication and presenta-
tions internally and externally at a variety of 
conferences.

27.6  Nursing Research Studies 
in Radiology

Nurse-driven research in radiology falls into four 
major categories: clinical practice, patient experi-
ence, safety, and nursing education. Additionally, 
joint research with colleagues, including physi-
cians and radiology technologists, provides 
nurses an opportunity to collaborate on a wide 
range of topics. In large departments there may 
be a designated radiology research nurse.

Research studies evaluating clinical practice 
have focused on a variety of clinical issues 
including, for example, sedation and patient 
safety, music therapy, nursing diagnosis, staff 
satisfaction, role, and competence [29–37].

Selection and management of procedural 
sedation relies on assessment of the patient’s 
medical history, allergies, current condition, and 

previous experience with sedating medications. 
Collaboration with the radiologist enhances 
patient selection and appropriate level of seda-
tion. A review of 727 adverse events experienced 
in the pediatric population showed inadequate 
sedation, agitation and delirium was found to 
occur in 196 cases; desaturation below baseline 
occurred in 173 cases [29]. An evaluation of a 
radiology specialist nurse-led unit assessed 
patient outcomes over a 10-year period in 401 
angiography procedures [30]. Patients referred to 
the clinic were assessed by a specialist nurse 
before, during, and after angiography procedures. 
A low incidence of major complications was 
observed. Patients indicated a high level of satis-
faction with nursing. Cost savings were approxi-
mately $187–$500 per patient.

Studies in clinical areas outside of radiology 
and/or nursing utilize a variety of techniques to 
decrease patient stress [38–44]. In the pediatric 
population, play therapy specialists used age- 
appropriate language to explain magnetic reso-
nance imaging (MRI) procedure [45]. Children 
were provided with photographs of children or a 
teddy bear undergoing a MRI.  A 2010 study 
used mock MRI scanners prior to pediatric pro-
cedures [46]. Patient education was provided by 
a pediatrician and child life specialist. Results 
showed an increase in quality of scans. Children 
as young as three participated in the observa-
tional study.

Music therapy has also been employed to 
decrease stress. A review of 13 studies [32] indi-
cated that music interventions lower blood pres-
sure and reduce the need for medication during 
interventional radiology studies. Further studies 
are needed to determine the benefits of stress- 
relieving techniques in radiology. Collaborative 
efforts with physicians, child life therapist, and 
radiologic technologist provide an opportunity to 
expand non-pharmacologic options.

A 2012 Swedish nurse interview study analyz-
ing the nurse’s experience in caring for patients 
undergoing radiologic interventions [34] identi-
fied four themes: creating a trusting atmosphere, 
creating a dialogue, dealing with unpredictable 
outcomes, and dealing with pain and agony. The 
first patient encounter was identified as essential 
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to patient perception; if the encounter “turns out 
badly in the beginning, it is very hard to reverse” 
[34]. Establishing a trusting atmosphere is a cru-
cial step for the nurse to achieve when dealing 
with unpredictable outcomes and pain that the 
patient may be experiencing. Additionally, form-
ing a caring relationship with the patient can 
increase the nurse’s satisfaction with work. 
BroBrask’s study [35] supports the earlier work 
of Lunden [34] and broadens the scope support-
ing the concept that care is more than just the 
relationship between patient and nurse.

Patient experience is defined as “the sum of all 
interactions, shaped by an organization’s culture, 
that influence patient perceptions, across the con-
tinuum of care” [47, 48]. Studies focusing on 
patient experience and quality of care demon-
strate an absence of consistent definitions and use 
of nonvalidated satisfaction surveys [49]. An 
early phenomenological study indicated informa-
tion provided on the radiology exam and interac-
tions with staff influenced patient experience 
[50]. Nineteen participants who underwent MRI 
described problems dealing with the environment 
and isolation inside the scanner. Breathing exer-
cises, music, and use of a buzzer to contact staff 
allowed participants to feel in control. 
Additionally, participants indicated an increased 
need for staff support when the individual experi-
enced greater stress due to the procedure.

A cross-sectional study evaluated 698 partici-
pant’s perception of quality of care [51]. The 
relationship between quality of care and demo-
graphic factors was also explored. A question-
naire was mailed to participants 2–3  days 
following the radiology procedure. Thirty-one 
percent of participants completed education post 
high school, 41% completed high school, and 
28% did not complete high school. Over 50% of 
the participants indicated they were employed. 
Wait time in the radiology department varied 
from less than 15 minutes to greater than 1 hour. 
Perceived low quality of care was associated with 
longer wait times, low level of education, and 
female participants.

A culture of safety promotes evidence-based 
care, a positive work environment, and commit-
ment to improvement [52]. Core values and 

behaviors illustrate an organizations dedication 
to safety and improved patient outcomes [53]. 
Key features of a culture of safety include 
acknowledgment of the high-risk nature of activi-
ties, establishment of a blame-free environment, 
collaboration across disciplines, and commit-
ment to address safety concerns [54]. Medical 
emergencies in radiology were the focus of 2012 
study [55]. A retrospective review of records 
indicated that 60% of patients experiencing an 
event were from a non-ICU area and 43% of 
events occurred on the initial day of hospitaliza-
tion. Post event, 70% of patients required a higher 
level of care. The highest number of events 
occurred on weekdays between 8  AM and 
12 PM. Results indicated that patients in radiol-
ogy were at an increased risk of care escalation 
and death compared to patients in the inpatient 
area. A follow-up study indicated that patients 
who require transport may be at greater risk for 
instability [56].

Education specific to radiology is lacking in 
undergraduate nursing programs [57]. Skills 
required by nursing in radiology cover a wide 
variety of clinical specialties including operat-
ing room, post anesthesia/recovery care, ambu-
latory nursing, and even critical care when the 
patient condition deteriorates. Many facilities 
do not have educational support for the spe-
cialty of radiology and rely on clinical experts 
within nursing and radiology to facilitate ori-
entation of staff. Assessment of competency 
may be based on observation of care, chart 
reviews, or demonstration of skills [58]. 
Research has not focused on educational tech-
niques such as simulation, virtual reality/gam-
ing technology, and journal clubs [59–61]. 
Although literature is available on these meth-
ods, studies have not been conducted to deter-
mine effectiveness in nursing.

A specific education topic that is crucial to 
both patients and nursing is radiation safety. A 
2006 study in Kuwait utilized a self-administered 
questionnaire to investigate nurses awareness of 
radiation risks and safety procedures [62]. Thirty- 
five nurses completed the survey. Results indi-
cated nurses were not aware of the “as low as 
reasonably achievable (ALARA)” principle [63]. 
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A Korean study examined nurses’ knowledge 
and compliance with radiation safety procedures 
[64]. The study evaluated data from the Korea 
Nurses’ Health Study, the Korean version of the 
United States Nurses’ Health Study. Fifty percent 
of nurses received no safety training and 14.4% 
received sporadic training. Education was 
observed to increase compliance with radiation 
safety efforts. A tool that could be used to guide 
education efforts, The Healthcare Professional 
Knowledge of Radiation Protection self- 
evaluation (HPKRP) tool was developed to assess 
knowledge and understanding of ionizing radia-
tion and protection from effects [65]. The vali-
dated HPKRP tool could provide direction in the 
development of educational offerings specific to 
knowledge of radiation and radiation safety, 
thereby impacting compliance.

27.7  Conclusion

Research by nurses in radiology encompasses a 
broad range of topics. Additional study is 
needed for many of the topics presented. 
Research with physician and technologist col-
leagues offers an opportunity to collaborate on 
clinical topics that require a team approach. 
Nursing input into future trials can enhance 
patient experience and ultimately provide 
improved patient outcomes. Areas for future 
research are listed in Table 27.2.
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28.1  Introduction

Over the past 20 years, the Institute of Medicine 
(IOM) released three reports sounding the 
alarm about the quality and safety of healthcare 
in the United States. On a much larger scale, the 
World Health Organization [1] reiterated the 
same concerns. The overarching message was 
that health professionals are unprepared to 
effectively communicate and collaborate as part 
of a team leading to poor outcomes including 
medical errors, patient safety issues, lack of 
patient and provider satisfaction, and higher 
costs [2]. In the United States, this turmoil is 
compounded by the fact that the healthcare sys-
tem is undergoing major changes in delivery 
from a fee-based to value- based system [3]. 
Radiology as a specialty area has also under-
gone significant changes in the recent past due 
to advances in imaging technology, increased 
use of interventional procedures, and newly 
emerging roles such as radiology and imaging 
nursing [4, 5].

28.2  Calls for Change

In response, interprofessional education (IPE) 
and collaboration has come to the forefront as 
one solution. Expert consensus supports the 
notion that effective interprofessional collabora-
tive practice leads to better patient outcomes [6]. 
Quality and Safety Education for Nurses (QSEN) 
developed competencies for nursing set forth by 
the IOM; patient-centered care, teamwork and 
collaboration, evidence-based practice, quality 
improvement, safety, and informatics [7]. 
According to QSEN, team members possessing 
proficient knowledge, skills, and attitudes of 
teamwork and collaboration encourage open 
communication, mutual respect, and shared 
decision- making to ensure delivery of high- 
quality patient care. Some of the main team 
premises include gaining knowledge of roles and 
responsibilities of all team members, demonstrat-
ing shared commitment to patient-centered goals, 
proficient skills in communication techniques to 
foster safe handoffs, and a positive attitude 
toward team functioning and appreciation of all 
team members [7].

Most accreditors for healthcare professional 
schools require IPE in the curriculum. Schools of 
nursing seeking accreditation from the American 
Association of Colleges of Nursing (AACN) must 
meet a minimum set of competences as provided 
in The Essentials of Baccalaureate Education for 
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Professional Nursing Practice, Essentials of 
Masters’ Education in Nursing, and Essentials of 
Doctoral Education for Advanced Nursing 
Practice) [8–10]. Collectively, the Essentials chal-
lenged nurse educators to prepare future nurses 
for interprofessional teamwork at the appropriate 
level. For instance, the baccalaureate- prepared 
nurse should possess an understanding of the 
roles and responsibilities of professionals on the 
healthcare team and use effective communication 
techniques and collaboration skills to facilitate the 
delivery of evidence- based, patient-centered care. 
The master’s-prepared nurse must possess skills 
to build and lead interprofessional teams with a 
focus on improving patient and population health 
outcomes by leading, communicating, collaborat-
ing, and consulting with other members of the 
healthcare team. The doctoral prepared nurse is 
expected to serve as an effective team leader when 
appropriate, overcome impediments to interpro-
fessional practice, develop and implement prac-
tice models, health policy, and evidence- based 
standards of care, analyze complex practice and 
organizational issues, and serve as a change agent 
in the complex healthcare system.

Momentum for change continues, in 2017 The 
National Organization of Nurse Practitioner 
Faculties (NONPF) set forth nurse practitioner 
core competencies and offered content areas for 
the curriculum [11]. The nurse practitioner is 
expected to assume leadership roles and guide 
change to foster collaboration among the health-
care team in the delivery of quality care. Likewise, 
the American Association of Nurse Anesthetists 
(AANA) (2019) Standards for Nurse Anesthesia 
Practice Standard 14: A Culture of Safety calls 
for collaborative interdisciplinary engagement in 
practice conjoined by shared goals and decision- 
making [12]. The Association for Radiology and 
Imaging in Nursing (ARIN) expects the regis-
tered nurse in the imaging setting to serve as a 
role model with leadership abilities, effective 
communication skills, and a facilitator of team-
work focused on personalized care of the indi-
vidual patient [13]. Additionally, one component 
of the American Nurses Credentialing Center’s 
(ANCC) Magnet® Recognition model calls for 
exemplary professional practice within nursing 

that entails being an integral part of the interdis-
ciplinary team [14].

As a result of these recommendations, IPE has 
been embedded into most health professions’ 
curriculums. Operationalizing IPE requires 
extensive collaboration among champions at 
each school, in addition to time and resources. 
Operationalizing IPE in practice settings can be 
even more challenging. Slanetz and Mullins [5] 
support the need for IPE in radiology to promote 
collaborative practice in an effort to ensure better 
patient care in today’s complex healthcare sys-
tem [5]. The authors list team-based interprofes-
sional experiences as key curricular components 
for diagnostic radiologists as per the Accreditation 
Council for Medical Education (ACGME).

28.3  Culture Change

Interprofessional collaboration must be preceded 
by interprofessional education. This education 
can occur in a variety of settings. Interprofessional 
education “occurs when two or more professions 
learn with, about, and from each other to enable 
effective collaboration and improve healthcare 
outcomes [1]. The ultimate goal is that IPE will 
lead to interprofessional collaboration which is 
“a type of interprofessional work involving vari-
ous health and social care professionals who 
come together regularly to solve problems, pro-
vide services, and enhance health outcomes” [2].

In an ongoing effort to prepare future health-
care professionals for team-based patient care 
and improved individual and population health 
outcomes, the Interprofessional Education 
Collaborative (IPEC) published the National 
Core Competencies for Interprofessional 
Collaborative Practice [6]. The competences: val-
ues/ethics of interprofessional practice, rules/
responsibilities, interprofessional communica-
tion, and teams and teamwork fall under one 
overarching domain of interprofessional collabo-
ration. The goal is that the competencies will be 
embraced across all health professions because 
there is an expectation that healthcare providers 
enter the practice setting ready to engage in 
 collaborative practice. No longer can health pro-

W. Manetti



303

fession students be educated in silos. It is unreal-
istic to expect optimal team performance in the 
practice setting when students have never had the 
chance to work together previously. Along the 
same line, in clinical practice valuable input from 
colleagues in other disciplines is missed when 
work is carried out in silos.

Many barriers exist to effective change 
because change is difficult. For instance, sea-
soned nurse educators and nurses may not have 
the knowledge, skills, or training for teamwork. 
In addition, limited resources including time, 
space, equipment, and funding can restrict educa-
tional efforts [15]. Strategies to overcome barri-
ers require champions to lead the effort to gain 
buy-in from key stakeholders in order to make 
this model a reality.

A culture change and new outlook in health-
care delivery is needed. Traditions must be chal-
lenged. In addition to training novices differently 
as they enter the profession, experienced practi-
tioners will need to be retrained to think and act 
differently as well. Hierarchal leadership models 
must become a thing of the past. The culture of 
the unit is a critical factor in the overall success 
of the team. Each team member should be treated 
with kindness and respect. A positive attitude can 
be contagious. It is the responsibility of each 
individual to display these admirable qualities on 
a daily basis. This type of team cohesiveness will 
be sensed by patients. In addition to making the 
work environment a pleasant one, patients are 
entitled to be cared for by a happy, confident, pro-
ficient healthcare team.

28.4  Development 
and Implementation 
of a Plan

The goal is to offer a simple plan that can be used 
by everyone no matter their background. In order 
to make this meaningful, practical, and easy to 
use, the following is a suggested plan for embed-
ding IPE into an educational curriculum or prac-
tice setting offering continuing education.

First, the learners must be identified as well as 
their level of knowledge and experience. Second, a 

curriculum is developed to address one topic or 
concept. An IPE curriculum might include a series 
of one IPE lessons per month. Third, a lesson plan 
is devised for each monthly session. “The one-sen-
tence lesson plan” is an easy means of doing this 
[16]. The breakdown is as follows. Identify “the 
what” you want the learners to know or be able to 
do following the lesson. Determine “the how” this 
learning will be achieved or what teaching strate-
gies or activities you will utilize to allow the learn-
ers time to apply or experience the content 
hands-on. Explain “the why” or the rationale for 
learning the content to the learners [16]. According 
to Eng, this step is critical because it creates learner 
buy-in by attaching a meaningful purpose [16].

A template for the final “one-sentence” might 
read: After this lesson, the learners will be able to 
do x by using y method, so that they will be 
helped in z way.

The following is an example of Eng’s method 
applied to radiology [16]. The immediate radiol-
ogy team includes the following healthcare pro-
fessionals: a radiologist or proceduralist, a nurse, 
a radiology technologist and an anesthesiologist 
or a certified registered nurse anesthetist (CRNA). 
However, there are other professionals outside 
this intimate team that team members interact 
with such as: patients, families, transporters, and 
nurses on medical-surgical units. Thus, depend-
ing on the lesson the exact learners may change 
but can include anyone on the team.

When implementing a new IPE curriculum for 
radiology, scaffolding material might be helpful. 
Lessons could begin with learning roles and 
responsibilities of team members, then move on 
to teamwork strategies during procedures, and 
finally crisis management. Twelve sessions can 
be further defined from these categories. In plan-
ning a single monthly IPE lesson, “the one- 
sentence lesson plan” is written.

Team Strategies and Tools to Enhance 
Performance and Patient Safety (TeamSTEPPS®) 
is an evidence-based framework to optimize team 
performance across the healthcare delivery system 
[17]. TeamSTEPPS® framework consists of team 
structure and four skills: communication, leader-
ship, situation monitoring, and mutual support. 
TeamSTEPPS® can guide the development of the 
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learning activities for teamwork strategies lessons 
[17]. This framework can provide the tools to carry 
out “the one-sentence lesson plan” with the radiol-
ogy team. For example, “the one- sentence lesson 
plan” might read: After this simulation, learners 
will be able to effectively communicate by using 
TeamSTEPPS® skills, so that they function better 
as a team with the end goal of delivering high-
quality, safe, patient- centered care.

The following steps are taken in the imple-
mentation of the “the one-sentence lesson plan.” 
Open the lesson with “the why” to allow learners 
an opportunity to contextualize the topic [16]. 
One might ask the learners, what experiences 
they have had in a crisis situation requiring clear 
communication and efficient teamwork. Then 
during the Mini-lesson introduce TeamSTEPPS® 
communication strategies (Table 28.1).

Table 28.1 TeamSTEPPS® key principles and strategies

Key principles Strategies
Communication SBAR Template used to communicate critical information requiring immediate 

attention.
  Situation: What is currently happening with the patient?
  Background: What is the relevant clinical background?
  Assessment: What is the perceived problem?
  Recommendation and request: Suggestions to correct the problem.

Call-Out Reporting critical information aloud for entire team to hear.
Check-Back Expecting and demanding “parroting” of requests.

Leadership Brief Short session prior to starting case, team roles and plan of care agreed on.
Huddle Ad hoc planning, often around a single patient or event. Establishes/reestablishes 

situational awareness.
Reinforces plan already in place. Assesses need to adjust the plan.

Debrief Informal information exchange session designed to improve team performance 
and effectiveness through lessons learned and reinforcement of positive 
behaviors.

Situation 
monitoring

STEP STEP: a tool for monitoring situations in the delivery of care.
  S—Status of the patient: history, physical exam, vital signs, medications, plan 

of care, psychosocial factors.
  T—Status of team members: fatigue, workload, task performance, skill, stress 

level.
  E–Environment: human resources, equipment, triage acuity, facility.
  P—Progress toward goal: patient status, goals/actions of team, is plan still 

appropriate.
Mutual support Two- 

challenge 
rule

Empowers any member of the team to “stop the line” if he/she senses a safety 
breach.
  – This action requires immediate cessation of the process and resolution.
  –  If initial assertion ignored, it is responsibility of team member to 

assertively voice concern at least two times to ensure it has been heard
  – The team member being challenged must acknowledge
  –  If the outcome is still not acceptable: take a stronger course of action and 

utilize supervisor or chain of command
CUS – I am Concerned!

– I am Uncomfortable!
– This is a Safety Issue! “STOP”

DESC Script A constructive approach for managing and resolving conflict.
  – Describe the specific situation or behavior, provide concrete data
  – Express how the situation makes you feel/what your concerns are
  – Suggest other alternatives and seek agreement
  –  Consequences should be stated in terms of impact on established team 

goals; strive for consensus

Adopted and adapted from United States Department of Health and Human Services, Agency for Healthcare Research 
and Quality. TeamSTEPPS course management guide. Available from: https://www.ahrq.gov/teamstepps/index.
html[17]
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Guided practice could include watching video 
clips on the TeamSTEPPS® website. The brief 
clips demonstrate the same clinical scenario 
twice, when team members use the communica-
tion strategies and when they do not, thus high-
lighting the significance of the strategies in 
enhancing team performance. A simple simula-
tion activity with trained actors or staff to serve as 
standardized patients could follow. This allows 
the team to apply the communication skills dur-
ing a simulated scenario and serve as a rehearsal 
for an actual procedure as well. Since interven-
tional radiology teams are performing many 
computerized tomography (CT)-guided percuta-
neous lung biopsies, this might provide the simu-
lation scenario. In closing the lesson, debrief the 
team’s performance, the communication strate-
gies used, opportunities missed, and what could 
be done differently to improve team functioning 
in the future. The closing should reflect back on 
“the why” the learning experience was important 
in the first place. In this scenario, a complication 
such as a pneumothorax could occur requiring 
recognition and prompt reporting of the findings 
to the radiologist and mobilization of the team for 
chest tube insertion. Utilization of TeamSTEPPS® 
communication skills in managing the crisis can 
improve the patient’s outcome.

Much of IPE and collaboration occurs at the 
point of care. Ideally, prior to diagnostic testing 
or a procedure, ordering providers such as nurse 
practitioners or residents would have phone con-
sultations with the radiologist so that clinical 
findings could be discussed. This affords the radi-
ologist the opportunity to suggest the best study 
or procedure to explore differential diagnoses. 
This collaborative exchange between providers 
offers an opportunity to learn from each other, 
increase patient safety, and decrease costs so that 
the most cost-effective test is performed. In addi-
tion, a nurse or radiology technologist interacts 
with the patient and/or the unit nurse caring for 
the patient on an inpatient unit. This would ensure 
the patient is appropriately prepped and educated 
beforehand.

Prior to the initiation of any surgical and non-
surgical invasive procedure, the Universal 
Protocol for Preventing Wrong Site, Wrong 

Procedure, and Wrong Person Surgery™ should 
occur with active involvement of all team mem-
bers [18]. During a procedure, the ARIN asserts 
that there must be “consistent, reliable and com-
petent nursing presence in procedure rooms and 
peri-procedure areas always.” Therefore, most 
often a registered nurse is staffed per procedure 
room. If sedation is administered, the nurse or 
nurse anesthetist’s sole responsibility is to moni-
tor the patient and administer medication. Early 
identification and prompt intervention of an 
adverse event reaction is critical.

Post procedure, the team collaborates and 
develops a patient-centered plan for post proce-
dure care. The nurse provides a thorough handoff 
to foster smooth transition and to ensure appro-
priate monitoring and patient education is given 
[19]. TeamSTEPPS® communication techniques 
should begin with a pre-brief, continue through-
out the procedure, and close with a debrief [17].

28.4.1  Adult Learning Theory  
or Andragogy

Strong theory should dictate appropriate teaching 
strategies for the adult learner. It is important to 
understand and consider the characteristics of 
adult learners when developing a teaching plan. 
According to Knowles, adults are intrinsically 
motivated, self-directed learners who reflect on 
their performance and readily make assessments 
as to their inherent strengths and weaknesses 
[20]. Adults learn best through experiential learn-
ing activities that require collaboration in prob-
lem solving. A student-centered, active learning 
approach is critical. Adult learners need to apply 
new learning to real-life circumstances with the 
opportunity to see the consequences of their 
actions [20].

28.4.2  Teaching Strategies

Teaching strategies must be carefully devised and 
should align with the fundamental principles of 
andragogy. There is robust data to support IPE to 
promote interprofessional collaboration. Reeves 
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et al.’s systematic review assessed studies based 
on a modified Kirkpatrick model and concluded 
learners respond well to IPE, their attitudes and 
perceptions of one another improve, and there is 
a reported increase in collaborative knowledge 
and skills [21]. The researchers also report a 
small but growing body of literature to support 
changes in behavior, organizational practices, 
and benefits to patients from IPE [21].

28.4.2.1  Team Building
Many teaching strategies foster teamwork. The 
following activities can be utilized to create the 
12-month IPE curriculum. Team building strate-
gies range from icebreakers to escape rooms. 
Something as simple as competing with other 
teams to build the longest paper chain in 5 min 
can be effective. This activity strengthens com-
munication skills and enhances problem solving 
and creative thinking. In “the blindfold game” a 
blindfolded team member must rely on col-
leagues to navigate through a room of obstacles. 
This game can help teams build trust and improve 
communication and listening skills. Escape 
rooms are the new craze. Participation can be fun 
as team members work together using sound 
communication, critical thinking skills, and con-
flict management techniques to reach the com-
mon goal which is to solve the room’s mystery in 
order to escape. Escape rooms have been used 
with nursing students [22], nurses [23], and inter-
professional teams [24] as an active learning 
strategy to improve team skills.

28.4.2.2  Case Studies
Case studies can be done in an asynchronous for-
mat online. A discussion board or blog can be the 
platform. A team leader can be assigned weekly 
or monthly, depending on the frequency chosen. 
The leader finds a case study relevant to radiol-
ogy and posts it for discussion. All team mem-
bers must contribute to the discussion until the 
case is resolved. At that time the leader posts the 
answer. This can also be done in an unfolding 
case study format in which details of the case are 
revealed at different points in the discussion. The 
leader can use professional journals to find cases 
of various difficulty to challenge the team based 

on their background knowledge and experience. 
Strang Zook et al. used unfolding case studies in 
a virtual simulation format using SecondLife 
(Linden Lab, San Francisco, California) with 
health profession graduate students [25]. This 
and other IPE activities were integrated over 
three semesters. The researchers found over time 
participants reported increased self-perceived 
ability to work with others and increased comfort 
in doing so [25].

28.4.2.3  Radiology Grand Rounds
Grand rounds can engage the radiology team via 
discussion and brainstorming interesting or chal-
lenging cases they recently encountered or are 
currently handling. Team members learn from 
each other by listening and working together to 
resolve the problem. This can also be done in a 
weekly topic format with case-based presenta-
tions by members on the radiology team or other 
healthcare professionals the team can learn from. 
Topics and cases are selected based on a needs 
assessment to provide learner-centered, up-to- 
date knowledge about timely issues that impact 
patient outcomes in radiology [26]. Presentations 
should be brief and end with time for questions 
from learners. An interactive question-and- 
answer component could be utilized to foster 
engagement of the learners. Poll Everywhere® 
and Kahoot Polling® are two polling systems 
available to engage the audience in discussion.

Grand rounds is not a new pedagogical 
method. Medicine has been utilizing this teach-
ing strategy for many years. More recently the 
idea has been reinvented with an interprofes-
sional focus. Matamoros and Cook’s innovative 
approach to a collaborative multidisciplinary 
grand rounds was well received in a pediatric 
practice setting [27]. Poore et al. used a simulated 
case for interprofessional grand rounds in a uni-
versity setting including students from eight 
 disciplines and received positive feedback from 
learners [28].

28.4.2.4  Friday Night at the ER®

Friday Night at the ER® game is an experiential 
learning tool that uses simulation to engage 
learners to develop organizational thinking skills 
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and improved team performance. The game 
requires game boards and is ideally played by a 
group of 24, divided among 4 to 6 tables. The 
teams compete by collaborating and making 
data-driven decisions in an emergency room (ER) 
setting and are charged with delivery of high- 
quality, safe, cost-efficient patient care. Bacon, 
Trent, and McCoy found undergraduate nursing 
students had significantly higher scores on the 
Systems Thinking Scale and self-reported profi-
ciency with the quality improvement QSEN com-
petency after playing the game [29].

A sense of urgency is created by the ER set-
ting and time limit of one hour to play. Afterward, 
teams debrief evaluating performance measures: 
cost and quality and reflecting on two questions, 
“What felt real?” and “What strategies were used 
during the game?” [30]. A game such as this can 
give the radiology team a chance to become more 
fiscally aware in the context of a larger healthcare 
system while practicing teamwork skills.

28.4.2.5  High Fidelity Simulation
High-fidelity simulation (HFS) with patient sim-
ulators could offer a safe yet effective way for 
radiology teams to engage in IPE. Simulation is 
not a new teaching strategy for the specialty, for 
many years task trainers have been employed to 
allow learners the opportunity to practice skills 
before performing the procedure on an actual 
patient [31]. Interactive high-fidelity simulators 
add an entirely new dimension to their lower 
fidelity counterparts. High-fidelity patient simu-
lators have the ability to bleed, breathe, sweat, 
seize, and speak and are equipped with audible 
heart, lung, and bowel sounds. These simulators 
can be pre-programmed to mimic specific condi-
tions and will respond physiologically to medica-
tions, treatments, and procedures. HFS has been 
used for many years in healthcare professional 
schools.

More recently, acute care institutions have 
begun to use the evidence-based teaching- 
learning strategy. HFS allows for experiential 
learning, so the team can practice in a simulated 
but life-like setting prior to actual patient care 
[32]. It is a safe, realistic way to practice tech-
niques, procedures, interpretive skills, crisis 

management, professionalism, communication, 
and collaborative practice. The addition of stan-
dardized actors to play the role of patients, family 
members, or ancillary staff can add realism. The 
roles can be played by theatre majors or by indi-
viduals hired from the public and trained 
accordingly.

Potential complications in the radiology set-
ting should be anticipated and planned for. High- 
fidelity simulation could be utilized to prepare 
teams for such emergencies like anaphylaxis to 
contrast media or respiratory depression during 
the delivery of sedation and analgesia. Practice 
makes perfect. Scenarios can be designed to 
allow the team to practice for such adverse events 
ahead of time. Institutions could partner with 
local colleges or universities who have simula-
tions if needed. This could foster future collab-
orative events between the two.

Medical students, undergraduate nursing and 
nurse anesthesia students’ attitudes and behav-
iors toward interprofessional practice in an oper-
ating room setting were improved after HFS 
focusing on teamwork [33]. Wang et al.’s study 
with a radiology team found that HFS was more 
effective than computer-based training for the 
management of contrast reactions [34]. Niell 
et  al. stated participants in their study reported 
significant improvement in teamwork and man-
agement of anaphylaxis after IPE using HFS 
[35]. Both contrast reaction management and 
team work skills can be taught and should subse-
quently be practiced. Retrieval of these skills on 
a regular basis is important to assure ongoing 
proficiency.

28.4.2.6  Sharing Applications
Team meetings can offer a chance for colleagues 
to engage in meaningful conversation and shar-
ing of professional resources. Sharing applica-
tions (Apps) for cell phones that can be used as a 
resource at the point of care can build relation-
ships among team members. Some Apps are free 
or available at low cost; yet, others can be expen-
sive. Radiology Assistant by BestApps BV 
received the “Best Radiology Mobile App” award 
at the Radiological Society of North America 
(RSNA) 2018  in Chicago. Other useful Apps 
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include: Radiology Rounds-Radiologists by 
Daily Rounds Inc., Radiology CT viewer by Ca 
Nguyen, and Medications in Radiology and 
Medications in Interventional Radiology by 
Murthy Chamarthy. Numerous drug references 
are available; IV Medications Gahart (2018) by 
Skyscape Medpresso Inc. is devoted specifically 
to intravenous medication administration.

28.4.2.7  Interprofessional 
Conferences

Interprofessional conferences are an excellent 
venue to share IPE research and showcase what 
the radiology team has learned from IPE events. 
Participation does not have to be researched 
based, sharing IPE experiences can also serve 
as welcome information that others are inter-
ested in.

28.4.2.8  IPE Book Club
An IPE book club for the team can be useful. 
Books on teamwork and leadership offer good 
topics. This might be an opportunity to engage 
colleagues outside the radiology team from other 
practice areas.

28.4.2.9  Telehealth
Telehealth is becoming increasingly more com-
mon. Ciro et al. describe an IPE telehealth expe-
rience with graduate students facilitated by a 
university affiliated clinic [36]. Standardized 
patients were used to play the patient role. An 
interesting finding was that the students at the 
remote site stated they felt establishing a relation-
ship with the patient was more challenging. 
However, teamwork may have been enhanced by 
detailed communication and reliance on each 
other especially for those students not on site 
with the patient.

28.5  IPE Resources

Resources are readily available online to sup-
port teaching and assessment efforts to trans-
form the delivery of healthcare. Websites 

provide a wealth of information to aid in the ini-
tiation or advancement of IPE in any setting. 
Many are free, a few require membership fees. 
Information included on the sites include, but 
are not limited to, webinars, training courses, 
publications, conferences, funding opportuni-
ties, links to additional resources, and “how to” 
toolkits. The following is not intended to be a 
complete list of sites but is offered as a good 
starting point.

• Agency for Healthcare Research and Quality 
(AHRQ), Team Strategies and Tools to 
Enhance Performance and Patient Safety 
(TeamSTEPPS®) https://www.ahrq.gov/team-
stepps/index.html

• American Interprofessional Health Collaborative 
(AIHC) https://aihc-us.org/

• Canadian Interprofessional Health Collaborative 
(CIHC) http://www.cihc.ca/

• Centre for the Advancement of Interprofessional 
Education (CAIPE) https://www.caipe.org/

• Institute for Healthcare Improvement (IHI) 
http://www.ihi.org/education/ihiopenschool/
Pages/default.aspx

• Interprofessional Educational Collaborative 
(IPEC) https://www.ipecollaborative.org/

• Interprofessional Professionalism Collaborative 
(IPC) http://www.interprofessionalprofession-
alism.org/

• MedEdPORTAL https://www.mededportal.
org/collection/interprofessional-education/

• National Center for Interprofessional Practice 
and Education (Nexusipe) https://nexusipe.org

• Quality and Safety Education for Nurses 
(QSEN)http://qsen.org/

• Transforming Interprofessional Groups 
through Educational Resources (TIGER), by 
The University of Leicester, De Montfort 
 University and The University of Northampton 
http://tiger.library.dmu.ac.uk/

• University of Washington, Center for Health 
Sciences Interprofessional Education Research 
and Practice https://collaborate.uw.edu/

• World Health Organization (WHO) https://www.
who.int/hrh/resources/framework_action/en/
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28.6  Evaluation of the Plan

Evaluating an educational program overall and 
individual lesson is needed no matter the 
teaching- learning strategy. This constructive 
feedback process informs changes in the program 
or lesson.

28.6.1  The Modified Kirkpatrick 
Model

The Modified Kirkpatrick Model offers a guide 
to evaluate outcomes [37]. Kirkpatrick and 
Kirkpatrick delineated four outcome levels: 
Level one: Reaction or satisfaction of the learn-
ers in the program [38]. This information can 
be ascertained via an anonymous survey at the 
conclusion of each lesson. This feedback 
informs the teacher and should be taken into 
consideration to improve the lesson in the 
future. Level two: Knowledge gained by the 
learners. A pre-test, post-test is an effective 
method to determine if learning occurred as a 
result of the lesson. Level three: Behavior 
changes in the learner. Long-term effects of the 
lesson might best be assessed months to years 
afterward or at various intervals. To accomplish 
this, a questionnaire could be sent to all the 
learners via email using an anonymous format 
such as Survey Monkey®. The addition of open-
ended questions might provide robust informa-
tion. For example, please describe changes to 
your daily routine providing patient care as a 
result of xyz IPE. Level four: Change in organi-
zational practices or care delivery and benefits 
to patients as a result. In radiology, the success 
of this outcome could be measured by assign-
ing a radiology team member to an observer 
role during a procedure where the individual’s 
sole responsibility is to monitor use of specified 
communication techniques or lack thereof 
using a standardized tool. Anonymous surveys 
can be used to ascertain patient and family 
satisfaction.

28.6.2  Assessment Tools

Valid and reliable research instruments are 
needed to advance the science of interprofes-
sional education. According to a multi-methods 
project by Blue et al. there is a lack of assess-
ment methods and valid and reliable tools in IPE 
[39]. Blue et al. conducted interviews with IPE 
program leaders, a literature review, and an 
expert meeting with leaders from the United 
States and Canada and concluded there were 
valid and reliable tools available to assess atti-
tudes and readiness of learners but tools to 
assess individual and team performance were 
scarce. The researchers called for longitudinal 
assessment that include multiple data sources to 
measure knowledge, skills, and behaviors of the 
learners in various settings. Furthermore, they 
stressed the need for formative feedback for 
learners to promote growth and development of 
their IPE skills. In addition, the researchers 
cited the need for behavioral assessment tools to 
evaluate competences of the individual and 
team. Objective structured clinical exams 
(OSCE) could provide the mechanism to achieve 
this. Finally, Blue et al. highlighted the need for 
frameworks and associated tools that connect 
learner or team performance and patient out-
comes [39].

Blue et al. [39] and Rogers et al. [40] endorsed 
the Interprofessional Collaborator Assessment 
Rubric (ICAR) which assesses a learner’s perfor-
mance of the Canadian IPE competencies [41]. 
Subscales of the ICAR are communication, col-
laboration, roles and responsibility, collaborative 
patient/client-family centered approach, team 
functioning, and conflict management/resolution. 
Each subscale is divided into dimensions. For 
example, the collaboration subscale is divided 
into three dimensions: collaborative relationship, 
integration of information from others, and 
 information sharing. These competencies are 
measured on a developmental trajectory. The 
developmental stages range from minimal, devel-
oping, competent, to mastery.

28 Interprofessional Education and Collaboration
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Rogers et  al. endorsed the Individual 
Teamwork Observation and Feedback Tool 
(iTOFT) to assess a learner’s performance [40]. 
Thistlethwaite et  al. developed two versions of 
the tool: basic for junior level students and 
advanced for senior level students and novice 
healthcare professionals [42]. The Basic Tool 
lists 11 observable behaviors in two categories: 
shared decision-making and working in a team. 
The Advanced Tool includes 10 additional 
observable behaviors from two more categories: 
leadership and patient safety. The items are 
graded: not applicable, inappropriate, appropri-
ate, and responsive. No matter which tool or 
method is used for assessment, it is imperative to 
remember that feedback should be ongoing. The 
learner should receive formative feedback from 
an assessment in order to improve where needed 
prior to summative evaluation.

Lockeman et  al. shared a refined IPEC 
Competency Self-Assessment Survey [43]. This 
tool originally developed in 2012 was intended to 
assess outcomes related to collaborative practice 
[44]. According to Lockeman et  al. the refined 
tool is shorter and easy to use while it retains 
sound reliability and validity [44]. The revised 
tool contains two domains: one linked to inter-
professional interaction, the other interprofes-
sional values. The revised self-assessment tool is 
a 5-point Likert scale with 16 items intended to 
measure the IPEC competencies.

28.7  Future Research Goals

The IOM challenged researchers to move beyond 
examining the impact of IPE on learners’ knowl-
edge, skills, and attitudes and instead to focus on 
the link between IPE and performance in prac-
tice, including the impact of IPE on patient and 
population health and healthcare delivery system 
outcomes [2]. Outcome research is needed to 
establish a link between IPE and patient safety, 
patient and provider satisfaction, quality of care, 
health promotion, population health, and health-
care costs [3].

The Triple Aim developed by Berwick, Nolan, 
and Whittington from the Institute for Healthcare 

Improvement (IHI) describes an approach to 
optimizing health system performance [45].The 
articulated the goals remain appropriate today 
and require collaborative practice, namely, 
improving the experience of care (quality and 
satisfaction), improving the health of popula-
tions, and reducing healthcare costs. The IHI 
website has resources available for organizations 
and communities to facilitate their quest to 
achieve the interdependent goals.

28.8  Conclusion

Ideally, IPE would start early in health profession 
curriculums, then be practiced and emphasized 
during clinical experiences, and continue into the 
practice setting as a means of professional devel-
opment. Done in this way, the desired outcomes 
of the Triple Aim could be realized. This chapter 
provides foundational resources needed to 
develop, implement, and evaluate educational 
efforts to foster the development of effective 
interprofessional collaborative practice involving 
nurses, radiologists, and radiologic technologists 
to transform the delivery of healthcare. Finally, 
future avenues for research and practice are 
shared.
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Social Media

Saad A. Ranginwala

29.1  Introduction

Communication worldwide has been rapidly 
changing over the past 20–30  years. With the 
widespread adoption of email, the first step 
towards acceptance of digital correspondence 
was set. Particularly within the last 15  years, 
social media has become an integral part of the 
communication landscape.

Social media is a form of digital communica-
tion allowing for direct interaction between users. 
It differs from many other previous forms of 
communication in that there is, by design, often 
no intermediary between users, allowing for 
more direct communication. The sharing and 
consumption of content is governed by the unique 
features and rules inherent to each social media 
platform, which informs the best uses of each of 
these services.

Social media has become a required mode of 
communication in the business world. For busi-
nesses, the ability to reach and deliver content to 
consumers directly, large user bases, low start-up 
and maintenance costs, and ability to receive 
unadulterated feedback from consumers has 
proven to have great utility. While social media 
has clearly been embraced by the general public 

and businesses, medicine has relatively lagged 
behind in adoption of this mode of communica-
tion [1–3].

Currently, many in the medical world are 
beginning to use social media on a wider scale. 
While the level of adoption varies widely by 
institution and individual, social media has 
become a tool worth considering and employing 
on both a personal and institutional level.

29.2  Participation

Participation in social media can be performed on 
both a personal and institutional level. Each has 
different goals and purposes that should be prop-
erly utilized by the user account.

On the personal level, most institutions do not 
place restrictions on their employees creating 
accounts. However, care must be taken to share 
content responsibly. If there are restrictions per 
your employer on what types of content can be 
posted, these guidelines should be considered 
when posting on social media. Potential specific 
uses on different networks will be discussed later.

On the institutional level, it is very important 
to understand your organization’s marketing and 
social media policies. Many institutions may 
require explicit approval from legal or marketing 
departments to participate in social media apart 
from restrictions on types of content allowed to 
be posted.
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There are a few reasons for these types of 
restrictions by organizations, particularly in 
regard to the number of groups allowed to par-
ticipate individually under the umbrella of an 
organization. First, organizations generally 
prefer a focused message to consumers and 
patients. The participation of multiple groups 
under the same organization can lead to gar-
bling and dilution of the organizational mes-
sage. Second, multiple groups raise the 
possibility of public blunders. Many organiza-
tions have made mistakes on social media 
requiring apologies after posting inappropriate 
content to their social media accounts. Last, 
regularly updated content is important to con-
tinue to stay relevant. Organizations aim to 
avoid orphaned accounts as they can demon-
strate a lack of attention by the organization or 
even pose as a security risk due to targeting by 
hackers [4, 5].

Once an individual or group has decided to 
use social media, it’s worthwhile to ask a few 
questions to guide their potential use. Who is the 
target audience? Which platform should be used? 
How often will content be propagated? Who will 
be in charge of both creating and managing con-
tent? What will content look like?

It’s also very important to define how you or 
your organization will measure success. While 
each platform has its own specific metrics, 
some terms are important to know across plat-
forms. For example, followers refer to individu-
als who have subscribed to your channel. 
Impressions measure the number of individuals 
who have seen your post. Engagement is a mea-
sure of how many people have interacted with a 
specific post. Many other metrics may be pres-
ent which are more specific to a given 
platform.

29.3  Types of Platforms

In order to get a better understanding of how to 
use social media, it is beneficial to discuss some 
of the most popular platforms, their specific char-
acteristics, and best uses.

29.3.1  Twitter

Twitter is a text and image-based social media 
platform based around interactions between users 
and followers via interactions called tweets 
(Fig. 29.1). As of February 2019, Twitter reported 
321 million active monthly users [6]. Tweets are 
comprised of up to 240 characters with the ability 
to include embedded images, videos, and links. 
While these messages are brief, they can be 
posted in succession to form threads which can 
elicit deeper discussions. In addition, direct mes-
sages (DM) can be used to directly and privately 
communicate with individuals. Each user has a 
“handle,” which is composed of a user name pre-
ceded by the “@” symbol. The main interactions 
on Twitter consist of tweets, replies to tweets, 
retweets (RT; reposting of another user’s tweet), 
likes, and tags. Hashtags are words or phrases 

Fig. 29.1 The feed on Twitter allows users to receive pub-
lic posts from other users that they follow. Note the icons 
(message bubble, circular arrows, and heart) below the post 
which allow users to reply, retweet, and like, respectively
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preceded by the “#” symbol which are used to 
emphasize a thought or categorize the tweet by a 
topic or trending discussion. For example, medi-
cal conferences often utilize hashtags to link 
tweets between attendees, such as #RSNA18 for 
the Radiological Society of North America 2018 
Annual Meeting [7]. Anecdotally, Twitter is the 
most widely used social media platform for inter-
actions between medical professionals in the 
United States.

On a personal level, Twitter can be used as a 
personal profile for interaction with others in 
your field online. An individual can share per-
sonal knowledge, accomplishments, events, and 
have discussions with colleagues. It can serve as 
a springboard for forming relationships with 
individuals that you may otherwise never have a 
chance to interact with. This can often serve as a 
bridge to in person interactions and new, benefi-
cial professional relationships.

At the organizational level, Twitter can 
serve multiple purposes. First, it can serve as 
an organizational message board. Notable 
accomplishments, presentations, publications, 
profiles, and other items from members in the 
organization can be shared [8]. Interactions 
with other users on Twitter can also serve to 
establish the credibility of the organization 
with knowledgeable interactions with other 

credible individuals and organizations. It’s 
important to determine the goals of your inter-
action and base your presence and voice around 
achieving those goals.

Metrics on Twitter are robust. Basic metrics 
include aforementioned universal metrics such as 
followers and impressions. In addition, platform- 
specific metrics include number of retweets, 
replies, and likes. Twitter provides access to these 
metrics and more advanced metrics within its 
analytics package [9].

29.3.2  Facebook

Facebook is a social media platform with the 
largest user base in the world, consisting of 2.38 
billion monthly active users as of March 31, 2019 
(Fig.  29.2) [10]. Facebook is a predominantly 
text and link-based platform with the ability to 
embed many different types of media within 
posts. It was among the first platforms to incor-
porate a specific platform for businesses rather 
than just individuals with analytics geared 
towards optimizing businesses.

On a personal level, the use of Facebook is 
somewhat limited in the medical space. Personal 
accounts generally remain geared towards family 
and friends rather than patients or customers.

Fig. 29.2 Business 
page on Facebook. 
Organizations can 
include any relevant 
information for their 
business and provide 
direct contact for 
customers, patients, and 
their families. Note that 
the public can also leave 
reviews and comments
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On an organizational level, because of 
Facebook’s large user base numbering in the bil-
lions, a presence is virtually necessary, if for no 
other reason than to serve as a landing page in 
such a widely used “directory.” Business pages 
differ from personal pages in a number of ways, 
including organization, content, and how users 
subscribe to content. Unlike how personal 
accounts generally work through the “friend” 
concept requiring mutual agreement for content 
sharing, business accounts can be liked by users 
without explicit approval from the business, 
allowing the user to then receive content the busi-
ness posts. General information such as location, 
hours of operation, addresses, phone numbers, 
and emails can also be included. Users are also 
able to “check-in” to let others in their network 
know that they have visited.

As platforms, Facebook and Twitter differ in a 
few ways. First, Facebook does not enforce a 
small character limit like Twitter, allowing for 
much longer and more detailed posts. Often, these 
posts are accompanied by links or other media, in 
order to better capture users’ attention. Second, 
the manner in which content is distributed differs. 
Facebook offers differing levels of privacy for 
posts, while Twitter content is available either 
publicly or specifically only for followers [11].

Examples of uses for Facebook include mak-
ing announcements, sharing content from other 
social media channels, and responding to user 
feedback and complaints.

Metrics on Facebook are among the most 
robust available on social media platforms. While 
basic metrics such as followers, likes, impressions, 
and engagement are available, advanced analytics 
through the Insights platform are also available.

29.3.3  Instagram

Instagram is an image-based social media plat-
form with over 1billion active monthly users 
(Fig. 29.3) [12]. The Instagram app is designed to 
be used exclusively on a mobile platform. It 
allows users to perform a variety of functions 
including editing images with filters and creating 

descriptive captions with hashtags. While 
Instagram initially gained rapid popularity due to 
unique features such as square aspect ratio for 
images, filters, and mobile experience, Instagram 
has continually expanded its features and now 
allows posting in several forms. Traditional posts 
are viewed within the feed and consist of a mix of 
images and/or videos in each post with an accom-
panying caption. A newer feature called “Stories” 
allows users to post temporary images/videos 
which disappear after 24  h. One of the newest 
features, “IG TV,” allows users to post videos of 
lengths greater than 1 min. The proliferation of 
these new features has anecdotally substantially 
changed the manner in which users have inter-
acted, but generally interactions continue to 
occur mainly between users and their followers 
with additional interactions occurring secondary 
to categorization via hashtags [13–16].

Fig. 29.3 Instagram post. Note the image with releant 
caption below the image. The icons (heart, message bub-
ble, paper airplane) allow users to like, reply to, and send 
the post to another user, respectively
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While the reliance on the mobile experience 
works well for personal uses, it may be subop-
timal for education, a large focus in the radiol-
ogy community. The reasons for this are as 
follows. First, mobile image capture has tradi-
tionally been the focus of Instagram. However, 
in the realm of radiology education and with 
imaging contained within PACS on desktop 
workstations, mobile capture of images is 
likely not the most effective manner of obtain-
ing high-quality images. There are methods to 
get around this important limitation. 
Specialized screen capture applications can be 
used to copy these images in high quality. 
However, even after obtaining a high-quality 
image, another limitation of Instagram is that 
there is no official way to upload these images 
from the desktop/web to Instagram. Images are 
required to be sent in some manner to a mobile 
device to be uploaded. This can be achieved 
via email, text, or other services such as 
Dropbox™. Last, there are limited options for 
scheduling content within the app, though 
online services are available which skirt around 
these restrictions.

Despite these multiple limitations, the 
image- based focus of Instagram is well suited 
for a visible field such as radiology, particu-
larly for education. With the ability to create 
posts via a multitude of methods using both 
images and videos, Instagram offers a robust 
platform for radiology focused users. However, 
prior to sharing images, it’s important to con-
sider the legal and institutional policies in your 
organization. Avoiding using identifiers such 
as age, gender, and specific clinical or social 
information can help to protect patients whose 
images are shared for educational purposes. In 
addition, newsworthy cases should also gener-
ally be avoided.

Instagram metrics are relatively basic but have 
become more robust over time. Basic metrics 
such as number of followers and number of likes 
in a post are easily accessible. Other more 
advanced metrics such as impressions, unique 
views, and more can be obtained by using a busi-
ness account.

29.4  Conclusion

Social media has grown to become one of the most 
powerful media of communication. With its ability 
to reach large audiences directly using a number of 
different platforms with varying strengths, weak-
nesses, and demographics, individuals or organi-
zations can connect with audiences within the 
radiology community (medical professionals) or 
outside of it (patients and families.) While the use 
of social media for and within medicine is in its 
relative infancy [17], the power of this form of 
communication is apparent and use will only con-
tinue to grow over time. See Fig.  29.4 for addi-
tional resources on social media and nursing.
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Response to Violence

Jeffrey Strickler

30.1  Introduction

Violence against healthcare workers is a wide-
spread problem impacting care providers across 
the globe. This violence is coming from patients, 
family members, visitors, and even interpersonal 
violence from other employees. Such episodes of 
violence require health workers to be ever mind-
ful of their risk and to develop new skill sets 
enabling them to better manage these incidents. 
In turn, it is requiring healthcare organizations to 
better prepare both staff and their facilities in 
ways to mitigate this violence. This chapter will 
look into the incidence of violence, describe how 
to assess for the factors putting individuals and 
organizations at higher risk, and most impor-
tantly prepare themselves and their organizations 
so that they can respond in a stronger and more 
proactive fashion to these threats.

30.2  Epidemiology

Hospitalization is stressful for all involved and 
navigating medical care can be frustrating for 
patient and family alike. As care providers, we 
need to understand that some individuals will 

respond to this stress and frustration with aggres-
sive behavior. The challenge for healthcare 
workers is how to provide care to those under 
their watch while recognizing and responding to 
the cues of dissatisfaction and/or escalation so 
that a therapeutic relationship and environment 
can be maintained.

30.2.1  Incidence

The incidence of violence in a health setting is 
becoming more prevalent. A landmark study by 
the Emergency Nurses Association (ENA) in 
2009 brought attention to this problem by 
showing that half of the emergency department 
(ED) nurses in their sample stated that they had 
been either verbally or physically assaulted in 
the previous 7 days with 12% suffering physi-
cal violence and 59% experiencing verbal abuse 
[1]. Further description revealed that 97% of 
this reported violence was perpetrated by 
patients and most nurses in the sample believed 
that the incidence of violence in their daily 
work had increased. This study revealed that 
incidences of violence had precipitated 25% of 
nurses to consider leaving the profession 
whereas 10% actually did leave. This study 
showed that greater than half did not feel safe 
or prepared to handle a violent encounter [2].

Although this example highlights that many 
incidents of violence are related to emergency 
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care (80%), this problem is not unique to the 
ED. Other units such as the intensive care unit, 
psychiatric, pediatric, obstetric, and neonatal 
departments, as well as nursing homes or other 
long-term care facilities, are all shown to be at an 
increased risk for violence [3, 4]. According to 
the Occupational Safety and Health 
Administration (OSHA), 75% of the 25,000 
annual workplace assaults occurred in the health-
care and social service setting and healthcare 
workers are four times more likely to be a victim 
of violence than workers in the private sector [5]. 
The National Crime Victimization Survey 
showed a 20% higher chance for healthcare 
workers to be a victim of violence compared to 
other workers [6]. A survey by the American 
Nurses Association (ANA) showed similar 
results to the ENA study with 21% of nurses 
reporting physical assault and 50% being ver-
bally assaulted [7]. Further evidence of this 
increase, the Morbidity and Mortality Weekly 
reports showed that injuries from workplace vio-
lence doubled between 2012 and 2014 and work-
place assaults averaged 24,000 incidents per year 
(2011–13) representing a 75% increase in work-
place violence in healthcare [8]. Such statistics 
show that healthcare workers are now a common 
target for violence and our encounters with vio-
lence are unfortunately ubiquitous. Regardless of 
your practice setting, workplace violence is an 
increasing concern and one that all should be pre-
pared to meet.

30.2.2  Definition

Workplace violence is considered to be any act of 
aggression, including any physical assault, emo-
tional or verbal abuse directed toward persons at 
work or on duty [5]. These assaults or threats 
include physical, psychological, and verbal vio-
lence such as threats, verbal abuse, and harass-
ment. Given this broader definition, it is clear that 
unfortunately many nurses have personal experi-
ences with workplace violence.

30.2.3  Impact

These violent acts against healthcare workers 
have a profound impact on our profession. 
Hospitals have a direct cost for such acts for the 
treatment of any employees but also indirect cost 
for lost days from work. As a point of compari-
son, healthcare and social assistance have a 
greater than fourfold incidence of violent injuries 
resulting in days away from work as compared to 
other industries [5]. In addition to such financial 
indicators, the less visible but more impactful 
effect on nurses who encounter aggression in the 
workplace is that they often have feelings of 
anger, frustration, and hopelessness as well as 
more concerning issues with hyper-vigilance, 
post-traumatic stress disorder, depression, and 
anxiety all which may precipitate some to leave 
the profession. There are also other indicators 
such as resultant fatigue and stress leading to 
higher rates of medication errors and patient 
infections [5].

30.2.4  Causative Factors

The cause for this epidemic in violence directed 
toward healthcare workers is multifactorial. 
Some precipitating issues could be increased ED 
wait times, the unrestricted movement of the 
public in hospitals, decreased mental health 
funding and the resulting number of beds, 
increased patient acuity, increased use of hospi-
tal by law enforcement for those detained, and a 
general decrease in resources. Also, economic 
reasons such as the reduction in funding for 
mental health and substance abuse leading to 
drug seeking behavior or ED crowding with 
patients under the influence could be another 
factor [9]. Similarly, state reductions in mental 
health funding has put more such patients in 
emergency departments where staff are often 
unprepared to deal with violent outbursts [10]. 
Such closures have caused the number of mental 
health or substance abuse cases seen in EDs to 
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climb from 1.6 million in 2005 to over 2 million 
in 2008 [11]. It is also important to consider 
some of the underlying social determinants of 
health such as unemployment, poverty, and 
homelessness. These all lead to feelings of hope-
lessness compounded by societal changes lead-
ing to decreased family and community support 
fractured families and fragmented services [12].

30.3  Assessment

There are several risk factors which increase the 
likelihood of an act of workplace violence with a 
prior history of assaultive behavior being deemed 
especially predictive. Other causes are age <40, 
clinical conditions with paranoia or poor impulse 
control, and a lifestyle with little or no social con-
tact [13]. The DANGEROUS Behavior Screening 
Guide (Table  30.1) and the STAMP Nursing 
Assessment framework (Table 30.2) are valuable 
tools in highlighting these indicators.

The first warning sign of a possible violent 
encounter is agitation. Agitation is an acute 
behavioral emergency requiring immediate inter-
vention. Agitation is further defined as anxiety 
leading to a private, chronic reaction to unmet 

emotional needs and stress resulting from experi-
encing life as a series of unpleasant events. Some 
of the warning signs for an agitated or anxious 
individual are exaggerated physical demonstra-
tions such as pacing, finger tapping, loud and 
boisterous behavior; yet, it is important to note 
that others may be quiet and withdrawn. 
Eventually, the person may begin to lose rational-
ity and the ability to think clearly. The second 
warning sign of an agitated person is defensive-
ness. The defensive patient exhibits irrational 
behavior such as challenging questions, verbally 
acting out, and attempting to intimidate staff with 
threatening behavior. Nursing staff should begin 
intervening when these signs are demonstrated. 
The final warning sign can be exhibited through 
violent behavior. Unfortunately, there are no 
diagnostic measures to determine violence, yet a 
history of violence is the best predictor of future 
violence, so a prompt recognition of patients with 
history of violence as soon as they present is 
imperative (see Table 30.3) [14].

When a patient becomes aggressive, the staff 
should take the threat of violence seriously. Staff 
should isolate the patient by moving other indi-
viduals out of the area and removing all extrane-
ous furniture and equipment. When approaching 
a violent and agitated person, one should 
approach with caution with a non-intimating and 
non-threatening appearance [14]. In such situa-
tions, it is important to maintain one’s own 
behavior to diffuse anger and know in advance 
the steps to help to assist in diffusing a situation. 
One method for recalling these de-escalation 

Table 30.1 DANGEROUS behavior screening guide for 
higher risk of violent behavior

D—deviant thinking
A—alienation
N—negative home environment
G—gang affiliation
E—exposure to or history of violence
R—rebellion and poor socialization skills
O—obsession with violence
U—underachievement
S—substance abuse

Source: Adapted from [15, 30]

Table 30.2 STAMP nursing assessment framework for 
potential violent behavior

Staring
Tone of voice
Anxiety
Mumbling
Pacing

Source: Adapted from [31, 32]

Table 30.3 Signs of impending violence

• Flushed face
• Hand-waving and finger-pointing
• Direct, prolonged eye contact
•  Encroachment into your personal space (closer than 

3 ft but varies due to cultural norms) rapid, deep 
breathing

• Clenched teeth or hands
• Lack of response to verbal commands
•  Defensive/offensive stance (lowering of center of 

balance, hands moving up and out)
• Searching for an exit or object to use as a weapon
•  Brandishing of a weapon (e.g., firearm, knife, or any 

other item)

Source: Adapted from [28]
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techniques is the LEAPS acronym (listening, 
empathizing, asking, paraphrasing, summariz-
ing) (see Tables 30.4 and 30.5) [15].

30.3.1  Physical Plant Considerations

Physical space can also be a consideration lead-
ing to increased risk for violent encounters. 
Space that is poorly designed with blind spaces 
out of view may put one at an increased risk. 
Other poorly light spaces such as parking lots are 
also concerning [16]. However, it is important to 
remind that many studies showed that in the 
majority of cases patients and relatives were the 
perpetrators of these violent incidences and as 
such the patient’s room is the general site of these 
violent occurrences [2].

It is also important to consider administrative 
decisions in the context of the physical plant. 
Understaffing may lead to increased violent 
occurrences with an increased occurrence during 
times of increased unit activity such as meal 
times or visiting hours. A related risk factor is a 
staff member working alone or in isolation as the 
presence of a coworker was considered a poten-
tial deterrent. Similarly, timing of the day is also 
a consideration in that periods of peak census 

such as shift change inversely can lead to isola-
tion in a room putting one at greater risk [13].

30.3.2  Personal Considerations

As to specific actions, it is critical that healthcare 
workers develop a greater awareness of the risk 
and potential for violence. One’s personal behav-
ior may also put one at a higher risk. Interpersonal 
interactions which are directly confrontational 
only increases the risk of a violent encounter. 
When communication is effective, mutual respect 
is maintained and the ability to openly talk 
ensures more effective interactions. Specific 
techniques that facilitate teamwork and commu-
nication include maintaining situational aware-
ness, providing mutual support, and having a 
shared mental model. Situational awareness 
enables one to be aware of the surroundings and 
not be so focused on tasks that one loses sight of 
the patient and circumstances. Providing mutual 
support ensures that the entire team is providing 
backup and has the resources to complete the task 
at hand. Having a shared mental model assures 
that the entire team is on same page and sharing 
necessary knowledge and facts in order to com-
plete the task [17].

30.4  Interventions

Such statistics are compelling but even more so 
when it is considered that such violence often 
goes under-reported by as much as 70% [8]. 
Furthermore, the ENA study showed that 72% of 
the staff did not feel safe nor prepared to handle 
such a situation [2]. Other surveys have shown 
that up to 74% of employers had no protocol for 
responding to such workplace violence [18]. In 
this same survey, 74% of the participants unfortu-
nately relayed that there was no response by their 
employer after episodes of workplace violence 
and in 44.9% of the cases no action was ever 
taken against the perpetrator of the violent act. 
These points are particularly concerning since 
the ENA study showed that hospitals without 

Table 30.4 Responding to escalation

L = listening to what they are saying,
E = empathizing with their point of view,
A = asking reflective questions,
P = paraphrasing what you heard,
S = summarizing what your expectations of behavior

Source: Adapted from [28]

Table 30.5 Strategies to de-escalate situations

• Let the individual vent
• Be assertive in your verbal communication
•  Use a person’s name frequently when addressing 

him or her
•  Remain composed, use a firm but even-toned voice; 

set and enforce reasonable limits
•  Redirect a person’s anger by using the substitution 

technique (e.g., “I can’t solve this problem, but let 
me check with Mr. Jones”); your subsequent call to 
“Mr. Jones” can actually be a call for assistance

Source: Adapted from [28]
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such policies had an 18.1% physical violence rate 
as compared to only 8.4% for those institutions 
with a zero-tolerance position on workplace vio-
lence [13].

Such unpreparedness leads to significant per-
sonal costs in lost time, productivity, and turn-
over [8]. The ENA study looked at the reasons 
for this lack of reporting and identified five bar-
riers to this reporting. These barriers are a fear of 
retaliation, the fact that there was no physical 
injury sustained, or that it was inconvenient to 
report. More surprisingly was the concern that 
reporting would adversely affect their customer 
service scores, or the acceptance that it was just 
a part of the job [2]. This issue with no action 
and a lack of reporting speaks to the significant 
part of the problem which is the apparent accep-
tance of this behavior from patients and families. 
Changing this paradigm is a major step for 
resolving this issue.

Many regulatory agencies in the United States 
have made positions statements related to work-
place violence. The ANA adopted a Bill of Rights 
[19] where it noted that nurses have a right to 
work in an environment safe for themselves and 
their patients. Both NIOSH (National Institute 
for Occupational Safety and Health) and OSHA 
(Occupational Safety and Health Administration) 
developed national mandates where healthcare 
organizations have a duty to provide safe work 
environments [20]. The Joint Commission also 
has a leadership standard stating that institutions 
must “create and implement a process for manag-
ing disruptive and inappropriate behavior” [21]. 
It is therefore important that institutional leader-
ship and other professional organizations adopt a 
policy where it is no longer acceptable to be 
assaulted while at work.

30.4.1  Organizational Plan

It is critically important that hospital leaders both 
develop the awareness of this problem and also 
adopt a zero-tolerance policy to this problem 
(violence-free culture) [22]. Frontline employee 
involvement on committees and in developing 
polices that create a safe workplace is equally 
critical. This involvement creates greater aware-

ness of the issue and allows for change in the cul-
ture of acceptance around these instances while 
also enabling management to better understand 
the workplace environment and the particular 
threats encountered by their staff. A worksite 
analysis is a critical step in evaluating an institu-
tion’s particular risks as such an analysis leads to 
both hazard prevention and control.

A comprehensive organizational violence 
prevention program (see Table  30.6) has three 
necessary components. First, a reporting and 
documentation system must be in place to cap-
ture and trend data on violent incidents. 
Secondly, policy should note specific strategies 
to institute in the event of an incident. Finally, 
and perhaps most importantly, are post event 
incidence management and the necessary sup-
port for the staff impacted by the violent event. 
Other needed items are an employee identifica-
tion system, improved access control, redesign 
for better security and management [23]. A fam-
ily advocate program can provide specially 
trained staff that can intervene in crisis situa-
tions when hospital staff must focus on the care 
of the patient. Units should have standardized 
team huddles to increase staff’s awareness of 
potentially violent patients [9]. Additional items 
in an organization response plan are the ability 
to flag dangers on electronic health records so 
that others may have proper situational aware-
ness [12].

30.4.2  Training

Adequate training and education are of critical 
importance to improve the recognition and ability 
to safely respond to these situations. This training 

Table 30.6 Summary of recommendations

1. Perform workplace analysis
2.  Create comprehensive organizational violence 

prevention program
3. Adopt “zero tolerance” policy
4.  Report violent events through organizational 

documentation system
5. Develop violence response plan
6. Perform post event reviews
7. Monitor key metrics
8. Provide de-escalation training for staff
9. Develop behavioral response team
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is focused on improving skills in communication 
and de-escalation techniques while also relaying 
important skills for self-protection if an encoun-
ter should turn violent. Such training should 
emphasize that anticipation is the most effective 
strategy as aggression rarely occurs without 
warning signs.

Detection and early intervention are essential 
to achieve desirable outcomes. Staff must be able 
to intervene appropriately when a patient or fam-
ily member’s behavior reflect anxiety or frustra-
tion. If staff members don’t respond properly 
during the initial stages, then an agitated person 
may act on their emotions. A patient who pro-
gresses to acting on his or her emotions is an indi-
cation that staff have not responded during the 
initial stages [14]. During such a situation, the 
practitioner has three objectives: ensure safety of 
all, help the person become aware of their emo-
tions so that they may re-gain control, and facili-
tate collaboration of patients and staff so that they 
may participate in the treatment plan at the direc-
tion of the healthcare team [14]. As mentioned, 
behaviors which point to an increased potential 
for violence are a patient exhibiting tension or 
anxiety through increased physical activity, such 
as pacing being particularly concerning. Skills 
such as active listening, a willingness to apolo-
gize and empathize, and utilizing distraction or 
deflection can be useful to prevent such a situa-
tion from escalating.

Verbal de-escalation requires staff to focus not 
only on what the patient is saying but also on 
nonverbal cues. Responses should be simple and 
direct as agitated individuals are less likely to 
understand complex responses. Staff should also 
respect physical boundaries. To establish verbal 
contact, only one staff member should interact 
with the individual to prevent unwarranted esca-
lation. The staff member should speak calmly 
and concisely using simple words and short sen-
tences, so the patient has time to process what has 
been said. The staff should expect to use repeti-
tion while speaking to an agitated person. A 
fourth area of de-escalation involves listening to 
what is said and identifying the needs as well as 
the wants of the individual. One should expect to 
exercise empathy while setting clear limits. The 

person should be told in clear simple language 
what is acceptable and unacceptable behavior. 
The staff should emulate respectful behavior 
while setting these limits. The final and most 
important consideration is debriefing after any 
involuntary intervention. It is the responsibility 
of the clinician to restore the therapeutic relation-
ship as any coercive intervention is traumatic in 
nature and will aid in decreasing the risk of addi-
tional violence [14].

When working with an agitated patient the 
nursing staff should know that physical tech-
niques are available for self-protection and con-
trol; however, such interventions should be 
considered a last resort. Healthcare workers 
should always focus first to ensure that basic 
needs are being met and that updates on the 
plan of care is provided; however, staff must 
also be able to use enhanced verbal and physi-
cal skills to successful deal with keeping patient 
and staff safe. Such physical techniques are 
best employed by a well-trained team for the 
safety of patient and staff alike and basic self-
defense classes are not adequate or appropriate 
for such a response. Specific recommended 
interventions are that organizations should have 
an identified response team with skills in verbal 
de-escalation and non- coercive medication 
administration [14].

Other key points are to remember include 
wearing appropriate clothing that minimizes 
grabbing and choking hazards. In interactions, 
always maintain the appropriate positioning by 
maintaining a safe distance and use of a support-
ive stance when dealing with agitated person (see 
Fig.  30.1). Any situation in which a patient or 
family member feels helpless or trapped is cause 
for heightened awareness. In these situations, 
allow a safe distance between yourself and the 
individual of 4–6 ft, or at least farther than two 
steps or arm distance between yourself and the 
other person. The supportive stance places one at 
an angle from the patient and avoids face-to-face 
contact. Staff should keep their hands where the 
patient can see them at all times [14, 24]. Perhaps 
the best individual protective strategy to simply 
instruct the person to stop being violent is effec-
tive [25].
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30.4.3  Plant Improvements

In addition to awareness and de-escalation, the 
physical plant can be improved to lessen or miti-
gate incidents of violence. Recommended actions 
would be access control to clinical areas, in par-
ticular high-risk units such as the ED, intensive 
care units, psychiatry, obstetrics, etc. Metal 
screening at high-risk entry points such as the ED 
can also be a useful deterrent. Given the influx of 
behavioral patients in areas not historically 
designed for such patients such as the ED, the 
inclusion of behavioral health rooms into the 
design can enable staff to be more effective and 
safer. Inpatient units can be rearranged so that the 
environment can minimize risk of injury by bet-
ter lighting and visibility. The IAHSS Security 
Design Guidelines (available at https://www.
iahss.org/page/guidelines) are a useful guide for 
hospital design considerations [24].

30.5  Active Shooter Incidents

Increasingly, there are episodes of active shooter 
situations noted in the media. These multiple 
casualty events often capture the attention of the 
nation. As a large public venue, events impacting 
a hospital or other healthcare site have the poten-
tial for being an increasingly considered target. 
An active shooter incident is a situation in which 
“an individual [is] actively engaged in killing or 
attempting to kill people in a confined and popu-
lated area” [26, 27]. In the United States the 
Federal Bureau of Investigation (FBI) has identi-
fied 160 discrete incidents between 2000 and 
2013 with 486 people killed and an additional 
557 wounded. In the first half of that period, there 
were an average of 6.4 active-shooter incidents 
per year in the United States (US), but in the lat-
ter half of that period the number more than dou-
bled to 16.4. Recently released FBI data reveal 

Fig. 30.1 Supportive stance
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that the rate increased again in 2014 and 2015 to 
20 incidents per year. Another study examined all 
US hospital shootings between 2000 and 2011 in 
which there was at least one injured victim and 
noted 154 incidents in 40 states causing death or 
injury to 235 people [26]. More specific to health-
care, the U.S. Bureau of Labor Statistics showed 
that the healthcare industry had a total of 19 
homicides in 2015 with 16 due to gun violence 
representing a 46% increase from 2014 [27] 
(Table 30.7).

Although such events occurring in hospitals 
are still rare compared with other shooting sites, 
occurrences have increased in healthcare facili-
ties with the emergency department being 
reported as the most common site for shootings 
followed by parking lot and patient rooms. These 
shootings were more common in larger (>400 
beds) hospitals [27]. It should be noted that 
healthcare institutions present unique challenges 
for an active shooter event. Some challenges 
relate to the potential with large populations of 
vulnerable patients, 24-h-per-day operations, and 
reduced staff during off hours. These situations 
are also complicated by patients or staff who are 
unable to evacuate because of age, illness, or an 
ongoing medical procedure, and staff who may 
believe that they cannot leave patients or that they 
should respond to the injured [28]. Because most 
shootings have concluded before the police 
arrive, it is imperative that hospital staff be pre-
pared to respond. One of the first keys for lessen-
ing such occurrences or mitigating the damage 
and lives lost is through hardening of the campus. 

The same activities mentioned throughout this 
chapter to address physical violence can be used 
to prevent access or movement of a perpetrator. 
Examples are identification (ID) badges, closed 
card reader access to units, and metal screening 
at high-risk locations such as ED. Similarly, dis-
cussing and securing a patient’s belongings, 
which might include a handgun, lessen the risk of 
inadvertent discharge of a firearm. One of the 
facility challenges is that most hospitals are 
designed vertically with heavy reliance on eleva-
tors for transportation. Such design leaves small, 
narrow stairwells as alternative escape routes, 
which can become crowded choke points [26]. 
Also, unlike schools or office buildings, the treat-
ment areas of hospitals have open designs with 
large common areas containing very little furni-
ture, intersecting walls, or equipment to hide 
behind. For these reasons, safe rooms should be 
identified which include a door that can be locked 
or barricaded. These rooms should ideally not 
include any windows. If a window is present, 
staff should either cover this window or hide out 
of view of such windows. Staff should remain 
sheltered in place until area is safely secured and 
they are directed by police to exit. Under facility 
emergency plans should be a notification system 
that will allow personnel at the point of initial 
contact to trigger an alert that is immediately dis-
seminated to the entire facility. The alert should 
be a simple, clear message that uses redundant 
pathways such as overhead speaker, paging, and 
texting systems [26].

Training is another important aspect as staff 
should know how to respond in the event of an 
active shooter situation. Staff should be taught 
to shelter in place unless evacuation can be eas-
ily and safely accomplished for both staff and 
patients. In such situations, they need to know 
how to secure their work area to protect patients 
and staff. A three-tier training program is rec-
ommended for hospitals and similar healthcare 
facilities. The first tier is general awareness 
training that presents the fact of the challenges 
presented by healthcare facilities. Staff should 
be trained to take note of the two nearest exits in 
any facility you visit or work in. The second tier 
is training regarding strategies for handling ver-

Table 30.7 Best practices in an active shooter event

•  If you are in an office, stay in place and secure the 
door by barricading with furniture or office 
equipment.

•  If you are in a hallway, get into a room and secure 
the door. Silence cell phones or any other devices 
that might reveal your location. Close all blinds and 
curtains, turn off the lights, and move away from the 
door. Remain quiet.

•  Remember, there is a difference between cover and 
concealment. Cover, such as a heavy desk, provides 
some protection from bullets such as a heavy desk, 
while concealment simply hides you from the 
shooter’s direct line of sight.

Source: Adapted from [28]
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bal aggression and intimidation. Tier three train-
ing is for staff in high-risk areas such as 
emergency departments and behavioral health 
units and  encompasses more detailed skill and 
case-based training [27]. The above training 
should explain that healthcare workers should 
not attempt to disarm a subject if a weapon is 
seen or suspected [28].

The “run, hide, fight” directive [26] should be 
followed by any healthcare professionals, hospital 
workers, patients, and visitors who are able to 
comply with it; however, hiding can be problem-
atic in the hospital setting as staff are responsible 
to care for patients who cannot run, hide, or fight 
owing to their medical condition. For this reason, a 
different set of responses should be considered—
“secure, preserve, fight” [26]. This strategy 
includes the following actions—secure the loca-
tion immediately, preserve the life of the patient 
and oneself, and fight only if necessary. The 
“secure” step would entail immediately securing 
patient care areas where essential life- sustaining 
treatment is being provided; deploying electronic 
or mechanical devices designed to barricade 
entrances into those areas so as to secure all 
access points from the inside; dimming or turn-
ing off all nonessential lights; and silencing tele-
phones and pagers. In the “preserve” step, 
healthcare personnel should stay away from win-
dows and doors and move patients into a shel-
tered area if possible, and provide only the 
essential medical care required to preserve life 
[26]. A wide range of inexpensive and easy-to- 
use products are available for installation on all 
types of doors. Similar to “run, hide, fight” strat-
egy, fighting is a last resort effort in the “secure, 
preserve, fight” strategy and is reserved in the set-
ting of contact with the perpetrator. This fighting 
is focused on incapacitating the individual and 
creating time and distance for escape. This 
defense uses any available items to use as a 
weapon and should be focused on particular vul-
nerable and disabling areas such as the eyes, 
throat, or groin.

Post-event mitigation can be improved by Stop 
the Bleed kits (see https://cms.bleedingcontrol.
org/class/search). These kits should be considered 

similar to automatic external defibrillators and as 
such be available in all public areas. These kits 
contain essential supplies for hemorrhage control 
(a major cause of loss of life in such incidents) 
and contain gauze, gloves, and most importantly a 
medical grade tourniquet [26]. Facilities will also 
need a recovery plan including the notification 
system notifying families of patient status; a plan 
for rapid recovery and discharge of patients 
undergoing outpatient procedures; and a plan for 
media notification. A critical and often overlooked 
is attending to the psychological first aid needs of 
the patients, family, visitors, and healthcare work-
ers who were present [26].

30.6  Legislative Action

For too long, the legal profession has not aggres-
sively pursued cases of assault on healthcare 
workers. To address this problem, many US 
nursing, physician, and hospital groups have 
worked to introduce legislation making such 
violent acts a felony. Although this strategy does 
not address the root causes, it does provide a 
deterrent and sends the message that healthcare’s 
difficult task should not be compounded by 
being concerned about staff safety. As of 2019, 
only 7 states have laws directing workplace pro-
grams, but 34 states have felony laws for assaults 
on healthcare workers [1, 29].

30.7  Conclusion

It is important that as professional nurses we 
work to better prepare ourselves to be alert prac-
titioners. It is more important that we advocate 
within our hospitals and professional groups to 
have policies and procedures to better equip staff 
to handle these issues. Personal strategies such as 
always carrying a telephone or other communica-
tion device is critical. Perhaps most important 
that society works to address the poverty, home-
lessness, hopelessness, educational, and employ-
ment opportunities that has led to escalating 
levels of violence in our hospitals [12].
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31.1  Introduction

Nursing and radiology hold a very symbiotic 
relationship. For this reason, individuals who are 
learning about the many different facets of nurs-
ing should have some insight into how radiology 
is being driven by the changes from Information 
Technology. In this chapter a look at Artificial 
Intelligence (AI), Computerized Physician Order 
Entry (CPOE), Electronic Health Records (EHR), 
and Enterprise Imaging will be covered.

31.2  Demand for Radiology 
Nurses

Nurses should be present in all modalities to 
increase patient safety and to respond to 
emergencies.

While the majority of radiology nurses will 
work in hospital settings, new free-standing diag-
nostic and interventional outpatient centers are 
growing in numbers. Radiology nurses volunteer 

in underserved areas of the globe via RAD-AID 
International (https://rad-aid.org) bringing radi-
ology nursing education to developing countries.

The need for radiology nurses will only grow 
due to patient acuity and types of procedures 
(including those involving sedation and analge-
sia), many of which are performed on an outpa-
tient basis. Nurses should be supervised and 
evaluated for annual performance reports by 
nurses who understand the role of the nurse and 
scope of practice for their locality. The nurse 
needs to have a good understanding of his/her 
scope of practice, especially when functioning 
autonomously in radiology.

Nurses need to be included in all aspects of 
education within radiology. They are essential 
members of the radiology team and are leaders in 
quality and safety. Radiologist and management 
support for nursing in radiology is key. 
Recruitment and retention of radiology nurses is 
important as the learning curve for this specialty 
is steep and radiology nursing education is not 
currently part of school curriculums but learned 
on the job during orientation period under the 
guidance of a preceptor, when available. Quick 
turnover is not only expensive for the department 
but also not detrimental to team cohesion, nurs-
ing morale, and patient safety. Radiology nursing 
education and networking is available through 
the Association for Radiologic and Imaging 
Nursing (www.arinursing.org).
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31.2.1  The Expanding Role 
of the Radiology Nurse

Nurses are the key people who can assure patient 
safety. Within radiology there are numerous risks 
and hazards for the patient. Falling off the exam 
table, receiving the wrong exam, imaging the 
right side when it should be the left side or a drug 
reaction to contrast media injections are all 
examples of patient risks and hazards. These are 
just some examples where nurses are needed to 
assist physicians and X-ray technologists in the 
safe delivery of patient care.

On-call responsibilities of nurses working in 
procedure areas allow for round the clock emer-
gency procedures. Radiology nurses should also 
be involved in leadership through hospital-wide 
committees, e.g., pharmacy committee, institu-
tional review board, and ethics committee. 
Nurses can also play a key role in renovation 
committees for radiology and on committees 
working on the EHR or forms/order sets.

31.3  Cybersecurity

Cybersecurity issues are increasing in all aspects 
of business and healthcare. Ransomeware inci-
dents are on the rise and patient’s healthcare data 
and care are at greater risk. Chapter 26 will dis-
cuss this growing threat.

31.4  Artificial Intelligence: What 
Is It, and Why It Is Relevant 
to Radiology

31.4.1  What Is It?

Artificial intelligence (AI) is the newest disrup-
tive technology which will be written into history 
as an event equal to the introduction of personal 
computers (PCs) and propagation of the internet. 
Simply, AI is the ability to perform machine 
learned analytics on data sets in new or unique 
ways to seek answers to specific questions which 
have previously been held as a mystery contained 
in the large volumes of data. AI can be an appli-

cation for analyzing stock market trends in order 
to predict future stock trends to recognizing lung 
cancer patterns in CT exams containing 20,000 
images. AI is a technology platform which can be 
applied to just about any need in the world where 
there is an ability to collect data and perform ana-
lytics to find data patterns, outliers, or common 
denominators. Radiology is just one discipline 
where AI applications can be developed to 
improve productivity, accuracy, and patient 
outcomes.

As each calendar day passes, a new volume of 
AI knowledge is written. This explosion of knowl-
edge is proof of the interest and hype on the 
potential AI has. Due to limits in this chapter and 
volume of AI knowledge this chapter will focus on 
the challenges AI will face in radiology in the 
near term.

AI is a platform permitting an application to 
be developed such as lung cancer detection via 
computed tomography (CT) chest exams. The 
application requires the validation of data using a 
huge data set to confirm what lung cancers looks 
like in CT exams. Simply, the computer needs to 
learn all the possible patterns, shapes, densities, 
and forms of lung cancer can show up as. It takes 
this information and creates an algorithm it can 
use to find CT exam lung cancer. The validation 
of all the variables of what lung cancer can look 
like is the machine learning. Each of these pat-
terns need to be validated thousands of times by 
individuals who can recognize lung cancer in CT 
images before it can be considered to be vali-
dated. The validation process is analogous to 
teaching your computer to recognize family and 
friend’s faces. The computer selects a number of 
photos of people and asks you—“Is this Aunt 
Jane?”; you reply to 10 or 15 requests from the 
computer, “This is Aunt Jane.” This is the valida-
tion process. Once completed, the computer then 
goes through your photos and says—here, are all 
of Aunt Janes photos I can find. On your local 
computer, from time to time your computer will 
slip in your neighbor “Mary” as an “Aunt Jane.” 
We know when sorting photos, making a mistake 
for “Mary” vs. “Aunt Jane” is not a life-or-death 
issue; however, when detecting a lung carcinoma, 
this is unacceptable. This is why verification 
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 process needs to execute 10,000 or more times to 
be valid.

Here is the challenge for AI in radiology. This 
process of validation needs to be repeated for 
every disease or pathology that can be diagnosed 
using radiology exams. Who is capable to do this 
validation? Radiologists need to execute the vali-
dation process which is time consuming and with 
the number of diseases and various forms they 
can take in radiology, this means it will take 
many years to have wide-enough applications 
(AKA Use Case) of algorithms (AKA applica-
tions) for it to be useful across the radiology 
spectrum. The long-term benefit is once fully 
validated, radiology-based AI Applications will 
be available 24/7 worldwide to aid in highly 
accurate diagnosis made by the imperfect observ-
ers we currently call radiologists.

31.4.2  AI: Hype or Reality

Gartner, the world’s leading research and advi-
sory company (https://www.gartner.com), has 
developed a report called the Hype Cycle for 
Emerging Technologies, which has published 
every year since 2007. According to Gartner, the 
“Gartner Hype Cycles provide a graphic repre-
sentation of the maturity and adoption of tech-
nologies and applications, and how they are 
potentially relevant to solving real business prob-
lems and exploiting new opportunities” [1].

At the peak of the Hype Cycle for Emerging 
Technologies, 2018 [2], Deep Neural Nets (Deep 
Learning) are located in the Peak of Inflated 
Expectations (see Fig. 31.1 below), and are start-
ing the downward descent into the Trough of 
Disillusionment, which phase is defined as 

expectations

innovation
Trigger

Peak of
Inflated

Expectations

time
Plateau will be reached in:

less than 2 years 2 to 5 years 5 to 10 years more than 10 years
Obsolete
before plateau

Trough of
Disillusionment

Slope of Enlightenment
Plateau of

Productivity

Fig. 31.1 Gartner Hype Cycle, Gartner Inc., 2017. Reprinted with permission of Gartner

31 Current Trends in Radiology

https://www.gartner.com/


332

“Interest wanes as experiments and implementa-
tions fail to deliver. Producers of the technology 
shake out or fail. Investments continue only if the 
surviving providers improve their products to the 
satisfaction of early adopters” [1]. In diagnostic 
imaging, the chapter authors believe this is seen 
as the process required to validate useful use 
cases (applications) where AI can be used with 
enough efficacy for the diagnosis of patient’s 
pathology. Accordingly, disillusionment comes 
from the amount of work required to develop 
these use case applications for each and every 
disease and how long it is going to take to develop 
a large enough library of applications to be devel-
oped for widespread use.

For the past few years there has been much 
hype in healthcare identifying how AI will revo-
lutionize the delivery and costs within healthcare. 
The chapter authors believe radiology clearly has 
inflated expectations of how AI is going to revo-
lutionize radiology with some going as far as say-
ing the radiologist will be a profession of the past 
in 5–10 years.

Through our research we found that another 
significant challenge for AI is the timeline for 
technology adoption. Numerous companies and 
applications are coming to market in the 2018–
2022 era. With the realization now, the validation 
of each disease needs to be completed before AI 
can take on the variety of diagnostics currently 
done every day, and so comes the downhill of the 
Trough of Disillusionment on how long it is 
going to take to have all applications ready for 
daily diagnostic imaging use. In other words, 
having a few AI applications to find lung cancer 
or brain hematomas does not facilitate a radiolo-
gist with primary diagnosis. It will likely take 
over a decade for enough AI applications to be 
developed before AI can take on a workload of 
exams where the radiologists can oversee the 
exam reports produced.

This Trough of Disillusionment is followed by 
the Slope of Enlightenment. As vendors and 
healthcare providers will learn during the Trough 
of Disillusionment phase, the authors believe the 
lessons needed to maximize benefits of AI will 
come when an orchestrated workflow is imple-
mented. In passing through these phases, health-

care IT needs to ensure their IT enterprise-wide 
environments are ready to deploy AI. Once com-
pleted, the authors feel the Plateau of Productivity 
will then be achievable permitting the realization 
of the return on investment (ROI) required for 
healthcare.

Currently there are many companies and aca-
demic centers entering into AI application devel-
opment and validation. With this influx of 
enthusiasm and capital, it is not known who will 
be successful and who will fail. Additionally, 
market consolidation has not occurred (where 
large companies acquire one or more winning 
smaller firms to broaden their market offering 
and to speed their go-to-market and sales efforts). 
The quality of applications will start to present 
itself and certain applications will rise to be 
industry leaders to set standards of care in 
AI. Due to the industry evolution as described by 
Gartner above, the authors believe it could be 
considered premature at this time to spend money 
on AI purchases while looking for a clear predict-
able ROI in AI.

31.4.3  Race Cars Need Fuel 
and Roads—Fuel

Healthcare enterprises would be better hedging 
their bets on AI at this time and should be doing 
other work in preparation for AI deployment. 
Credit needs to be directed to Paul Chang, MD, 
FSIIM Professor of Radiology, Enterprise 
Imaging at the University of Chicago Pritzker 
School of Medicine. In February 2019, Dr. Chang 
presented a webinar to the Society for Imaging 
Informatics in Medicine (www.SIIM.org). The 
following analogies, theories, and ideas for this 
presentation have come from his presentation [3].

The analogy focuses on two areas. Let’s con-
sider AI as a race car, but without “Drilling for 
Fuel” and “Building Roads” there is no point in 
having a race car.

The race car is AI’s Machine Learning 
Algorithm (AKA the Use Case or Application)—
once validated for an application such as CT lung 
cancer there may be no better nor faster method 
for diagnosis of lung cancer. However, what does 
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a race car run on—fuel; in this case the fuel is 
data. Once fueled-up the race car needs to run on 
roads; in this case the roads are workflow integra-
tion. Currently in today’s world the current work-
flow integrations are not a part of a capable IT 
infrastructure.

In reality, can anyone in healthcare IT say: 
(1) The desired data required for AI is accessi-
ble and, in the scale, required in real time; (2) 
Can the data be trusted to be accurate and in the 
right format(s); and (3) Can the data be reliably 
correlated with reliable outcome measures at 
scale?

Most of the integration of workflow between 
patient EHR, PACS, RIS, and pathology is done 
by humans with the exception of the IHE 
(Integrating the Healthcare Enterprise) [3] 
Integration Profiles (IPs) which facilitate interop-
erability. Real workflow integration requires much 
more integration than what is currently available to 
facilitate the productivity of key clinical people. 
The ability to access the different relevant clinical 
data stored in any one of the different applications 
or access this from a centralized data repository in 
an organized and rapid fashion is what is required.

31.4.4  Service-Oriented Architecture

The movement to a service-oriented architecture 
(SOA) is key to ensure data is prepared for access 
in rapid real-time format for event processing such 
as required in AI. Migration to SOA requires data 
to be extracted from the format it is native to, such 
as DICOM, HL-7, or FHIR, and to be transferred 
and loaded into a web service such as XML, for 
use by other rapid applications like AI (Fig. 31.2).

The SOA business layer function takes relevant 
data from other file platforms and formats regardless 
of source and extracts, transfers, loads (ELT) into 
xml to store the data—this then goes into an enter-
prise service bus which hands this off to continuous 
event processing. This process is a Middle “Business 
Logic” Layer where data can be found in agents, 
ORBs, or web services and accessed much more 
rapidly than other methods. Moving to a SOA can be 
considered as preparing the IT environment to be an 
advanced IT environment as required for AI.

The image below illustrates the current level of 
integration and interoperability achieved by many 
vendors today using IHE integration profiles. This 
is integrated workflow where the movement of 

SOA takes relevant data from any source (such as HIS, RIS, PACS & Pathology) to place data in
platforms like ORB’s or Web Services to facilitate a faster data availability for use in AI.

HIS RIS

Middle Wear (Business Layer)
Object Requested Broker (ORB), Web Services and more

PACS PATHOLOGY

Fig. 31.2 Enterprise integration model for service-oriented architecture
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data triggers and confirms specific data transfer 
which can enable workflow (Fig. 31.3).

Advanced IT requires IT middleware solu-
tions to collect relevant data from different data 
sources to assemble relevant information such as 
the patient has endured a recent Crohn’s flare-up. 
When orders are placed through computerized 
physician order entry (CPOE) software that do 
not share relevant patient information like recent 
Crohn’s flare-up to assist the radiologist in mak-
ing a better diagnosis this leaves the radiologist 
handicapped when making the best possible 
diagnosis. Employing a SOA will collect this rel-
evant information and share it at an appropriate 
time in the diagnosis process to facilitate the radi-
ologist to be more productive and accurate with 
the diagnosis. Sharing relevant information like 
this is workflow orchestration—information pre-
sented at a time to enhance where and when it is 
most useful in the diagnosis and treatment of the 
patient. This is the fuel which is required for the 
race car (AI) to deliver advanced productivities.

31.4.5  Race Cars Need Fuel 
and Roads—Roads

An IT Big data and deep learning hedge strategy 
needs to be deployed. This hedging strategy is 

designed to ensure optimal workflow integration 
is completed as preparation for workflow orches-
tration. This level of advanced IT preparation is 
required for applications optimization of AI and 
the productivity of those who use AI.  The IT 
infrastructure needs to be able to feed near future 
advanced decision-making support agents, such 
as AI and analytics which are often cloud-based 
applications. Currently, deep learning 
 applications are driven by data availability—not 
by a use case. There are use cases which are 
“nice to have’s” and “not must have” at this stage 
of AI deployment. The Catch 22 in this evolution 
is a lack of clinically relevant and vetted datasets 
for training for the computers. As stated before, 
there are not enough relevant validated use case 
algorithms (where use case is defined as a diag-
nostic application for diagnosis of lung cancer) 
to assist in the training of computers across a 
wide array use cases at this time. The current 
focus of AI is image centric when it really needs 
to evolve to collection of data from many sources 
as identified so all relevant information is con-
sidered when formulating a diagnosis. The cur-
rent state is validation via images to identify the 
pathology. AI needs to have SOA to have rele-
vant data shared with the radiologist, so they can 
become more productive and accurate by going 
through the diagnostic interpretation process. 

RIS Modality

Dictation
Reporting

PACS
DICOMDICOM

HL7

HL7HL7
IHE Modality Worklist

IHE Modality Performed Procedure
DICOM Storage Commit

Performed Procedure
Dictated Status Update

When integrating, the use of IHE Integration Profiles, DICOM and HL-7 Provide a level of
integration resulting in workflows. These standards and protocols do not go far enough to
achieve workflow orchestration which provides users with the information they require to
make a lot of decisions required during the diagnosis of the patient.

Scheduled Pre-fetch
Report Pre-fetch

Demographic / ADT Update
Performed Procedure

Study Validation
Storage Commit

Dictated Status Worklist Update

Fig. 31.3 IHE, DICOM, and HL7 integrated workflow
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Clinicians need to be told the patient had a recent 
flare-up of Crohn’s disease and has cancer based 
on information collected from other sources 
such as lab work, other test and clinical encoun-
ter reports, pathology, biopsies, etc. in order for 
the system to be considered “poly-capable.” 
Without most recent clinical information, the 
radiologist who gets a requisition stating unex-
plained pain in chest and abdomen is left to diag-
nose cancer and Crohn’s disease each time a new 
exam is presented for this patient. Currently, 
vendors can be considered to be missing the use 
case sweet spot with how they are developing 
and deploying AI. Solutions are attempting to go 
from hard wired, rules based algorithmic solu-
tions and jump directly to deep knowledge and 
primary diagnosis.

What is needed is a non-threatening process 
for the radiologist that takes away menial tasks 
such as hanging protocols and pathology mea-
surements and augments the process with useful 
and pertinent information such as “patient has 
had a recent Crohn’s flare-up.”

Workflow integration needs to move toward a 
level of machine intelligence which is real time 
and knows where the clinician is in any process 
to provide relevant clinical information to enable 
a more productive clinician who delivers better 
quality diagnosis as a result of the workflow 
orchestration.

Workflow orchestration is achieved when clin-
ical context information is searched out by the 
machine intelligence. The content is presented in 
an intelligent format and at a time and location 
when needed to support the work of the 
diagnostician.

31.4.6  Conclusion: Is AI Ready 
for “Prime Time”?

AI conclusion: Now is too early to be “picking a 
winner” as there is not enough information avail-
able on the reality of AI and its application within 
radiology. Therefore, selecting a “hedge strat-
egy” is much more reasonable. The hedge strat-
egy needs to prepare IT infrastructure for 
advanced IT applications (to be the FUEL) for 

AI. Diagnostic imaging IT needs to set goals for 
“Deep Integration” with workflow by having 
data-driven optimized workflow orchestration 
(the Roads).

31.5  Electronic Health 
Record—EHR

Electronic Health Records (EHR), frequently 
referred to as electronic medical records (EMR) 
originated as a means to automate much of the 
clinical records documentation previously done 
by hand. The primary benefit of EHR systems is 
to reduce errors and make more patient informa-
tion available to the clinician to better manage the 
patient in the achievement of the desired patient 
outcome.

31.5.1  Background of an EHR

In the United States EHR implementation was 
greatly impacted by changes in healthcare policy, 
namely the American Recovery and Reinvestment 
Act (ARRA) passed in 2009 [4]. Part of the 
ARRA includes the Health Information for 
Technology and Clinical Health (HITECH) that 
specifically addressed an incentive program for 
use of an EHR. This was to be implemented in 
several phases, known as stages, with increasing 
incentive payments to eligible physicians (EP) or 
eligible hospitals (EH) for meeting certain elec-
tronic reporting criteria objectives (Clinical 
Quality Measurement, or CQM).

To qualify for payments, EHR systems needed 
to be certified for each stage, as each stage con-
tained a progressive number of CQMs. Over the 
course of implementation of the first two stages, 
experience demonstrated that inventive payments 
were helpful in fostering use, but that physicians 
were spending more time entering information 
into the EHR and less time with patients! 
Consequently, changes are being made to shift 
emphasis of the regulations from compliance 
measurement to an emphasis on interoperability 
of EHRs with other systems to help improve the 
health of patient populations.
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31.5.2  EHR Interoperability 
with Imaging

The spreading use of EHRs has implications for 
imaging, which affect the operational workflow 
and the importance of interoperability of EHRs 
with imaging systems.

31.5.2.1  Study Identification
Picture archive and communications systems 
(PACS) originally relied on themselves for iden-
tification of the study, which meant there could 
be discrepancies with other systems in terms of 
patient identification. Subsequent iterations 
relied on interoperability with a radiology infor-
mation system (RIS) for patient identification for 
consistency and interoperability.

EHRs are gradually taking over many of the 
patient management functions of a RIS, and con-
sequently require interoperability with PACS for 
patient identification. A key component in terms 
of PACS’ ability to manage patient identification 
of studies performed by modalities such as com-
puted tomography (CT) and ultrasound (US) was 
the definition encompassed in the Digital Imaging 
Communications in Medicine (DICOM) 
Standard, known as modality worklist. By use of 
this standard, PACS is able to pass the patient 
demographic and study information to the imag-
ing device, avoiding duplication at the imaging 
device and subsequent errors.

The growing use of portable devices such as 
portable ultrasound in other clinical areas, as well 
as within radiology, presents a conundrum in 
terms of accurately identifying the patient and 
study information for inclusion in the PACS, as 
such devices typically do not support the DICOM 
modality worklist, or they do not encompass a 
means for patient/study identification. In these 
instances, vendors are developing ways of cap-
turing this information from the EHR and associ-
ating it with the portable study so that it can be 
correctly identified within a PACS.

31.5.2.2  Imaging Integration
One of the objectives of an EHR is the consolida-
tion of patient health information such as lab test 
results, patient history and notes, and radiology 
results. Because PACS were in place prior to the 

implementation of EHRs, imaging was not consid-
ered a part of an EHR, and imaging associated with 
radiology results were not included in an EHR.

EHR and PACS vendors have worked to 
address this deficiency by means of application 
program interfaces (API) between an EHR and 
PACS.  These APIs enable an EHR to embed a 
“placeholder” that links to a specific patient study 
in the PACS. These are oftentimes referred to as 
“hyperlinks” that enable the ability to launch an 
image viewer application by selecting the link in 
the EHR.  This capability has been important to 
insuring that EHRs can directly present relevant 
imaging information in association with the EHR.

31.5.2.3  Workflow Considerations
Accessing imaging studies within PACS has clas-
sically been accomplished by selecting the cor-
rect patient study from a “worklist” of presented 
studies. The next iteration of PACS utilized the 
information from a RIS worklist to first select the 
study, including additional information such as 
the reason for the study and prior study reports 
that resided in the RIS.

As EHRs replace RIS, PACS workflow has 
been modified to rely on the EHR for the 
“worklist” to select a specific patient study and 
then launch the images from the PACS. As with 
the RIS, the EHR can present the radiologist with 
additional patient information, including study 
results from other clinical services such as cardi-
ology, patient history, and lab results. Experience 
is finding this additional information can 
 potentially impact the radiologist’s perception of 
what they see in the images. As suggested previ-
ously, the radiologist may initially expect liver 
discrepancies to be cysts, whereas with the addi-
tional patient history and lab results, it might 
alter the diagnosis to be cancer.

31.6  Computerized Provider 
Order Entry—CPOE, 
and Clinical Decision 
Support—CDS

According to the Agency for Healthcare Quality 
and Research (AHRQ) [4] “Computerized pro-
vider order entry (CPOE) is an application that 
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allows healthcare providers to use a computer to 
directly enter medical orders electronically in 
inpatient and ambulatory settings, replacing the 
more traditional order methods of paper, verbal, 
telephone, and fax.” With the advent of the 
American Recovery and Reinvestment Act of 
2009 (ARRA) and the push to increase the use of 
EHRs, CPOE is a natural extension of automa-
tion and improving healthcare delivery.

31.6.1  Why CPOE?

According to the Office of the National 
Coordinator for Health Information Technology 
(ONC), Clinical Decision Support (CDS) “is a 
sophisticated health IT component. It requires 
computable biomedical knowledge, person- 
specific data, and a reasoning or inferencing 
mechanism that combines knowledge and data to 
generate and present helpful information to clini-
cians as care is being delivered” [5]. In conjunc-
tion with CPOE, CDS can provide a more 
structured and consistent means for radiology 
study orders.

31.6.2  How Do CPOE and CDS Relate 
to Radiology?

Signed into law on April 1, 2014, the Protecting 
Access to Medicare Act of 2014 (PAMA) 
includes the most extensive reform of the 
Medicare Clinical Laboratory Fee Schedule 
(CLFS) since it was established in 1984. It 
requires clinical decision support systems to con-
firm appropriate use criteria (AUCs) on ambula-
tory (outpatient), non-emergent advanced 
imaging studies such as MRI, CT, and PET scans. 
Following several delays, enactment is now set 
for January 1, 2020.

One of the more active initiatives to apply 
CDS in radiology has been the American College 
of Radiology (ACR) ACR Select®, a digital rep-
resentation of the ACR Appropriateness Criteria® 
for diagnostic imaging. The ACR licensed ACR 
Select® to the National Decision Support 
Company (NDSC), now part of Change 

Healthcare [6]. The NDSC licenses the ACR 
Select® criteria to EHR companies for incorpora-
tion in their CPOE and CDS products.

The major impact of CPOE and CDS will be 
to substantially automate the ordering process of 
radiological studies, and to provide greater stan-
dardization and less ambiguity in radiology 
orders. This should free up radiology staff from 
the time spent verifying and correcting orders 
which can be as high as 35% of all exam orders.

31.6.3  CPOE and CDS Benefits

The use of CPOE and CDS will result in multiple 
benefits to care delivery organizations. First and 
foremost is the potential cost savings by reducing 
episodic costs, lowering the total cost of care, and 
lowering the cost to the patient.

In a definitive study of the effects of CDS, the 
Institute for Clinical Systems Improvement 
(ICSI) conducted a study of high technology 
diagnostic imaging (HTDI) exams involving 
4500 providers ordering the top 90% of HTDI 
studies using appropriateness criteria [7]. The 
results demonstrated a savings of approximately 
$150 million attributed to the use of decision sup-
port criteria.

Another benefit is in the reduction in low util-
ity ordering, or in other words the ordering of 
exams that have little utility in the overall diagno-
sis. Conversely, CPOE and CDS can result in an 
improvement in diagnostic efficiency by select-
ing the appropriate exam for the criteria 
presented.

31.6.4  Challenges

CPOE and CDS are not without their challenges. 
CPOE relies on physician acceptance and utiliza-
tion. There may be physician resistance to CPOE 
utilization, as it represents another electronic task 
to be performed by the physician. In many 
instances, a physician may rely on his staff to 
actually place the order, in which case appropri-
ate use criteria may not be addressed by the 
physician.
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Appropriate use criteria may be based either 
on similar demographics and symptoms or on 
iterative questions. The iterative approach can be 
more intrusive to the physician, but they can also 
be more precise in terms of appropriateness. The 
more CPOE and CDS can be integrated into the 
physician’s normal workflow, the more likely 
they are to use it.

Another challenge is insuring that the radiolo-
gists become the “gatekeeper” for appropriate-
ness criteria. CDS is not static and it must keep 
up with changing imaging procedures. Since 
radiologists are most informed on what consti-
tutes an appropriate exam, they need to take a 
leadership position in continuing efforts to refine 
appropriateness criteria.

31.7  Enterprise Imaging: Digital 
Imaging Across a Large 
Enterprise and Geography

Radiology has been the classical service line for 
imaging, but that doesn’t mean other service lines 
don’t utilize imaging. Somewhat related to radi-
ology is cardiology imaging, which probably rep-
resents the second-most imaging-intensive 
service. There are a number of other areas, which 
utilize imaging that are not classically addressed 
within image management applications.

Areas such as ophthalmology, dermatology, 
urology, and pathology to mention a few of the 
“ologies” all create images of some sort. 
Historically, individual service lines have man-
aged their own images in some form or another. 
For example, dermatology may produce images 
with digital cameras or smart phones. These 
images may be off-loaded to some storage media 
such as a hard disk drive, or they may be retained 
on the capture device for some indeterminant 
period.

A key factor in terms of considering these 
other areas is the audience for the images. 
Typically, it may be strictly for the physicians 
treating the patient, or for referral physicians. 
There have been no standards associated with 
how these images are managed or 
communicated.

With the advent of EHRs, a key intent is to 
provide a single source of access to all patient 
information. The EHR can track imaging content 
and launch an appropriate viewer to an image. 
This would be referred to as an image-enabled 
EHR. The EHR itself doesn’t have to manage the 
images. It only has to provide a linkage, better 
known as an application program interface (API) 
to the PACS.

31.7.1  Enterprise Imaging

Why it matters without a common image applica-
tion, the EHR would need to manage multiple 
application interfaces, and the physician would 
need to know how to manage multiple viewing 
applications. Such a scenario would have nega-
tive implications for the acceptance of such a 
solution. An approach that consolidates all image 
content into a single system application would be 
more widely accepted and represents the best 
scenario for image—enabling the EHR on an 
enterprise-wide basis.

31.7.2  How Does It Impact PACS? 
Enterprise Archive 
and Viewing

As stated above, a singular solution for enterprise- 
wide image access via the EHR is more clinically 
viable. To achieve this, images need to be cen-
trally managed and accessed via a common 
viewer. The central management of images sug-
gests an enterprise-wide archive that can manage 
image content from multiple sources in a patient- 
centric manner.

Since content might be in multiple formats, an 
enterprise archive needs to be able to accommo-
date multiple data formats. Standard radiology 
and cardiology images might be handled via a 
standard created for that—Digital Imaging and 
Communications in Medicine Standard 
(DICOM). The DICOM standard encompasses a 
way to handle the identification information 
regarding the images (metadata), as well as a for-
mat for storing the actual image content.
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Other imaging services may produce image 
content in other standard formats, such as Joint 
Photographic Experts Group (JPEG). This for-
mat is widely used for photographic purposes. 
Given that it is a widely accepted format, it would 
be redundant to convert it to another format such 
as DICOM.  Therefore, an enterprise archive 
should be able to manage multiple formats in 
their native format.

Similarly, a viewing device associated with 
the enterprise archive would need to be able to 
display images from multiple file formats such as 
PDF, JPEG, and DOCX. These so-called “univer-
sal viewers” can present images from multiple 
formats, simplifying how clinicians can view 
images from multiple service lines.

PACS has embraced both image archive and 
image viewing technologies, but they are opti-
mized for the service line addressed. For exam-
ple, in the case of radiology, since most image 
content is handled via DICOM, the archive and 
viewing devices are structured around the 
DICOM standard. With the advent of an enter-
prise archive and viewing application, some of 
this capability is redundant within 
PACS. Therefore, the PACS capability for long- 
term image archive and clinical display can be 
replaced by an enterprise application. Figure 31.4 
illustrates the impact that Enterprise Image 
Management (EIM) can have on a PACS.

Note in the first case of PACS, all the func-
tionality including the archive and clinical view-
ing is part of the PACS. In the second case, the 
PACS focuses on image acquisition and diagnos-
tic viewing, and the EIM assumes responsibility 
for image archive and clinical viewing. This pri-
marily differentiates a PACS in an EIM 
environment.

31.8  Health Insurance Portability 
and Accountability Act

The Health Insurance Portability and Account-
ability Act (HIPAA) was enacted by the United 
States Congress in 1996. The HIPAA act recog-
nizes the importance of securely managing 
patient information by what is referred to as 

Protected Health Information, or PHI. According 
to the Health and Human Services (HHS), 
“HIPAA Privacy Rule provides federal protec-
tions for personal health information held by cov-
ered entities and gives patients an array of rights 
with respect to that information. At the same 
time, the Privacy Rule is balanced so it permits 
the disclosure of personal health information 
needed for patient care and other important pur-
poses” [8].

31.8.1  Safety and Security Involving 
Imaging Equipment and PACS

Image content from imaging equipment as stored 
within a PACS is considered to be protected 
health information (PHI). Such content must be 
managed in a manner consistent with the law. 
Image content must be managed securely and 
breeches or failure to comply with HIPAA means 
the entity managing the image content may be 
subject to fines if not corrected within 30 days.

31.8.2  Importance of Archive Policy 
and Testing

Hard copy material may be easier to manage 
than digital content, as it can only be in one 
physical place at a time, unless copied. Digital 
content can be harder to manage as it may be in 
multiple places at the same time. For example, a 
CT exam may reside on a scanner, however, it 
may also be archived to PACS.  To be HIPAA-
compliant, there needs to be rules and means for 
handling digital content.

In terms of the example above, a CT exam 
can be managed within the capabilities of 
DICOM, whereas once the image has been trans-
ferred to PACS and verified, the CT scanner is 
free to delete the study; the PACS is now the 
“owner” of the data (Modality Performed 
Procedure Step, or MPPS).

Managing imaging data in an archive in a 
HIPAA-compliant manner means there needs to 
be a policy for handling availability of data, as 
well as periodic testing of the policy. If data is 
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stored in multiple levels of an archive, if for some 
reason an exam is deleted, the policy determines 
how the data can be restored. The policy needs to 
include a mechanism for testing the ability to 
restore data. When the archive incorporates a 
“backup” capability where there is a backup 
instance of the data, the policy must define both 
the process and the ability to restore the data from 
the backup to the primary archive. Failure to do so 
could mean the archive is not HIPAA-compliant.

31.9  Conclusion

Nurses and radiology should go together like 
bread and butter. Unfortunately, there are not 
enough nurses for this to occur. Individuals who 
volunteer to become a much-needed asset in radi-
ology will be rewarded with an interesting and 
compelling career of helping patients when they 
need it the most. The technical information 
shared in this chapter is a small part of what 

PACS

PACS

EIM

Diagnostic Workstation

Clinical Viewing Station

Diagnostic Workstation

Clinical Viewing Station

Note in the first case of PACS, all the functionality including the archive and clinical viewing is
part  of the PACS.  In the second case, the PACS focuses on image acquisition and diagnostic
viewing, and the EIM assumes responsibility for image archive and clinical viewing. This
primarily differentiates a PACS in an EIM environment.

Service Line Archive

Enterprise Archive

Fig. 31.4 Impact of 
enterprise image 
management on PACs
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makes diagnostic imaging an interesting disci-
pline within nursing. Individuals who are want-
ing to see huge changes in healthcare should 
choose diagnostic imaging as AI will impact 
radiology and play a huge role in the EMR evolu-
tion that will affect patient outcomes in a very 
positive way.
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