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Foreword 1

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

Reference
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International; 2017.



Foreword 2

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.

Christine Keough, BSN, RN, CRN
University of Rochester Medical Center
Rochester, NY, USA



Preface

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.

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

Reference

1. Gross KA. Core curriculum for radiologic and imaging nursing. 3rd ed.
Association for Radiologic and Imaging Nursing; 2014.



Acknowledgments

I want to send a special thanks to all, including the Springer staff, who sup-
ported me during the task of planning, preparing, and bringing this project to
the finish line. There are too many to mention by name, but I especially want
to thank my spouse, Richard J. Gross, MD, who understood the long days and
discipline that I would need to complete this book.

I also want to thank Dina A. Krenzischek, PhD, RN, CPAN, FAAN,
FASPAN, and Sharon L. Kozachik, PhD, RN, FAAN, for their encourage-
ment and professional advice throughout the course of this project and at
other times in my career.

XV



Contents

Section I Radiology Roles

1

Advanced Practice Providers. . ........................... 3
Randi L. Collinson

Role of the Clinical Nurse Specialist in Radiology. ........... 15
Sharon L. Lehmann

Radiology Nurse Manager . .......................c.c...... 25
Valerie Aarne Grossman and Alexandra Penzias

Section IT  Clinical Patient Care Topics

4

X-Ray Interpretation .............. ... ... ... ... .. ..... 41
Michael Bowen and Tina Sankhla

Point-of-Care Laboratory Testing in Radiology. ............. 53
Kent B. Lewandrowski

Pre- and Post-Procedure Nursing Care .................... 59

Patricia Tuck and Dina A. Krenzischek

Procedural Sedation and Analgesia in Radiology ............ 77
Michael J. Long and Lois Elaine Stewart

Positioning the Patient for Procedures . .................... 91
Lois Elaine Stewart and Michael J. Long

Transradial Arterial Access . . .......... ... ... ... ... ..... 105
Paula Dixon

Section III Safety in Radiology

10

11

12

Contrast Reactions . . ............. ... ... . ... ... ... . ... 119
Alexandra Penzias and Gloria M. Salazar

Infection Prevention in Radiology. ........................ 129
Caroline McDaniel, Sandra L. Schwaner, and Costi D. Sifri

Radiation Safety Considerations in Interventional
Fluoroscopy . . ... ... ... . 141
Michael C. Talmadge

XVii



xviii Contents

13 Waste Anesthetic Gases (WAGs): Minimizing Health
Risks and Increasing Awareness . ......................... 149
John E. Moenning Jr., Dina A. Krenzischek,
and James D. McGlothlin

14 Medical Laser Safety ......... ... ... ... ... .. ... .. .... 161
Vangie Dennis

15 Minimally Invasive Image-Guided Procedures .............. 173
Margaret M. Doherty-Simor

16 MR Safety Essentials for Nurses . ......................... 183
Maureen N. Hood

17 Alarm Fatigue . ............ ... .. .. ... .. .. .. .. ... 199
Stacey Trotman

18 Patient Falls in Radiology. ............................... 205
Greg Laukhuf

19 AdverseEvents ............. . . ... .. ... 213

Shawna M. Butler

Section IV  The Patient in Radiology

20

21

22

23

24

25

Legal and Ethical Considerations for Radiology
Procedural Consent. . . ........... ... .. ... .............. 225
Adrienne N. Dixon and Meghan Stepanek

Telephone Communications. .. ........................... 235
Mary Elizabeth Greenberg and Carol Rutenberg

Health Literacy . .............. ... ... ... .. 245
Beth Ann Hackett

The Patient Experience in Radiology ...................... 253
Sanne H. Henninger

Children and Young People in Radiology . .................. 263

Joan Turner

Forensic Patients in the Healthcare Setting . . ............... 273
Debra S. Holbrook

Section V  Professional Topics

26

27

28

29

Cybersecurity: Cyberspace Wars—The Unseen Enemy. . . . . .. 285
Thomas Hough and Kathleen A. Gross
Nursing Research and Outcomes. . . ....................... 291

Kathleen Shuey and Marygrace Hernandez-Leveille

Interprofessional Education and Collaboration. .. ........... 301
Wendy Manetti
Social Media ........... ... ... ... ... ... i 313

Saad A. Ranginwala



Contents Xix

30 ResponsetoViolence.................. ... ... ... ....... 319
Jeffrey Strickler

31 Current Trends in Radiology . ............................ 329
Thomas Hough and Joseph Marion

Correction to: Advanced Practice Providers . .................... Cl1



About the Editor

Kathleen A. Gross, MSN, BS, RN-BC, CRN is the Editor-in-Chief of the
Journal of Radiology Nursing (JRN), which publishes works relevant to all
imaging modalities across the life span. Kathleen’s experience includes
working as a clinical radiology nurse in interventional radiology for 21 years.
She taught nursing students and radiology technology students. She also
served as an adjunct faculty for a university nursing program.

She served in a national capacity as secretary, president-elect, president,
and past president of the Association for Radiologic and Imaging Nursing
(ARIN).

Kathleen has served on the American College of Radiology’s (ACR’s)
Safety Committee and is currently on the ACR Commission on Patient and
Family-Centered Care Education Committee. Kathleen has held committee
appointments with the Society of Interventional Radiology (SIR), serving
since 2006 as a committee member of the Safety Committee as well as SIR’s
Standards Committee. Her knowledge and skills contributed to her work as
one of the founding members of the Peripheral Arterial Disease (PAD)
Coalition; she served on the PAD coordinating committee and nominating
committee. She is a member of the Committee on Publication Ethics (COPE)
and the International Academy of Nursing Editors.

Professional contributions as a nurse leader are evidenced by her numer-
ous publications. She has authored and coauthored articles specific to radiol-
ogy and/or radiology nursing in peer-reviewed journals and written columns,
editorials, and book chapters. She edited the Core Curriculum for Radiologic
and Imaging Nursing, 3rd edition.

Kathleen was instrumental in the development of the first radiologic nurs-
ing certification examination and served on the Radiologic Nursing
Certification Board. Kathleen is the recipient of the Johns Hopkins School of
Nursing Dean’s Award for Outstanding Nurse Leader 2018, the 2018
Maryland Nurses Association Qutstanding Pathfinder Award (for excellence
and creative leadership in nursing), and the Albert Nelson Marquis Lifetime
Award, 2018. She is a member of Sigma Theta Tau International.

XXi



Contributors

Michael Bowen, ANP, RN Department of Radiology, Emory Healthcare,
Atlanta, GA, USA

Shawna M. Butler, DNP, JD, RN, CPHRM Massachusetts General
Hospital, Boston, MA, USA

University of Massachusetts, Boston, MA, USA

Randi L. Collinson, MSN, CRNP, RN Department of Neurointerventional
Radiology and Neurosurgery Department, Hospital University of
Pennsylvania, Philadelphia, PA, USA

Vangie Dennis, MSN, RN, CNOR, CMLSO WellStar Atlanta Medical
Center, Atlanta, GA, USA

Adrienne N. Dixon, JD, MS, PA-C Legal Department, The Johns Hopkins
Health System Corporation, Baltimore, MD, USA

Paula Dixon, MSN, RN, CCRN, CEN Department of Cardiology, Medical
University of South Carolina, Charleston, SC, USA

Margaret M. Doherty-Simor, MSN, RN The Interventional Initiative,
Oakland, CA, USA

Mary Elizabeth Greenberg, PhD, RN-BC, C-TNP School of Nursing,
Northern Arizona University, Tucson, AZ, USA

Kathleen A. Gross, MSN, BS, RN-BC, CRN Owings Mills, MD, USA

Valerie Aarne Grossman, MALS, BSN, RN Department of Radiology,
Highland Hospital (An affiliate of the University of Rochester), Rochester,
NY, USA

Beth Ann Hackett, DNP, APRN, CRN Midstate Radiology Associates,
LLC, Meriden, CT, USA

Sanne H. Henninger, Ed.D, MSW, LCSW Duke Health—Private
Diagnostic Clinic, PLLC, Durham, NC, USA

Marygrace Hernandez-Leveille, PhD, RN, ACNP-BC UT Southwestern
Office of Advanced Practice Providers, Dallas, TX, USA

UT Southwestern Medical Center, Dallas, TX, USA

xxiii



XXiv

Contributors

Debra S. Holbrook, MSN,RN,SANE-A,FNEA/P,DR-AFN,FAAN Mercy
Medical Center, Baltimore, MD, USA

Maureen N. Hood, PhD, RN, RT (R)(MR), FSMRT, FAHA Department
of Radiology & Radiological Sciences, Uniformed Services University of the
Health Sciences, Edward Hébert School of Medicine, Bethesda, MD, USA

Thomas Hough, CMC True North Consulting & Associates Inc.,
Mississauga, ON, Canada

Dina A. Krenzischek, PhD,RN,MAS,CPAN,CFRE,FAAN,FASPAN Pati
ent Care Service, Mercy Medical Center, Baltimore, MD, USA

Greg Laukhuf, ND, RN-BC, CRN, NE-BC Department of Radiology,
University Hospitals Cleveland Medical Center, Cleveland, OH, USA

Sharon L. Lehmann, MS, APRN, CNS, CRN Department of Interventional
Radiology, University of Minnesota Physicians, Minneapolis, MN, USA

Kent B. Lewandrowski, MD Division of Clinical Laboratories and
Molecular Medicine, Department of Pathology, Massachusetts General
Hospital, Boston, MA, USA

Harvard Medical School, Boston, MA, USA

Michael J. Long, DNP, CRNA Community Health Network Anesthesia,
Indianapolis, IN, USA

Wendy Manetti, PhD, CRNP Department of Nursing, University of
Scranton, Scranton, PA, USA

Joseph Marion, MBA, BA Healthcare Integration Strategies, LLC,
Waukesha, WI, USA

Caroline McDaniel, MSN, RN, CWON University of Virginia Health
System, Charlottesville, VA, USA

James D. McGlothlin, PhD, MPH, CPE, FAIHA Emeritus Purdue
University, West Lafayette, IN, USA

John E. Moenning Jr, DDS, MSD Indiana Oral & Maxillofacial Surgery
Associates, Fishers, IN, USA

Alexandra Penzias, DNP, MEd, APRN, ACNS-BC Cooley Dickinson
Hospital, Northampton, MA, USA

Saad A. Ranginwala, MD Department of Medical Imaging, Ann and Robert
H. Lurie Children’s Hospital of Chicago, Chicago, IL, USA

Carol Rutenberg, MNSc, RN-BC, C-TNP Telephone Triage Consulting,
Inc., Hot Springs, AR, USA

Gloria M. Salazar, MD Department of Radiology, Massachusetts General
Hospital, Boston, MA, USA

Tina Sankhla, MD Department of Radiology, Emory Healthcare, Atlanta,
GA, USA



Contributors

XXV

Sandra L. Schwaner, MSN, RN, ACNP-BC Department of Interventional
Radiology, University of Virginia Health System, Charlottesville, VA, USA

Kathleen Shuey, RN, ACNS-BC, AOCN Department of Nursing, Baylor
University Medical Center, Dallas, TX, USA

Costi D. Sifri, MD Division of Infectious Diseases and International Health,
Department of Medicine, University of Virginia Health System,
Charlottesville, VA, USA

Meghan Stepanek, Esq, MPH Legal Department, The Johns Hopkins
Health System Corporation, Baltimore, MD, USA

Lois Elaine Stewart, PhD, CRNA Community Health Network Anesthesia,
Indianapolis, IN, USA

Jeffrey Strickler, DHA, RN, NEA-BC UNC Health, University of North
Carolina Health Care, Cary, NC, USA

Michael C. Talmadge, DABR, CHP Radiation Oncology, Massachusetts
General Hospital (MGH)/Newton Wellesley Hospital, Newton, MA, USA

Stacey Trotman, DNP, RN, CMSRN, RN-BC, NE-BC Department of
Nursing and Critical Care Unit, Mercy Medical Center, Baltimore, MD, USA

Patricia Tuck, MSN, RN, NE-BC Interventional Radiology Department,
Mercy Medical Center, Baltimore, MD, USA

Joan Turner, PhD, CCLS Child and Youth Study Department, Mount Saint
Vincent University, Halifax, Nova Scotia, Canada



Section |

Radiology Roles



®

Check for
updates

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

The original version of this chapter was revised. The cor-
rection to this chapter can be found at https:/doi.
org/10.1007/978-3-030-32679-1_32

R. L. Collinson, MSN, CRNP, RN ()
Department of Neurointerventional Radiology and
Neurosurgery Department,

Hospital University of Pennsylvania,
Philadelphia, PA, USA

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),

© Springer Nature Switzerland AG 2020, Corrected Publication 2020 3
K. A. Gross (ed.), Advanced Practice and Leadership in Radiology Nursing,
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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 1II, 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].

Education for the Nurse
Practitioner

1.4.1

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].

Need for Advanced Practice
Providers

1.5

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].

Advanced Practice Providers
Billing for Services

1.6

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

Table 1.1 Provider comparison chart

Nurse Practitioner
Masters or Doctorate of
Nursing

Nursing model

Holistic approach with
patient focus

RN license, 400—-1000 h
studies

College classes or online/
clinical training

Multiple age/gender/mental
health focused
Bachelor’s in Nursing

Medical Professionals
Degree required

Model of studies
Study model focus

Training required
Available curriculum
Areas of study

Pre requisite

Practice authority Independent, reduced and
restricted authority
American Association of
Nurse Practitioners
270,000+ (estimated)

100 h CE’s + 1000 h every

5 years, no exam

Advanced professional
associations

USA national total
Recertification

Radiology training No No
Providers recognized ~ Yes Yes
by CMS

Transferring skills to Yes Yes

other practice
Source: From refs. [18, 20, 21, 28, 29, 32, 36, 37, 49-60]

Physician Assistant
Masters of Medicine

Medicine model
Disease approach with
diagnosis/treatment
2000 h studies

College classes/clinical
training
Diagnostic/treatment for all
areas of life span
Bachelor’s in Medicine

Physician collaboration

American Academy of
Physician Assistants
123,000+

100 h CE’s every 2 years,
exam every 10 years

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

Radiology Assistant/Radiology
Extenders

Majority bachelors prepared

Radiology/medicine model
Patient assessment/management
approach

RT license, additional
Radiology MD preceptorship
College/clinical based training
with MD

Radiology/procedural focused

Certified radiologic
technologist
State regulated practice

American Society of
Radiologic Technologists
RA’s—392/RPE’s 640+

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

Yes

No

No
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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.

Advanced Practice Provider
Responsibilities

1.8.1

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).

Recent Advanced
Professional Growth
in the USA

1.9

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

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

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
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Fig. 1.1 Medical professionals in the United States. (Source: From refs. [42-44])

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).

International Advanced
Practice Roles

1.10

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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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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Role of the Clinical Nurse
Specialist in Radiology

Sharon L. Lehmann

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
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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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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]

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
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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
APRNSs 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.

24  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 TheCNSin the Radiology

Department

The CNS has aunique 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.

e 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 Il clinical nurse

specialist

* Enteric tube (non-percutaneous) placement and
removal
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prior to the biopsy, and then the biopsy is
scheduled.

e 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.

e 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.

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

e 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.

e 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.

e 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

Itis 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 CNSinOther 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.

Staff Recruitment
and Candidate Selection

3.2

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-
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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
[ACRY]). 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 ContentDelivery

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,

Table 3.1 Showing appreciation to team members

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

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

are working later shifts.)

Find ways to lighten the mood at random times

are in on call and get hungry

Avoid holding a grudge towards challenging employees

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

Keep a supply of snacks in your office. Staff appreciate having a quick snack on those chaotic days or when they

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. 1t 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”)

well done

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

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

have the release time needed to attend their meetings

Promote their participation on committees, both departmental and organizational. Plan the schedule for them to

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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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

o 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]

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

Table 3.2 Nurse manager self-reflection and continued
growth

o 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

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



36

V. A. Grossman and A. Penzias

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-
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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

a
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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,
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ey, Sem

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

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.
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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

e 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).

e 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-

— oW

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

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.

e 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
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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. 4.3). 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.

e 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

SEMI UPRIGHT
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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

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 cm?® of fluid
(Fig. 4.5).
¢ E—Extras—Ilook 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.



4 X-Ray Interpretation

47

Sem

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
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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

— 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.

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

— 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
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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

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-
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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

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
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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

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.

44  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
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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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Table 4.1 Further resources for interpretation

Additional readings to improve diagnostic chest X-ray
skills

1.

2.

10.

Corne J, Kumaran M. Chest X-ray made easy. 4th
ed. London: Elsevier Health Sciences; 2015
Felson B. Chest roentgenology. India: Atbs
Publisher; 2011

. Goodman L. Felson’s principles of chest

roentgenology, a programmed text. 4th Edition
Revised. London: Elsevier Health Sciences; 2015

. Forrest JV, Feigin DJ. Essentials of chest radiology,

Philadelphia: W.B. Saunders Co.; 1982

. Lillington GA, Jamplis RW. A diagnostic approach

to chest diseases: differential diagnoses based on
roentgenographic patterns. 3rd ed. Baltimore:
Williams and Wilkins Co.; 1987

. Mettler F. Essentials of radiology. London:

Elsevier Health Sciences; 2018, 1996

. Novelline R. Squire’s fundamentals of

roentgenology 2018. 7th ed. Cambridge: Harvard
University Press; 1982

. Squire LF, Colaice WM, Strutynsky N. Exercises

in diagnostic radiology. Vol. 1: The chest; 1972

. Mettler F. Essentials of radiology. 3rd ed.

Philadelphia: W.B. Saunders Co.; 2013
www.auntminnie.com (Registration is free)
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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-
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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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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

Test complexity and method of
certification

Issued only to laboratories that perform
waived testing

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

Issued to sites performing moderate or
high complexity testing prior to the site
being inspected and found to be in
compliance with CLIA regulations
Issued to a laboratory that has been
inspected by CMS or state health
agency and is determined to be in
compliance with CLIA regulations
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

Certificate
Waiver

PPM

Registration

Compliance

Accreditation

PPM provider performed microscopy, CMS Centers for
Medicare and Medicaid Services

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:

e Certain tests listed in the CLIA regulations

e Tests cleared by the FDA for home use

e 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 TIC
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.
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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., TJIC,
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 68 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.

Outcomes for POCT
in Radiology
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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].
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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.

. 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.

. 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.

. Inquire about allergies to medications and any

history of reaction to contrast media (and
treatment, if known), latex, tape, or other ban-
dage products.

. 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

. Review readiness of presurgical /procedure

patient’s teaching, sedation plan, and dis-
charge planning based on patient’s needs.
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ing and understanding the consent and care.

. 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.

9. Confirm availability of safe transport if patient  10. Validate patient’s understanding of preopera-
will be going home or arrangements for an tive/procedure teaching including sedation
inpatient hospital bed. If appropriate, inquire and discharge planning. Include family mem-
about attendance overnight. bers in the patient teaching if available.

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

6.2.2 Intervention 12. Implement radiation safety procedures.

13. Prepare special equipment appropriate for

. Introduce nurse, providers, and other health the procedure.

care team members interacting with patient 14. Take patient belonging inventory and store

and family members. patient’s belongings and valuables in a
. Verify and confirm patient’s identification secure area. Jewelry, eyeglasses (contact

using two identifiers. lenses), hair pins, dentures, hearing aids, etc.
. Assist physician in obtaining consent if not should be removed per facility policy.

taken before surgery/procedure. Confirm site  15. Instruct and educate family members where

marking by provider, if appropriate. to wait, any patient tracking system or com-
. Facilitate the availability of interpreter or munication update system.

other means to assist patient in communicat- 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

Assess peripheral pulses prior to angiogram 1. Patient meets all the requirements to undergo
procedure/mark site and document clearly as procedure with anesthesia, sedation, or local
this will be used for post-procedure compari- anesthesia as indicated.
sons. Note if pulses are palpable or by Doppler, 2. Patient validates understanding of consent
quality, extremity temperature, and sensation. procedure, expectations, and patient’s teach-
If a radial access site/other is anticipated, per- ing including discharge planning.
form the appropriate tests for meeting criteria.

. Insert intravenous access (IV) line, if ordered
for procedure. (20 or 18 gauge maybe pre- 6.3 Post-procedure Care (But

ferred.) Some interventional procedures,
e.g., thrombolysis case or embolization for
gastrointestinal bleeding, may require more
than one IV access.

Not Limited To) [1, 7-9]

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

. Administer premedication, e.g., antibiotic, patient.
and document last dose of anticoagulant as
indicated.
. Insert urinary drainage catheter as ordered. ~ 6.3.1 Assessment
. Implement additional laboratory testing as
ordered, e.g., international normalized ratio 1. Determine patient destination post-procedure

(INR), partial thromboplastin time (PTT)/
prothrombin time (PT), platelets, creatinine,
type, and screen.

(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 6.3.2 Intervention
identifiers.
3. Review data received from transfer of care. 1. Verify patient’s identification using two
4. Review presurgical/procedure assessment and identifiers.
interventions. 2. Connect patient to monitoring device(s).
(a) Obtain vital signs, oxygen saturation, 3. Obtain hand off report from providers/proce-
breathing, airway, circulation, conscious- dure staff.
ness/sedation level, peripheral pulses 4. Obtain vital signs and oxygen saturation.
where appropriate, and pain level. Assess 5. Provide emotional and psychological support.
distal pulses every 15 min x 4, every 6. Educate patient including care plan, expecta-
30 min x 4, then every 60 min until dis- tions, and discharge planning. Include family
charge/transfer or per physician’s orders. member or significant other if available.
(b) Notify physician for the following 7. Provide written discharge instructions and
conditions: obtain signature of patient after teaching,
e Decrease or change in strength of verification of understanding, and respond to
pulses in affected extremities patient’s questions. Instructions should
e Extremity is cold or cool to touch or include what to do in the case of questions,
color change concerns, or in an emergency, whom and
e Pain or nausea how to contact provider. Also included will
e Inability to move extremity/sensory, be information about any follow-up appoint-
temperature, or color change ments needed status post-procedure (e.g.,
e Change in vital signs, including level routine tube exchange appointment).
of consciousness (LOC) 8. Implement post-procedure orders.
e Bleeding or hematoma at the punc- 9. Provide safe transport of patient to receiving
ture site or dressing site unit or to the car if ambulatory.
* Procedure-specific change in condi- 10. Arrange safe transportation to home.
tion (e.g., increased hematuria after
tube placement, short of breath after
lung biopsy). 6.3.3 Outcome
5. Assist with hemostasis if surgical suture or
plug is not used for hemostasis. 1. Patient meets discharge criteria for transfer to
(a) Maintain bed rest for a period of time as the receiving unit or home.
prescribed by the physician. 2. Patient is safely transported to the receiving
(b) May logroll patient 10-15° from side to unit or home.
side. Head of bed may be elevated no greater
than 30° during bed rest if manual hemosta-
sis for femoral access (see Chap. 9). 6.4 Discharge Criteria
6. Assess pain and discomfort, nausea and vom-
iting,  dressing,  bleeding, or any The post-procedure nurse follows standardized min-
complications. imum criteria in collaboration with the proceduralist
7. Note presence of drainage tubes, patency, and/or anesthesia provider. The expected outcomes
characteristics of drainage as indicated and before patient is transferred or discharged are:
drainage output.
8. Note estimated fluid deficit or blood lost 1. The established criteria must be met or assess-
where appropriate. ment is comparable to pre-procedure status to
9. Assess patient’s emotional and psychological safely transfer care to an inpatient unit or dis-

status.

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
RN, 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 .

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.


https://www.healthline.com/health/aortic-angiography
https://www.healthline.com/health/aortic-angiography
https://www.healthline.com/health/cerebral-angiography
https://www.healthline.com/health/coronary-angiography
https://www.healthline.com/health/coronary-angiography
https://www.healthline.com/health/extremity-arteriography
https://www.healthline.com/health/fluorescein-angiography
https://www.healthline.com/health/fluorescein-angiography
https://www.healthline.com/health/pulmonary-angiography
https://www.healthline.com/health/renal-arteriography
https://www.healthline.com/health/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.


https://www.healthline.com/health/stroke/stroke-warning-signs
https://www.healthline.com/health/heart-attack
https://www.healthline.com/health/heart-attack
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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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. The patient (or caregiver) can demonstrate

how to connect and disconnect tube from
drainage bag.

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

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.

. 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.

. 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.

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.

. 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.

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.

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
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.

sudden lack of

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.

71
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].

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.

bt

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

Yttrium-90 (°°Y) microspheres are tiny spheres
loaded with *Y, a radioisotope that emits pure
beta radiation. *°Y has a half-life of about 64 h.
The radiation from *°Y 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 °Y on their surface,
only very small amounts of °Y 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 *°Y therapy are
discharged the same day. On discharge, pre-
scriptions are given for a proton pump inhibi-
tor, steroids, antiemetic, and pain medications.
Y 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 *’Y 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

Post-embolization syndrome (PES).
Expulsion of fibroid tissue.

Altered ovarian and sexual function.
Subcutaneous tissue necrosis.
Treatment failure.

AEE ol

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.


https://www.sciencedirect.com/topics/nursing-and-health-professions/fever
https://www.sciencedirect.com/topics/nursing-and-health-professions/lethargy
https://www.sciencedirect.com/topics/nursing-and-health-professions/fatigue
https://www.sciencedirect.com/topics/nursing-and-health-professions/nausea
https://www.sciencedirect.com/topics/nursing-and-health-professions/abdominal-pain
https://www.sciencedirect.com/topics/nursing-and-health-professions/abdominal-pain

74

P. Tuck and D. A. Krenzischek

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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Procedural Sedation
and Analgesia in Radiology

Michael J. Long and Lois Elaine Stewart

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
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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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MINIMAL MODERATE

Responds to

Responsiveness lert/Awake

Verbal Stimuli

Ventilation Unaffected Adequate

Airway Unaffected No Intervention

Cardiovascular Unaffected Maintained

GENERAL
ANESTHESIA

nresponsive

Responds to

Painful Stimuli

Maybe
Inadequate

Frequently
Inadequate

Intervention Intervention
Maybe Needed Often Required

Usually
Maintained

Maybe Impaired

Fig.7.1 Sedation continuum (adapted from ASA’s Continuum of Depth of Sedation, Definition of General Anesthesia,

and Levels of Sedation/Analgesia Table ([1], p. 463)

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

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 Smoker
systemic disease 42-year-old with HTN
(well controlled)
Pregnant woman
3 Multiple systemic Morbid obesity
diseases or major (BMI > 40)
systemic disease that ~ Chronic renal failure on
affects activity dialysis
4 Life-threatening Symptomatic CHF
severe systems Recent MI
disorders
5 Moribund patients Ruptured aneurysm
with little chance of ~ Major trauma
survival without
surgery
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

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
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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].

Table 7.2 Complications and risk factors

Risk factors/characteristics
Gastroesophageal reflux
Diabetes mellitus

Cerebral vascular accident
Obesity

Pregnancy

Oversedation

Large tongue

Edentulous

Oral abnormalities; loose
tooth/teeth

COPD

Patient position
Oversedation

Inadequate sedation
History of heart failure
History of poorly controlled
HTN

Patient position
Dehydration

Extremes of age

Extremes of age
Inexperienced sedation
provider

Opioid dependence/tolerance
Inexperienced sedation

Complication

Aspiration of gastric
contents

Airway obstruction

Respiratory
complications

Cardiovascular
complications

Oversedation

Inadequate sedation

provider
Neurological Elderly
complications Polypharmacy
Nausea and vomiting History of N/V
(N/V) Infants and children

Nonsmoking females

Drug interactions/ Known sensitivity

reactions Polypharmacy
Difficult bag-mask MOANS
ventilation

HTN hypertension, COPD chronic obstructive pulmonary
disease

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
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Fig.7.2 Modified Mallampati. This image is licensed under the Creative Commons Attribution-ShareAlike3.0Unported
(CCBY-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.

e Clear liquids: at least 2 h of fasting.

e 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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Table 7.3 Sedation pharmacology

Drug Dose (IV)
Midazolam 0.5-5 mg
(Versed)

Lorazepam 1-4 mg
(Ativan)

Diazepam 2-10 mg
(Valium)

Fentanyl 25-100 mcg
(Sublimaze)

Morphine 2.5-15 mg
Hydromorphone 0.5-2 mg
(Dilaudid)

Meperidine 25-100 mg
(Demerol)

(Analgesia)

Meperidine 12.5 mg
(Shivering)

Dexmedetomidine Loading dose: 1 mcg/kg
(Precedex) Infusion: 0.2-1 mcg/kg/h
Diphenhydramine 10-50 mg
(Benadryl)

Scopolamine 0.2-0.65 mg

Pharmacokinetics Elimination
Onset: 0.5—1 min Renal
Peak: 3—5 min

Duration: 15-80 min
Onset: 1-5 min
Peak: 15-20 min
Duration: 6-10 h
Onset: <2 min

Peak: 3—4 min
Duration: 15-60 min
Onset: <0.5 min
Peak: 5-15 min
Duration: 30—-60 min

Hepatic and renal

Hepatic

Hepatic and pulmonary

Onset: <1 min Hepatic
Peak: 5-20 min

Duration: 2-7 h

Onset: <0.5 min Hepatic
Peak: 5-20 min

Duration:2—4 h

Onset: <1 min Hepatic
Peak: <60 min

Duration: 24 h

Onset: <5 min Hepatic
Peak: 15 min Renal <1%
Duration: N/A

Onset: Within minutes Hepatic

Peak: 60 min to 3 h
Duration: 4-6 h
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

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-
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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 H,; 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  PSATraining

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.

Practice Guidelines
for Moderate PSA 2018 (ASA)

7.7.1

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).
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Recommendations include:
e Preprocedure evaluation and preparation.
¢ Continuous capnography as a standard

monitor.

e Presence of an individual in the procedure
room properly trained to respond to airway
complications and emergencies.

e 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:

e Scope of practice.

¢ Qualifications of responsibilities of personnel.

* Patient selection.

* Risk factors.

e Patient evaluation and management.

* Sedation-related documentation.

* Discharge criteria.

e Equipment.

e 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.
e Interventional radiology.

e Off hours (on-call).

e 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:

e 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, TIC wields considerable power
over a hospital’s accreditation and the standards
they elect to adopt. TIC 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
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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