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Preface

Emergency care providers are accustomed to figuring things out for themselves.
Whether at “home” in the prehospital arena, emergency department, inpatient wards,
or the intensive care unit, healthcare providers who work with critically-ill patients
face austere circumstances and unexpected challenges every day. When time is lim-
ited, care must be provided even in the absence of information. This lack of real-time
information underscores the importance of being prepared for a wide variety of cir-
cumstances. Providers learn from their own successes and failures in obtaining vas-
cular access, as well as those of their colleagues and mentors. But an overreliance on
anecdotal evidence and apprentice-style learning can leave gaps in one’s training.
Although most providers will pick up what they need to know as they advance in
their careers, better formalized training in emergent vascular access techniques is
needed. Emergency care providers should not have to figure it out for themselves.

Vascular access is an essential component in the treatment of unstable patients
across a wide spectrum of disease, and techniques for establishing vascular access
are included in most clinical medical textbooks. But medical textbooks are typically
written for a broad audience, with a general scope of content intended to capture an
entire medical specialty or discipline between its covers. Those of us who treat
critically-ill patients under emergent conditions inherently understand that what we
do every day is different than what is done for stable patients in a controlled envi-
ronment. Yet, even within our own disciplines, the techniques and thought processes
espoused in medical textbooks often fail to relate to the urgency and chaos that
characterizes patient management in the acute care setting.

We need our own resources, our own educational materials, and our own research
to inform the practice of establishing emergent vascular access. Traditionally, those
who provide emergent vascular access have been obliged to scavenge practice tips
from a confusing array of often-contradictory resources, including medical text-
books, blogs, and podcasts. It is time for us to centralize these resources into a
coherent, targeted educational curriculum. This book is intended to begin this pro-
cess of consolidating resources across the spectrum of nursing, critical care, and
prehospital and emergency medicine texts into a single reference that may help to
inform the practice of providing emergent vascular access. This book is not a primer,
as it also includes many advanced concepts. But it is not a truly comprehensive
reference, as no single resource can hope to inform the great diversity of practice
seen in the modern healthcare environment. New evidence emerges almost daily in
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our field. Clinical practice defies our efforts to inform providers on every eventual-
ity. However, we hope that this guide will serve as a starting-off point for those
whose daily clinical duties involve establishing emergent vascular access for criti-
cally-ill patients. It is the first of what we hope will be many future references to
educate and advance the field of emergent vascular access.

This textbook is intended to be of value to both the novice and advanced pro-
vider. It includes expert opinion as well as evidence-based guidance on vascular
access device selection, including the potential advantages and disadvantages of
various techniques. However, no book can replace our greatest educational tool:
clinical experience. Guidelines and policies on vascular access are constantly being
released and updated, and providers must know which practices represent standard
of care in their own local healthcare environment. Providers should use their own
clinical judgment in interpreting the guidance provided in this book. New evidence
must be carefully weighed in the context of contemporary practice, and clinical
decisions should continue to be made utilizing the best available evidence. However,
great effort has been made to justify the suggestions made in this book using mod-
ern references from the medical literature. As conflicting evidence may exist, these
recommendations should be considered in the clinical and historical context within
which they are delivered. Despite these limitations, this reference will provide at
least a rudimentary understanding of the basic principles underlying our chosen
practice.

Chapter 1 offers a definition for “emergent vascular access,” recognizing the
importance of timing and acuity when considering vascular access selection. This
discussion sets the stage for the rest of the book.

Chapter 2 introduces the reader to the physics and physiology of vascular access.
Many of the factors that influence our decision-making regarding device and site
selection relate to basic human physiology and anatomy. Thus, an understanding of
the scientific principles underlying vascular access technologies is key.

Chapter 3 relates to landmark-based peripheral intravenous (i.e., “peripheral
IV”) line placement. This remains the “gold-standard” technique against which all
other techniques are measured. Practical advice and tips to improve the likelihood
of successful peripheral IV insertion are provided.

Chapter 4 builds upon the previous chapter with special attention to the use of
ultrasound guidance in identifying target vessels and facilitating peripheral IV
insertion. The use of ultrasound guidance for peripheral line placement has dramati-
cally changed practice, but this approach requires specific training and an under-
standing of its limitations.

Chapter 5 describes the historical landmark-based approach to central venous
catheter (i.e., “central line”) insertion at various sites. Although most major guide-
lines now recommend the use of ultrasound guidance for central line placement,
emergent conditions may still necessitate landmark-based methods in specific cir-
cumstances. Providers should be aware of these techniques and be confident in their
performance for those rare circumstances in which an ultrasound-guided approach
is not feasible.
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Chapter 6 builds upon the previous chapter by describing how ultrasound-
guidance can be used to facilitate and confirm central venous catheter placement.
The use of ultrasound guidance for central line placement has led to substantial
improvements in the safety and first-attempt success rates for certain central venous
access techniques. However, these benefits are best realized when providers are
familiar with the pitfalls and potential limitations of this approach.

Chapter 7 discusses intraosseous catheter placement, including the most
commonly-seen devices encountered by emergency care providers. Intraosseous
cannulation represents an under-utilized approach to indirect venous access, and is
associated with certain advantages and disadvantages when compared to direct
peripheral venous access techniques. Considerations relating to device and site
selection are described, including limitations of this often life-saving technique.

Chapter 8 incorporates information from the previous chapters into a targeted
discussion relating to pediatric vascular access. Children present providers with
very different vascular access challenges than adults, including differences in anat-
omy, compliance, and complication risks. Providers should be aware of these differ-
ences and incorporate them into their decision-making process when managing
critically-ill children, infants, and neonates.

Chapter 9 addresses emergent vascular access in cardiac arrest, including evi-
dence from the medical literature and recent guidelines. In many ways, managing
cardiac arrest is the ultimate challenge for vascular access providers. Delays in
establishing vascular access for cardiac arrest victims are simply unacceptable, as
the inability to rapidly infuse resuscitative medications may reduce a patient’s like-
lihood of survival with good neurologic outcomes.

Chapter 10 provides a multi-faceted clinical context for “difficult vascular
access” (DVA), a concept which has been inconsistently dealt with in the existing
literature. This is an area of increasing research activity, as modern humans are liv-
ing longer with a greater burden of chronic disease. Patients with DVA may test our
competence and our patience, but learning how to care for them properly can make
us better providers for all our patients.

Chapter 11 tackles decision-making in providing emergent vascular access,
which is (and should be) a deeply-personalized subject. No single resource can fully
elucidate this process, but a systematic approach may be helpful. Factors affecting
decision-making are discussed, and examples of algorithms including appropriate
references are provided.

Chapter 12 provides insight into the future of emergent vascular access, includ-
ing techniques and technologies that are just beginning to influence our practice.
Although traditional methods and devices will likely be around for a long while,
new adjuncts and techniques are available and needed.

Chapter 13 addresses our patients’ arterial access needs. Most of this book is
committed to (direct or indirect) venous access, as it is far more common than arte-
rial access in clinical practice. Although some of the underlying principles of can-
nulation are common to both arterial and venous access, many differences exist and
deserve special attention.



viii Preface

Throughout this book, you will find illustrative examples and helpful references
for those who wish to read more about a specific topic. Each of the authors has been
carefully selected for his or her expertise in the area, including healthcare profes-
sionals from a wide variety of backgrounds. Each chapter provides a mix of basic
and advanced concepts, with the aim of providing valuable content for providers of
all experiential levels. We hope and expect that every reader will find something of
value in each chapter, regardless of their previous training and experience.

Detroit, MI, USA James H. Paxton
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What Is Emergent Vascular Access?

James H. Paxton

Introduction

According to the US Centers for Disease Control (CDC), Americans logged approx-
imately 136.9 million visits to the emergency department (ED) in 2015, with about
12.3 million (7.4%) visits resulting in a hospital admission [1]. According to these
same figures, 31.3 million patients (23%) receive intravenous (IV) fluids, and
752,000 patients (0.6%) require central venous catheter (CVC) placement annually
in the United States [1]. Although these figures do not address the acuity of line
placement, they do reflect the reality that many patients require immediate vascular
access in the ED to treat their presenting medical condition. But the ED is not the
only place that “crash” lines are placed. Paramedics and Emergency Medical
Technicians (EMTs) commonly establish venous access in the prehospital environ-
ment, often in more austere environments and under greater time constraints than
other providers. Rapid response teams are often called to beds on the inpatient floors
to help stabilize crashing patients, many of whom have inadequate vascular access
and require immediate intervention. In fact, most physicians, nurses, and techni-
cians who provide direct clinical care to patients will be called upon at some point
to establish venous access under emergent conditions. Unfortunately, it is not always
clear how decision-making can and should be different during emergent line place-
ment, as compared to the low-acuity line placement techniques that are universally
taught to health professionals. Scores of authoritative organizations have published
extensive guidelines on how vascular access devices (VADs) should be placed,
managed, and removed. But few of these guidelines address the thought processes
that clinical care providers utilize when making decisions about VAD placement, or
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offer any useful insight into how providers should approach the emergent patient’s
vascular access needs differently than those of other patients.

In the real world, providers are expected to determine the acuity of a patient’s
condition, including the degree of a patient’s need for vascular access, on their
own. No single resource can hope to teach providers everything that they need to
know about VAD placement, or account for every potential set of clinical condi-
tions. A wide range of VADs, including peripheral intravenous (PIV) catheters,
intraosseous (10) catheters, and central venous catheters (CVCs), are readily avail-
able to providers in the ED and other acute care settings, but very little guidance is
typically offered to clinicians in their selection of the appropriate VAD for a patient’s
presenting medical condition. Consequently, clinicians must often rely upon their
own understanding of VADs when selecting the most appropriate approach for their
patients. This can lead to great variability in clinical practice, thereby promoting
great variability in VAD appropriateness.

Schools of medicine and nursing do spend time instructing physicians and nurses
on the proper placement of VADs, including indications and techniques recom-
mended for VAD placement in a generic acute care setting. However, very little time
is spent in these curricula explaining the rationale and decision-making behind the
decision to select a specific VAD for specific patient presentations. In many ways,
the provider’s choice of VAD dictates the care that is subsequently available to a
patient. Infusions of various medications and fluids are often required in the care of
emergent patients, but the provider’s ability to effectively provide these interven-
tions can be easily undermined by inadequate or otherwise inappropriate vascular
access. This underscores the importance of making the right decisions about VAD
selection and placement technique as early as possible in the care episode. Bad
vascular access decisions can delay or even prevent the provision of necessary intra-
venous therapies. In order to make the right decisions, providers must understand
how clinical conditions can and should influence their VAD choices.

Recognition of the need for “emergent” vascular access carries with it many
implications for the provider, as well as the patient. The goals of care served by
establishing vascular access will vary according to the patient’s presenting condi-
tion and other factors. However, this book is designed to be of greatest use to the
provider who requires immediate vascular access for their patient, to facilitate a
wide range of anticipated interventions. The concepts in this book will be most
relevant when vascular access is needed “emergently,” in other words, to provide
some intervention for a patient that must be administered as soon as possible.
Whether this intervention is the administration of intravenous fluid, pain medica-
tion, vasopressors, antibiotics, or other medications, it is understood in this context
that the intervention is expected to convey some time-dependent benefit to the
patient that is less valuable (or perhaps futile) if it is delayed.

In general terms, an “emergency” may be defined as an unexpected but poten-
tially dangerous situation requiring immediate action. Thus, an emergent condition
should be both serious and requiring immediate intervention. In other words,
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emergent vascular access must be both: 1) required to correct a serious problem;
and 2) immediately necessary. What constitutes a “serious” medical problem is sub-
ject to provider interpretation, as is the acuity of the need for intervention.
Consequently, declaration of the need for “emergent vascular access” is predi-
cated upon several inter-related factors:

e The provider’s perception of the seriousness of the patient’s presenting medical
condition.

e The patient’s actual medical condition, including the presence of hemodynamic
instability or other evidence of risk to “life or limb”.

e The availability and anticipated efficacy of immediate interventions to correct or
treat the presenting condition.

e The risks of delayed intervention, including the risks of reduced efficacy and
futility.

In other words, whether vascular access is considered “emergent” or not depends
upon a combination of patient-, provider-, and intervention-specific factors. In this
book, we assume that the patient’s underlying medical condition is agreed to be
serious (i.e., life- or limb-threatening), and that the intervention to be provided is
considered to be time-critical.

Throughout this book, we will discuss factors contributing to a provider’s deci-
sion on which VAD and insertion site is appropriate under various clinical condi-
tions. We will also provide “tips and tricks” to improve the likelihood that the
provider will successfully achieve the vascular access solution that they are attempt-
ing. The experienced clinician (whether MD, RN, paramedic, EMT, or other) will
undoubtedly recognize many of the clinical vascular access scenarios presented in
this book. It is our hope that both the casual and careful reader of this text will gain
additional skills augmenting their ability to provide immediate and appropriate vas-
cular access to patients experiencing an emergent medical condition.

The provision of emergent vascular access is a poorly-defined aspect of medical
care, and those individuals charged with the task of providing it often go unrecog-
nized in their efforts. Medical textbooks spend a great deal of time describing the
interventions required to treat emergent medical conditions, without adequate atten-
tion paid to the vascular access methods by which these therapies are achieved. In
this book, we hope to correct some of these oversights.

That said, reading this book will not transform the novice into an expert vascular
access provider overnight. Skill acquisition in this area requires confidence, insight,
and experience (including past successes and failures), which must be gained through
clinical practice. The medical information provided in this book will supplement,
but not replace, expert knowledge and training. As with all medical training, the
information in this book should be viewed with a critical eye towards continuous
improvement. Emergent vascular access is a constantly changing field, with new
strategies and approaches constantly being developed. That said, much can learned
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from the insight that this book’s authors have gleaned from years (sometimes
decades) of experience providing emergent vascular access. We hope you enjoy it,
and maybe learn a thing or two.

Reference

1. Rui P, Kang K. National Hospital Ambulatory Medical Care Survey: 2015 Emergency
Department Summary Tables. Available from: http://www.cdc.gov/nchs/data/ahcd/nhames_
emergency/2015_ed_web_tables.pdf.
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The Physiology and Physics of Vascular 2
Access

James H. Paxton and Megan A. MacKenzie

Introduction

Vascular access, for purposes of clinical care, refers to access to the anatomic sys-
tem of veins and arteries that serve as conduits for the flow of blood through the
human body. Of course, most healthcare providers are focused upon accessing the
venous system for the infusion of fluids and medications for the emergent manage-
ment of their patients. Consequently, most of the attention paid to this topic is
related to venous access.

Vascular access is an essential first step in the care of many patients in the emer-
gency department and inpatient wards. Although many other routes exist for the
introduction of fluids and medications into the vascular system, including the oral,
subdermal, subcutaneous, intramuscular, rectal, and endotracheal routes, the intra-
vascular approach is often the fastest and most efficacious route available for the
infusion of fluids and medications required for the emergent management of criti-
cally ill patients. Consequently, an understanding of the cardiovascular system and
its routes of ingress is indispensable to the emergent vascular access provider.
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Anatomy of the Cardiovascular System

It is generally understood that the cardiovascular system consists of both arterial
and venous channels, which can be accessed by clinicians for myriad purposes.
Clinically, access to the arterial system allows providers the ability to monitor the
arterial blood supply for measurements and blood samples that provide insight into
the patient’s arterial blood pressure, carbon dioxide tension, and oxygenation. While
these measurements and samples may provide information pertaining to the patient’s
relative concentrations of oxygen and carbon dioxide and may also provide insight
into the patient’s arterial blood pressure, arterial cannulation is not generally of
great use for the infusion of therapeutic interventions. Venous cannulation, on the
other hand, is of great use to the clinician as a route by which fluids and medications
can be introduced to the systemic circulation. With the routine use of central venous
punctures, a thorough knowledge of anatomy is required by the physician to reduce
complications.

Human medicine has developed over thousands of years, with common vascular
access points predicated upon many generations of medical providers and their col-
lective decisions relating to the best site for venous and arterial cannulation. In gen-
eral, medical providers have come to select cannula insertion points that are
superficial and easily accessible. In the last few decades, the use of prosthetic arterio-
venous graft (AVG) and central venous catheters (CVCs) has allowed physicians to
choose the most beneficial method of vascular access for their patients. Patients with
a variety of conditions, such as those on hemodialysis, are now experiencing higher
life expectancy and quality of life with these methods [1]. At the same time, all medi-
cal specialties including vascular surgeons, emergency medicine physicians, and
members of the dialysis staff benefit from these options in providing care. A well-
planned procedure, along with an acute awareness of both the surface anatomy and
underlying vascular structures, can allow for precise procedures and minimal trauma.

The Arterial System

By definition, the arterial system carries blood away from the heart. While this
blood is usually oxygenated, the pulmonary arteries provide an exception to this
rule by carrying deoxygenated blood from the heart to the lungs. However, for pur-
poses of peripheral artery cannulation and blood sampling, it can be assumed that
arterial blood should be more highly oxygenated than blood sampled from the
venous system.

Vascular systems (including the arterial and venous systems) may be considered
analogous to a “tree,” with the largest vessels (e.g., aorta) forming the trunk of the
tree and the branches becoming progressively smaller as one approaches the periph-
ery of the tree. Figure 2.1 demonstrates this analogy.

The network of arteries forming the arterial “tree” originates from the large elas-
tic arteries (e.g., the aorta and its major branches), which divide into medium mus-
cular arteries, thence to small arteries, arterioles, and the capillary beds. In the
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Fig.2.1 The human
vascular system
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capillary beds, the blood passes through the peripheral tissues, off-loads a portion of
its oxygen content, and is then picked up by the post-capillary venules. Once the
blood has entered the venules, it may be taken up into the venous system, ultimately
returning to the heart to begin the cycle again.

Elastin is a protein found in the extracellular matrix, which allows tissues to
return to their original form after being stretched — so-called reversible elasticity [2].
Elastic fibers are formed only during early human development and childhood, and
are gradually degraded in the aging process. The aorta and major central vessels
have a substantial amount of elastin in their composition, which allows “smoothen-
ing of the discontinuous blood flow and pressure” generated by the heart’s pumping
function [3]. Smaller arteries, near the periphery of the arterial tree, have much less
elastin than the central vessels. This allows them to vasodilate or vasoconstrict more
easily and rapidly than the larger vessels, in response to changes in the systemic
blood pressure. The variation in size of these arteries is important in pathology, as
each class of vessel is predisposed to particular types of disease. Importantly, elastin
is lost with the aging process, resulting in a host of cardiovascular maladies with
advanced age, including hypertension, atherosclerosis, arterial calcification, and
aortic dissection / aneurysm formation.

Because of the high pressures applied to the arterial system by the heart’s pump-
ing, arteries have thicker, more muscular walls than their venous counterparts. This
makes the arterial system less prone to collapse than the venous system in the set-
ting of hypovolemia [4]. Arteries and arterioles are also highly responsive to circu-
lating catecholamines and other vasoactive substances, especially as mediated by
the alpha-1 and beta-2 adrenergic receptors. The smallest members of the arterial
tree are the capillaries, with walls composed of only a single layer of endothelial
cells surrounded by the basal lamina. Nutrients, gases, water, and solutes are
exchanged in the capillary beds. Selective perfusion of the capillary beds is deter-
mined by the degree of dilation or constriction of the arterioles, enabling the body
to react quickly to a variety of clinical conditions [4].

Arterial cannulation is often performed emergently when arterial blood sampling
is required, or to facilitate continuous blood pressure monitoring. Pressure wave-
forms from arterial lines can allow the clinician to detect sudden changes in blood
pressure that may require a timely intervention. The radial and femoral arteries are
the two arteries that are most frequently cannulated for such purposes. Other arter-
ies, such as the brachial artery, tend to have a higher risk of complications due to the
lack of collateral blood flow and the risk of distal extremity ischemia [4]. The
carotid artery is another large and superficial artery, but it is not often used for arte-
rial monitoring due to concerns about embolization events to the brain and the risk
of hematoma formation with subsequent airway impingement [4].

The radial artery access site is located on the radial side of the distal forearm, with
minimal overlying soft tissue. It can be traced along the lateral aspect of the forearm
through the anatomic snuff box and is palpable at the distal radius. Luckily, less ana-
tomic variation is found in the distal forearm, where cannulation is typically performed.
This site is the most used for access both in adults and pediatrics and is quite useful for
blood sampling and preoperative period information [5]. This artery is often easily
accessible in the operating room and is not adjacent to clinically important nerves.
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The femoral artery is found in the so-called femoral triangle and is easily pal-
pable in even the most obese patients. It is sufficiently proximal to approximate
central blood pressure, but remains quite distal to the heart. The femoral artery is
generally larger than most other available arteries, and therefore it is often a viable
target for arterial line placement even when other vessels (e.g., the radial or ulnar
arteries) cannot be cannulated. When accessing the femoral artery, bleeding risk is
increased in relation to the radial artery due to the greater diameter of the femo-
ral vessel [5]. A femoral approach may also increase the risk of catheter-related
infection in the perineum [6].

In emergent situations, critically ill patients require arterial lines to monitor
blood pressure and obtain blood samples for blood gases. Once the catheter is
inserted into the radial artery, a transducer system will continuously infuse a 0.9%
sodium chloride solution under pressure. The arterial pressure is sensed by the
transducer and then converts that signal into a waveform, reflecting the pressure
generated by the left ventricle during systole. This bedside monitoring system
allows for easier interpretation of a patient’s vitals [6]. Even in the event of decreased
or near-absent pulse, a reliable measurement of arterial blood pressure can still be
measured.

The human arterial system is depicted in Fig. 2.2.

The Venous System

Central venous sites that are frequently selected for cannulation include the internal
jugular vein, the subclavian vein, and the femoral vein. More peripheral sites include
the external jugular vein; the brachial and cephalic veins of the forearm; and the
distal veins of the wrist, hand, and fingers. In general, the peripheral veins of the
lower extremities are not selected for venous cannulation, due to their greater dis-
tance from the central venous circulation.

The veins of the human body are generally thin-walled vessels with very little
smooth muscle. This allows veins to collapse and expand easily to accomodate changes
in intraluminal pressure. Rapid expansion or contraction of the vessels can occur in
response to changes in fluid status; this ability to accomodate large volumes of fluid
infusion rapidly can be advantageous when treating patients with profound hypovole-
mia. Additionally, veins contain the largest percentage of blood in the cardiovascular
system, called the unstressed volume. The walls of the veins contain alpha-1 adrener-
gic receptors, which contract the veins and reduce their unstressed volume. However,
the extreme collapsibility of the venous system also presents a challenge to clinicians.
For example, patients can present with extreme intravascular depletion, causing their
collapsed veins to become very poor targets for cannulation.

The peripheral venous system is generally divided by the superficial fascia into a
superficial system, and a deep system. Blood from the superficial system drains to
the deep system by way of the perforating veins. The venous system performs two
main tasks: (1) returning blood to the heart; and, (2) storing blood that is not imme-
diately needed. This second task is facilitated by the elasticity of the venous system.
In general, veins are 30 times more compliant than arteries, although vascular
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Fig.2.2 The human
arterial system
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compliance can increase under certain conditions such as pregnancy and nitroglyc-
erin administration [7]. Consequently, veins can accommodate changes in blood
volume and can serve as a beneficial route of medication and fluid administration.
Despite this elastic property, venous obstruction can still occur, with partial or
complete occlusion of the lumen. Such luminal occlusions are characteristic of deep
vein thrombosis. Over 100 years ago, Virchow proposed that venous thrombosis
could be caused by venous stasis, changes in vessel walls, or changes in blood com-
ponents [8]. These venous thrombi are composed of fibrin and red blood cells. In
preparation for a long-term venous access, it is important to support normal cardiac
output and decrease the risk of venous thrombosis. Today, we know that high levels
of some coagulation factors and defects in anticoagulants can also contribute to this
risk. Due to the multitude of factors that can contribute to thrombosis, it is important
to keep a patient’s age, sex, and cardiovascular health in mind during cannulation.
A depiction of the human venous system is provided in Fig. 2.3.
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Cardiovascular Physiology

The cardiovascular system is involved in numerous homeostatic functions that are gov-
erned by the laws of physics and restricted by human anatomy. This system is impor-
tant in regulating arterial blood pressure, delivering hormones to target sites, and in
adjusting to physiologic states such as disease, trauma, or exercise. The left and right
heart have different functions: the left heart and its associated vessels are called the,
systemic circulation, while the right side of the system is collectively called the pul-
monary circulation. The four chambers (two on each side) of the heart function like
rooms in a house, and are separated by valves (like doors). Blood is pushed from one
chamber to another before it is circulated around the body. Furthermore, the two sides
of the heart are arranged in series, allowing for the cardiac output of the left ventricle to
equal the cardiac output of the right ventricle. In its normal steady state, the cardiac
output from the heart should equal the amount of blood returned to the heart.

One can think of the cardiovascular system as a complete circuit within the
body. Oxygenated blood from the lungs flows through the left atrium into the left
ventricle via the mitral valve. Blood is then ejected from the left ventricle into the
aorta via the aortic valve. The volume of blood ejected from the left ventricle per
unit time is called the cardiac output. The blood is distributed throughout the arte-
rial system and to various organs. Unlike the heart in isolation, the organ systems
are arranged in parallel, which allows for the distribution of cardiac output to vary
among the organ systems. For example, muscles will require more energy during
intense aerobic exercise in order to meet increased metabolic demand. At the end of
the circuit, the blood is collected in the veins and is returned to the right side of the
heart. Since the pressure in the vena cava is higher than in the right atrium, the
atrium can fill with mixed venous blood. This is termed “venous return to the right
atrium,” which equals cardiac output from the left ventricle. Eventually, this blood
flows into the right ventricle through the tricuspid valve and is ejected into the pul-
monary artery to become oxygenated once again. The cycle then repeats again.

The anatomy of the human cardiovascular system is depicted in Fig. 2.4. The
circulatory system is depicted here with arrows representing blood circulation in the
body. Blood takes many parallel paths from the left to the right heart. It can flow
through arrangements in parallel and series paths, and even mix deoxygenated
blood with oxygenated blood bound for the systemic arteries.

Other Physiological Considerations

Aging brings with it many physiological and morphological changes that can alter
cardiovascular function. As life expectancy around the world increases, pathologi-
cal conditions and age-related illnesses have become more prevalent. Vascular aging
leads to an overall senescence of the vascular endothelium [9]. Functionally, the
arteries become more calcified, and lose their elasticity, contributing to overall
reduction in arterial compliance. Therefore, elderly patients require special consid-
erations in the placement of VADs, especially in emergency situations.
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Another point of consideration relates to vascular access during pregnancy.
Pregnancy is a dynamic process full of adaptive changes to accommodate for fetal
growth and development. In the systemic vasculature and kidneys, vasodilation
occurs as early as 5 weeks’ gestation [10]. A characteristic decrease in blood pres-
sure typically occurs early in pregnancy, while total blood volume, plasma, and red
blood cell mass increase significantly. Chronic venous insufficiency is common dur-
ing the third trimester, and venous thromboembolism affects pregnant women
nearly five times more than non-pregnant women [11]. Thus, for pregnant patients,
clinicians should choose the smallest and least invasive device, with the fewest
lumens possible, to minimize the risk of thrombotic events.

The skeletal system should also be considered in terms of the anatomy and physi-
ology of vascular access. Long bones are richly vascular, with a dynamic circula-
tion. These bones can accept large volumes of fluid and transport drugs to the central
circulation. Within the bone cavity, medullary venous sinusoids drain into a central
venous channel. These sinusoids accept fluids and drugs during IO infusion. The
medullary cavity itself is rigid and capable of accepting these infusions even during
times of profound shock or cardiopulmonary arrest [12].

The Physics of Flow

Understanding the laws of physics as they apply to the cardiovascular system allows
for better vascular access placement techniques. Blood flow throughout the body is
measured as the rate of blood displacement per unit time. As previously discussed, the
blood vessels of the body vary in terms of diameter, cross-sectional area, and elasticity.
As a simplified relationship, the velocity of flow can be considered by the equation
v=Q/A. Here, v (velocity of blood flow in cm/s) is equal to Q (flow in mL/s) multiplied
by A (cross-sectional area in cm?). Nutrient exchange is optimized across the capillary
wall in part because of the low velocity of blood flow within the capillary beds.

The success of intravenous cannulation depends heavily upon pressure gradients.
The Law of Laplace has important consequences beyond basic physiology and is
directly related to the pulmonary system and vascular access (Fig. 2.5). According
to Laplace’s equation, the tension (7) in a hollow cylinder (e.g., blood vessel) is
directly proportional to the cylinder’s radius (r) and the pressure (p) across the wall
caused by the flow inside, according to the equation: 7'= p x r [13]. Though over-
simplified, this equation illustrates how tiny, thin-walled capillaries can withstand
surprisingly large pressures because of their tiny radii.

Vascular phenomena are further explained by Poiseuille’s Law, which states that
the flow (Q) of fluid through a cylinder is determined by the viscosity (1) of the
fluid, the pressure gradient across the tubing (P), and the length (L) and radius (r) of
the cylinder as: Q = (zPr*/8yL) (Fig. 2.6). If one considers the vascular access
device as a cylinder, it becomes quickly apparent that the rate of flow through a
catheter is improved by increasing the pressure gradient (e.g., pressure bags),
increasing the radius of the catheter (e.g., selecting a larger-bore catheter), decreas-
ing viscosity of the infused fluid (e.g., saline versus blood), or decreasing catheter
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length [14]. Put simply, the physics of flow through cannulae inserted into human
blood vessels depends primarily upon the intraluminal radius and length of the cath-
eter. In general, fatter and shorter catheters produce greater flow rates. This law does
include a few assumptions, such as (1) assuming laminar flow, (2) assuming the
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fluid is in a steady state, and (3) assuming the fluid is viscous so that neighboring
fluid sheets create frictional forces. This powerful relationship shows that when the
radius of a blood vessel decreases, its resistance increases by the fourth-power. For
example, if the radius of a blood vessel decreases by one-half, the resistance
increases by 16-fold. Understanding these basic fluid mechanics can optimize vas-
cular access and allow for proper IV transfusion — from choosing the appropriately
sized needle to maintaining a good flow rate of fluids.

Of course, other factors can influence the rate of forward flow that can be
achieved through a catheter. For example, valves within the veins produce increased
resistance to forward flow, and the presence of venous valves will diminish the real-
ized flow rate from that predicted by these laws of physics. Some vascular flow
regions may also be subject to increased turbulence (due to odd angles or the pres-
ence of vascular branches) and other forces resulting from the pumping action of the
heart, or external forces such as extrinsic pressure from the surrounding soft tissues.
A patient’s intravascular hydration status will also affect the fluid flow rate.
Dehydration increases blood viscosity, but hypovolemia also lowers intraluminal
pressure within the venous system, reducing resistance to flow. While arterial sys-
tems do generally have a positive pressure, venous systems typically have a negative
pressure which will tend to pull fluid into the vasculature. Vasomotor tone, which
can alter the ability of a vessel to accommodate increased blood volume, also affects
intraluminal blood pressure and the intrinsic resistance to flow into the target vessel.

Consequently, a patient’s hydration status, as well as the vasomotor tone dictated
by the type and degree of circulating adrenergic hormones, will alter the realized
flow rate through a cannula that can be achieved by the provider. The radius of the
target vessel is also an important determinant of resistance and flow, since larger
vessels are more likely to have greater negative pressure and less resistance to for-
ward flow. The presence of blood clots or other intraluminal barriers to flow may
also hinder the forward progression of fluids and medications. All these factors
should be considered when selecting the appropriate cannula and target vessel.

Vascular anatomy is arranged in both in-series and in-parallel configurations
(Fig. 2.7). The relative contribution of each segment (e.g., arterioles and capillaries)
to the total resistance across the system determines how changes in resistance within
a specific segment will affect total resistance across the vascular system. Within the
human cardiovascular system, arteriolar segments have the highest relative resis-
tance and thus changing resistance in the arteriole segment will exert the greatest
possible effect on total resistance. In fact, arterioles and arteries constitute about
70% of the total vascular resistance through most organs [15]. The total resistance
(Rpor) to flow across a bed of four hypothetical arterioles arranged in a parallel
fashion (as depicted in Fig 2.7) can be related to the resistance of the individual
arterioles by the equation: 1/Rp,,; = 1/R; + 1/R, + 1/R5 + 1/R,.

Human blood flow is generally laminar. However, under “high-flow” conditions
(such as in the ascending aorta), or in the presence of stenosis and partial vascular
obstruction, blood flow can become quite turbulent. The Reynolds number is a
dimensionless value that offers a means of measuring this degree of turbulence. The
Reynolds number formula is expressed by: R, = pVL/u, where p = density of the
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fluid, V = velocity of the fluid, u = viscosity of fluid, and L = length of the fluid [15].
When R, < 2000, flow is considered laminar. If R, > 4000, flow is considered turbu-
lent. Clinically, the Reynolds number can be increased by decreasing blood viscos-
ity, increasing the velocity of blood flow, or narrowing the blood vessel [15].
Thrombi (i.e., intraluminal blood clots) can narrow the diameter of a blood vessel,
increasing the Reynolds number.

Clinically, Korotkoff sounds (produced by turbulent blood flow) are used in the
measurement of blood pressure. Although these sounds are very low frequency
(25-50 Hz), they are audible in a quiet room. Low-flow states will diminish the
intensity of Korotkoff sounds, creating a tendency to underestimate the systolic
blood pressure for patients in low blood-flow states.

The viscosity of blood is also important. The word “viscosity” derives from the
Latin viscum, meaning “thick glue.” Viscosity is the material property relating vis-
cous stresses in a material to the rate of change of deformation. Put simply, the
viscosity of a fluid is how well it resists deformation at a given rate. Hematocrit
values, plasma fibrinogen, and erythrocyte deformability are the most important
factors affecting blood viscosity [12]. Intraluminal resistance increases directly
with increased viscosity of the material being infused through the IV catheter. For
example, medications, fluids, and blood all flow more slowly when they are cold,
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due to increased viscosity. Warming fluid before infusion not only prevents iatro-
genic hypothermia but also increases the rate of infusion by decreasing the fluid’s
viscosity.

When assessing sources of resistance to flow, providers should consider the
length of the tubing connecting the catheter to the source of medication or fluid
(e.g., the bag). Although pressurized infusion may help to increase rates of flow,
excessively long IV tubing will diminish this advantage by increasing total resis-
tance within the delivery system. Similarly, different types of connectors between
the IV tubing and the catheter will be associated with differing amounts of resis-
tance to flow. Hand-syringing fluids or medications into a catheter can produce
much higher infusion rates than other modalities, due to both the short distance
between the syringe and the catheter as well as the high infusion pressure generated
by the syringe itself.

Vascular Access Devices

In its simplest form, a vascular access device (VAD) consists of three components:
the tip, the cannula (or shaft), and the hub. The tip is the most distal portion of the
catheter, where substances infused through the catheter enter the target vessel. At
the proximal end of the device, the hub is the portion of the catheter that interfaces
and connects with the IV tubing. The cannula is that middle cylindrical portion of
the catheter located between the tip and the hub (Fig. 2.8).

In general, the radius and length of the cannula are the primary determinants of
flow through a catheter. Providers (unlike physicists) generally describe the radius
of a catheter using the diameter, which is equal to twice the radius. One system of
describing the intraluminal diameter of a catheter is the “gauge” system developed
for wire sizing in the nineteenth century by Peter Stubs. The gauge system operates
on a descending scale, as opposed to the French scale, which ascends [16]. In other
words, wider catheters have a smaller gauge.

The “French” scale (a.k.a., Charriere’s system) describes the size of a catheter
by its outer diameter. Each increment of the French scale equals 0.33 mm. Whether
dealing with a single-lumen or a multi-lumen catheter, the French system can still
be used. However, a catheter’s French size does not specify the intraluminal diam-
eter of the catheter. For this reason, the gauge of a catheter is much more important
in predicting flow rates than the catheter’s French size. A comparison of the mea-
surements associated with standard peripheral intravenous (PIV) catheters is pro-
vided in Table 2.1.

Tip Cannula Hub

Fig. 2.8 Components of a generic vascular catheter
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Table 2.1 Comparison of
gauge and French measure-
ment systems

Proximal port  Distal port
(18 gauge) (16 gauge)

A\~

Suture wing

Gauge Width (mm) French equivalent (Fr)

26 0.7
24 0.8
22 0.9
20 1.1
18 1.3
16 1.7
14 22
Medial port
(18 gauge)

P

| /<

Distal outlet (tip) ——

/— Medial outlet

Proximal outlet —/

Fig. 2.9 Components of a generic CVC, including cross-sectional depiction of various lumen

configurations

The distinction between a catheter’s gauge and French size is especially impor-
tant when assessing the performance of a multi-lumen catheter, such as the standard
triple-lumen central venous catheter (CVC). While the French size (i.e., outer diam-
eter) determines how much space the catheter will occupy within the target vessel,
it is the gauge (i.e., intraluminal diameter) that predicts resistance to flow through
the device. This can become especially complicated when using multi-lumen CVC
lines, since each lumen has its own hub and outlet into the vessel, as well as its own
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length and gauge (including the associated resistance to flow). Figure 2.9 demon-
strates the components of a generic CVC, including examples of commonly encoun-
tered variations in luminal size and shape.

Conclusion

In this chapter, we have discussed some of the fundamental concepts of vascular
physics and physiology relevant to providers in selecting and placing vascular
access devices. We have explored the anatomy of the cardiovascular system and
how arteries and veins contribute to the vascular tree. We traced the path of blood
through the circulatory system and discussed the various properties of the vessels in
this circuit, considering human physiology in relation to vessel structure and func-
tion. We further discussed the changes in vascular physiology with regard to aging,
pregnancy, and the influence of the skeletal system. We also related several funda-
mental laws of physics governing blood flow. Finally, we have described the com-
ponents of a vascular access device and considered their variations in size and
shape. By better understanding vascular physics and physiology, providers can be
more equipped to select the proper location and appropriate vascular access device
for safe and effective cannulation of a target vein.

Key Concepts

e A basic understanding of the physics and physiology of the human vascu-
lar system provides many important insights to successfully placing venous
access devices.

e The human cardiovascular system contains both arterial and venous chan-
nels, allowing for numerous sites for cannulation, each with its own rela-
tive advantages and disadvantages.

* Physiological changes such as aging, elasticity of vessels, pregnancy, and
metabolism all influence the placement of venous access devices.

* Certain laws of physics, such as The Law of Laplace, Poiseuille’s Law, and
Reynolds number should all be understood and considered by providers
when assessing sites for vascular access.

* Vascular access devices consist of three basic components: tip, cannula,
and hub.

* When selecting the appropriate venous access catheter, providers must
consider multiple device characteristics, including the catheter’s gauge and
French size.
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Introduction

Peripheral intravenous (PIV) catheters are the most common lines placed by pro-
viders treating emergent patients. Because of this, the landmark-based PIV line is
often considered to be the “gold standard” by which other vascular access attempts
are measured. We feel that mastery of the landmark-based PIV insertion is essential
for all providers who wish to provide venous access for patients under emergent
conditions.

As described in Chap. 2, the venous system is composed of both central and
peripheral veins. Peripheral veins emanate from the central veins, much like the
branches of a tree. Access to these peripheral veins may be compromised by factors
reducing blood flow to the extremities, including the human body’s normal response
to hypotension. Because peripheral veins have a less pronounced vasomotor
response to circulating adrenergic factors, due to their relative lack of smooth mus-
cle as compared to arterial vessels, they are likely to be collapsed in states of low
intravascular volume.

Under emergent conditions, when hypovolemia and hypotension are likely pres-
ent, blood flow to the lower extremities may be inordinately compromised [1].
Although blood flow to the upper extremities may also be somewhat compromised
under such conditions, we suggest that the optimal peripheral veins to target in the
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unstable patient are in the upper extremities. Thus, the peripheral veins of greatest
interest to the emergent provider will be found in the neck, torso, and upper
extremities.

Peripheral Intravenous Catheter Design

Peripheral intravenous catheters have traditionally been composed of polytetrafluo-
roethylene (PTFE), specifically Teflon® materials, although superior materials have
recently been introduced into the market. The polyurethane biomaterial Vialon®
appears to possess a substantially higher tensile strength than traditional materials
[2], and clinical studies have shown reduced incidence of phlebitis and longer dwell
times when compared to Teflon® [3, 4].

The parts of a generic PIV catheter include the hub, cannula, and tip. Infused
substances enter the catheter at the hub end, travel through the cannula, and egress
from the catheter tip into the vessel lumen (Fig. 3.1).

As described in Chap. 2, the radius and length of the cannula are the primary deter-
minants of flow through a catheter. In general, wider and shorter catheters provide less
resistance to flow and are therefore capable of higher flow rates (typically measured
in milliliters/minute). The radius of the catheter is reflected by the gauge of the PIV
catheter, which is a measure of the internal (i.e., intraluminal) cross-sectional diame-
ter of the cannula. The most common gauges of PIV catheter are listed below in
Table 3.1, along with their usual characteristics. Differently gauged PIV catheters
typically have differently colored hubs, to aid in easy identification during clinical
use. The gauge number is inversely related to the diameter of the cannula and usually

Tip Cannula Hub

Fig.3.1 Components of a PIV catheter

Table 3.1 Characteristics of common PIV gauges [5-8]

Gauge Hub color Cannula width (mm) Cannula length (mm) Gravity flow rate (mL/min)
26 0.7 19 ~10-15

24 Yellow 0.8 19 ~20

22 | Blue  [UBY 25 ~22-50

20 Pink 1.1 32 ~60-80

18 Green 1.3 32-45 ~80-120

16 1.7 45 ~150-240

14 Orange 2.2 45 ~240-300
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also inversely related to catheter length. In other words, larger gauge catheters have a
smaller internal diameter and usually have a shorter cannula length. It should be noted
that the approximate flow rates provided in Table 3.1 are for in vitro water infusion
with gravity and would be expected to be slower for more viscous substances (e.g.,
blood, albumin) and faster with pressure bag application [5-8].

In the emergent setting, an 18- or 20-gauge PIV catheter is generally preferred,
to permit efficient fluid volume infusion. Keep in mind that larger-diameter PIV
catheters may inordinately occlude venous flow around the catheter, while smaller-
diameter PIV catheters may provide inadequate flow rates.

Another consideration with larger-gauge (e.g., 14-, 16-, and 18-gauge) PIV cathe-
ters is the rigidity of these cannulae. Since they are thicker and less flexible, these
catheters may perform better in areas characterized by thick or severely scarred soft
tissues. When targeting an insertion site demonstrating extensive scarring, the provider
should weigh this potential advantage against the need to use the smallest-gauge PIV
catheter adequate for the patient’s needs. When first learning techniques for PIV access,
a familiarity with the larger catheter gauges is important. Once placement of the larger
devices has been perfected, use of the smaller catheters will come easily. Providers
should feel confident in their ability to place a large-gauge PIV in the emergent patient.
When limitations due to smaller vessels or suboptimal location are encountered, the
smaller-gauge devices can be a fallback for life-saving measures. Whatever the choice,
any access is better than no access under emergent conditions.

Although some variation exists in the design and safety features present in mod-
ern devices, a generic safety PIV catheter would include certain features: activation
button, safety barrel, flashback chamber, projection finger grip, PIV cannula (i.e.,
catheter) with push-off tab and colored hub, and the guidance needle. The activation
button will cause retraction of the guidance needle after penetration of the target ves-
sel has occurred, which leads to retraction of the needle into the safety chamber. This
chamber shrouds the needle once it has been retracted, to reduce the risk of inadver-
tent provider injury following cannulation. The guidance needle is located at the
interior of the catheter and includes a beveled tip which is used to penetrate the target
vessel. Once the tip of the needle has entered the vessel, blood will be seen entering
the flashback chamber (in larger catheters), although larger-gauge (i.e., smaller
diameter) catheters may not have a flashback chamber, so blood may instead be seen
entering the catheter lumen after successful penetration of the vessel. The projection
grip is a prominence of the catheter-needle complex which promotes optimal control
of the complex during needle insertion, while the push-off tab (a part of the catheter
itself) gives the provider a point of traction on the catheter for advancing the catheter
over the guidance needle during cannulation. Some catheters (especially those used
for pediatric patients) may have “wings” emanating from each side of the hub which
promote more stable anchoring of the catheter once it has been properly inserted. The
cannula usually has a tapered tip, which promotes minimal injury to the target vessel
with insertion. Because modern PIV catheters are tapered at the tip, it is not recom-
mended to trim PIV catheters before placement, as this will remove the tapering at
the tip and will increase the risk of vascular injury during insertion attempts.
Figure 3.2 illustrates these features of modern safety PIV catheters.
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In addition to standard “short” PIV catheters, extended-length standard PIV
catheters are also available. These longer catheters may be utilized for US-guided
techniques or for cannulation of deeper veins, such as the external jugular (EJ) vein.
It should be noted that the cannula length is not equivalent to the entire catheter
length, as the cannula length only refers to the length of the portion of the catheter
that is deep to the skin surface with placement, and does not include the length of
the hub. For example, Fig. 3.3 shows a standard 18-gauge 30-mm (1.16-inch) short
PIV safety catheter compared to the extended-length version of the same catheter,
which features a 48-mm (1.88-inch) cannula. The only difference between these
catheters is the length of the cannula and safety barrel.

Technique for Landmark-Based PIV Placement
In general, the steps required for placement of a peripheral intravenous catheter
should be similar regardless of the specific catheter and location selected. These

steps include:

1. Provider preparation
2. Insertion site selection
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3. Tourniquet application
4. Site targeting and sterilization
5. Puncture of targeted vessel and tourniquet release
6. Confirmation of back flow
7. Needle retraction and vein occlusion
8. Heplock/infusion tubing attachment
9. Catheter flushing
10. Dressing application
11. Catheter stabilization
12. Assessment of catheter infusion

1. Provider preparation includes attention to standard antiseptic techniques.
Providers must wash hands with warm water and soap prior to PIV insertion and
wear appropriately fitted gloves. The provider should also adequately confirm
the patient’s identity and consider any patient preferences or contraindications
for PIV insertion sites. Relative site contraindications for PIV placement are
discussed later in this chapter. When possible, the risks and benefits of PIV inser-
tion should be reviewed with the patient, and the patient should be made aware
of the need and indication for PIV insertion. Emergency providers should
remember that PIV attempts will likely be uncomfortable to the sensate patient.
Patients should reasonably expect the provider to establish PIV access quickly,
with minimal patient discomfort, and they may also have personal preferences
about the location or type of PIV insertion that should be attempted. Of course,
it is not always possible to accommodate all patient requests, especially if the
patient’s preferred access site or device would not be adequate for the type and
level of care required. The provider should carefully assess the patient’s thera-
peutic needs with PIV insertion and determine the appropriate gauge of PIV
likely to be required for adequate patient care.

Provider comfort and safety are of paramount importance. Providers should
assume that all patients have an infectious disease and avoid splash exposure to
blood. When preparing to place a PIV, the emergency care provider must guard
against needlesticks and awkward angles, by positioning the targeted venous access
site at a level of comfort for the provider, so that the provider will not be strained
during the cannulation attempt. The provider should sit down, when possible, and
remain as close as possible to the patient. Ideally, PIV insertions should be attempted
with the target site near the provider’s waist level. In the ED or hospital setting,
providers should ensure that the bed rail opposite to the access attempt is up before
elevating the bed, and providers should never leave a bed raised when stepping
away from the patient. Patients can sustain serious injuries with a fall from the bed
if left unattended. If patients are uncooperative or disoriented, providers should
obtain help from other healthcare providers in restraining the patient to avoid injury
to the provider and the patient during the vascular access attempt.

During this phase of preparation, the provider should gather any needed equip-
ment for PIV insertion, including sterile 2x2-inch sterile gauze, a transparent
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Fig. 3.4 Supplies required for PIV catheter insertion

semipermeable dressing, IV extension tubing, a prefilled normal saline flush syringe,
an elastic tourniquet, a 70% alcohol wipe or chlorhexidine antiseptic swab, and
clear 1-inch transpore tape. These supplies should be brought to the patient’s bed-
side and made easily accessible prior to initiation of the PIV insertion attempt.
Figure 3.4 shows the supplies needed to perform PIV insertion.

2. Insertion site selection should be guided by the patient’s medical condition and
a thorough examination of the patient. When high-volume infusion is needed,
providers should seek to target the largest, most proximal veins available, espe-
cially those in the AC fossa or the EJ vein. On the other hand, if a smaller-caliber
vein is adequate, it is best to start distally on the extremity, since a blown proxi-
mal vein may limit options more distally. If attempts on distal sites fail, the
provider can always move more proximally.

Once the target vein has been selected, the vein should be palpated to identify
sclerosed or hardened veins (which may be suboptimal), or areas where venous
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valves are located (which may feel like “bulges” in the vein). The provider must feel
that cannulation is likely possible before attempted catheter insertion. This phase of
preparation is especially important and should be given adequate time to complete,
given the great importance of target vein selection to ultimate cannulation success.
Once the desired target vein has been identified, providers should optimize their
chance of success by ensuring proper patient positioning and ensuring adequate
lighting of the area targeted for insertion. Considerations for proper selection of a
target vein will be discussed later in this chapter.

3. Tourniquet application is generally applied 10-15 cm proximal to the desired
insertion site and is intended to engorge the target vein to facilitate easy cannula-
tion. Once the target vein has been cannulated, the tourniquet should be released
immediately. In general, tourniquet placement should be above the elbow.
However, in certain patients it may be desirable to place the tourniquet below the
level of the elbow, especially if there is a significant amount of adipose tissue on
the upper arm. Excessive adipose tissue may prevent the tourniquet from achiev-
ing its goal of restricting venous blood flow. The location of tourniquet place-
ment should be informed by the amount of adipose tissue identified at the site at
which the tourniquet is applied. For extremely fragile veins, it may be best to
avoid the use of a tourniquet at all, to minimize the risk of a “blown” vessel.

Although elastic latex tourniquets are most commonly used for this purpose, an
adequately inflated manual blood pressure cuff can provide similar vein engorge-
ment. The use of two elastic tourniquets (spaced at least one inch apart) may offer
additional benefit, but conflicting evidence exists. If the single tourniquet is ade-
quately tightened, the one-tourniquet approach should be sufficient. Tourniquets
should not be left tightened for more than 60 seconds, to prevent ischemic injury
and pain through reduced perfusion of the distal extremity. If necessary, apply the
tourniquet to identify the target vein, and then release the tourniquet while prepar-
ing for insertion and reapply the tourniquet(s) when ready to cannulate. Dependent
positioning of the extremity will also aid in vein engorgement by leveraging the
effects of gravity on venous return. Tapping or slapping the PIV site should be
avoided, as this can cause trauma to the area, although vigorous rubbing or firm
palpation of the target veins can create the same vein engorgement without such
deleterious effects. Palpation should be done with the non-dominant hand. If the
vein “rolls,” the dominant hand will be occupied by the PIV cannula, so it is most
efficient to be able to palpate with the non-dominant hand while redirecting the
catheter with the dominant hand.

“Fist-pumping” by the patient may engorge the vein but can also lead to pseudo-
hyperkalemia (i.e., falsely elevated potassium level on serum testing), so this prac-
tice should be avoided.

4. Site targeting and sterilization are the next steps in PIV insertion. Sterilization is
performed with a 70% alcohol wipe or chlorhexidine antiseptic swab for at least
30 seconds, to reduce the risk of iatrogenic contamination of the PIV insertion
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site by native skin flora. The recommended cleansing technique is in an abrasive
“back and forth” and “up and down” motion for 30 seconds along the path of the
target vein, not in a circular motion from the inside-out at the target site. It is
important to allow the skin at the target site to completely dry after application
of a sterilizing agent, and the provider should not touch the targeted insertion site
again after the area has been sterilized.

. Puncture of the targeted vessel can be attempted after the insertion site has been

identified and adequately sterilized. The PIV catheter should be gripped firmly
in the dominant (“‘active””) hand with the middle finger and thumb placed on each
side of the catheter hub, as illustrated in Fig. 3.5. The pointing finger of the
dominant hand (when using the one-hand technique) should be left available to
advance the catheter once the vessel has been cannulated. The provider’s non-
dominant (“free””) hand is used to apply skin traction 4-5 cm distal to the inser-
tion site, thereby stabilizing the vein and insertion site. Care should be taken to
avoid contaminating the insertion site during this step. Improper free hand posi-
tioning while providing traction can obstruct needle insertion or place the pro-
vider at increased risk for needlestick injury. For example, placement of the
non-dominant thumb too close to the insertion site may force an inappropriately
large angle of insertion during the PIV attempt, as depicted in Fig. 3.6.

The needle should puncture the skin with its bevel facing upward (i.e., pointed

toward the ceiling), usually at an angle of 15 to 20 degrees relative to the plane of

Fig.3.5 Dominant hand
position with PIV
insertion. (Image courtesy
of Jeffrey Eichenlaub RN)

Fig.3.6 Improper
non-dominant thumb
interference with PIV
insertion. (Image courtesy
of Jeffrey Eichenlaub RN)
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Fig. 3.7 Recommended
“bevel-up” needle
positioning

Fig.3.8 Recommended
PIV needle insertion angles 45°

during skin puncture
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the extremity. Proper bevel placement is depicted in Fig. 3.7. The range of insertion
angles typically used is depicted in Fig. 3.8. In general, the angle of insertion should
be kept at 15 and 30 degrees relative to the projected plane of the target vessel, as
depicted in Fig. 3.8. When deciding upon a skin puncture angle, the lower the angle,
the better. Excessive angles of insertion (especially those above 45 degrees) risk
injury to the vessel wall (Fig. 3.9). As illustrated in Fig. 3.9, excessive angles of
insertion for the PIV catheter are more likely to lead to unintentional penetration of
the deep wall of the vein, leading to inability to cannulate the vessel and increased
likelihood of extravasation and line failure. Of course, the precise angle of skin
puncture used (normally ranging from near-zero to 35 degrees) will depend upon
limb positioning and the presence of nearby anatomical structures, as well as the
predicted fragility and depth of the target vessel. Deeper veins (e.g., AC fossa, or
when utilizing ultrasound for guidance) will require a greater angle of insertion,
while tortuous, fragile, or superficial (e.g., hand or forearm) veins often require a
shallower angle of insertion (Fig. 3.10).

Emergency care providers should ensure that the direction of insertion for the
PIV catheter points proximally toward the heart. If a PIV catheter is placed “back-
ward” (i.e., directed away from the heart), the placement will be associated with
increased risk of infiltration and/or extravasation.
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Fig. 3.9 Improper
(excessive) insertion angle
for skin puncture

15°

Fig.3.10 Angle of
insertion utilized with PIV
insertion at the level of the
forearm. (Image courtesy
of Jeffrey Eichenlaub RN)

|

Both one-handed and two-handed PIV insertion techniques can be utilized, pri-
marily distinguished by which hand is used to advance the PIV catheter after can-
nulation. Hand positioning with these techniques is illustrated in Figs. 3.11 and 3.12.

The one-handed method is usually preferred, as it frees the non-dominant hand
to provide continued traction and stabilization of the targeted insertion site during
the access attempt. The non-dominant hand is then available for immediate occlu-
sion of the vein just proximal to the insertion site, while the needle is retracted and
heplock is picked up and connected to the hub. The two-handed technique will be
suboptimal when patient movement or other environmental factors make stabiliza-
tion of the insertion site difficult. The experienced emergency care provider should
be comfortable with utilizing either the one-handed or two-handed approach, as
conditions warrant.
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Fig.3.11 One-handed
PIV insertion technique.
(Image courtesy of Jeffrey
Eichenlaub RN)

Fig.3.12 Two-handed
PIV insertion technique.
(Image courtesy of Jeffrey
Eichenlaub RN)

When opening the catheter, it is best to break the seal between the catheter and
needle hub so that the index finger of the dominant hand can freely move the tip.
While inserting the needle tip, the provider must hold the PIV catheter securely and
be guarded against any movement or disruption by the patient. The speed of inser-
tion will depend upon the depth of the targeted vessel, as patient movement can
substantially disrupt the access attempt. In general, deeper vessels should be can-
nulated as fluidly and swiftly as possible, while more superficial or delicate veins
may benefit from a slower, more deliberate insertion.

While the PIV catheter is still loaded on one guidance needle, a small (1-2 mm)
distance exists between the beveled tip of the needle and the distal tip of the PIV
catheter. This relationship is illustrated in Fig. 3.7. When cannulating the vein, the
provider must advance the needle-catheter complex just far enough so that the cath-
eter tip is in the lumen, but not so far that the bevel is poked through the opposite
side of the vessel. This provides only a small margin of error for the provider when
targeting small-caliber veins.

Nursing textbooks and guidelines describe the “direct” and “indirect” methods
for PIV insertion [9]. The distinction between these two methods is the number of
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steps required and the aspect of the vein that is punctured. With the direct method,
the provider punctures the skin and the superficial aspect of the vein at the same
time. Thus, the cannula exits the superficial aspect of the vein, adjacent to the skin
surface. With the indirect method, the provider first punctures the skin adjacent to
the vein and then redirects and punctures the side of the vein. Thus, the cannula exits
the side of the vein. The angle of skin puncture (relative to the plane of the vein)
should be approximately 30 to 40 degrees using either method [9].

6. Confirmation of back flow will be obtained immediately after cannulation and
release of the tourniquet, as blood should flow out from the properly placed PIV
catheter and directly into the flash chamber. The provider may also feel a “pop-
ping” sensation, associated with a sudden change in resistance, once the needle
tip has penetrated the vessel. This loss of resistance suggests that the tip of the
needle has left the soft tissues and entered into the vessel lumen, as blood is less
dense than the surrounding tissues and offers less resistance. Once this “flash”
of blood has been observed, the angle of insertion should be dropped immedi-
ately by a few degrees. Failure to drop the angle of further insertion after this
initial flash will increase the risk of penetrating the opposite vessel wall, leading
to extravasation and line failure, or may spear the catheter on the beveled tip of
the needle leading to catheter damage. After dropping the angle of insertion, the
needle-catheter complex is advanced another 1-2 millimeters, just enough to
ensure that the tip of the PIV catheter remains within the lumen of the target
vein. If this forward movement is met with resistance, the catheter tip is likely
not in the lumen of the target vessel. If this resistance is encountered, the pro-
vider should not attempt to advance the needle tip further into the vessel. The
provider should either retract the needle tip 1-2 millimeters (if the tip is believed
to be too deep) or advance it 1-2 mm further (if considered too shallow) and
then re-attempt cannulation. Once the provider believes that the tip of the nee-
dle is within the vessel lumen, the index finger of the dominant hand (if using
the one-handed technique) is then used to carefully advance the PIV catheter
into the lumen of the vessel. When cannulation is successful, venous blood
should be noted to flow freely from the catheter.

7. Needle retraction and vein occlusion should be performed once the provider
has confirmed adequate intraluminal catheter placement through observed con-
tinued blood flow through the catheter following insertion. In this step, the pro-
vider retracts (i.e., decannulates) the needle from within the catheter and applies
firm pressure to the skin just proximal to the insertion site with the index finger
of the non-dominant hand to occlude the venous lumen and reduce further
blood flow from the catheter. This will facilitate connection of the IV extension
apparatus to the hub of the PIV catheter.

8. Heplock/infusion tubing attachment is performed after the catheter has been
placed and is believed to be in good position without suspicion for misplace-
ment. Continued blood flow from the catheter hub may be an indicator of good
positioning within the vessel lumen. Care should be taken to avoid touching the
hub or connector portion of the infusion tubing with the gloved hand, as this
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may contaminate the catheter with skin flora. It is also important to stabilize the
catheter during attachment of the infusion tubing, to avoid inadvertent dislodge-
ment of the catheter during this step.

Catheter flushing is performed once the catheter has been adequately positioned
and the needle has been retracted. The provider should flush the catheter with a
prefilled 3-mL or 10-mL normal saline flush to confirm that immediate extrava-
sation of the infused saline into the tissues surrounding the target vein does not
occur. If the vein has been properly cannulated, catheter flushing should be
painless, without swelling or extravasation of the adjacent soft tissues. However,
the vein just proximal to the insertion site will normally blanch and cool slightly
due to infusion of the saline solution. If swelling of the soft tissues in this area
is observed, the vein is likely ruptured and the placement attempt failed. Further
infusion will likely yield extravasation of the infused materials and should be
discontinued. Once extravasation has been observed, future attempts at more
distal sites on the same extremity should be avoided. However, if the catheter
appears to be in good position within the vein, without evidence of extravasa-
tion, the catheter should be deemed well-seated and useable for subsequent
infusion.

10. Dressing placement should be performed immediately after appropriate can-

11.

nulation of the target vein has been confirmed. Dressing application is usually
achieved by placing a transparent sterile semipermeable dressing (e.g.,
Tegaderm™) over the insertion site, with the center of the dressing located over
the insertion site. This dressing shields the insertion site from subsequent bacte-
rial infection, maintaining a waterproof barrier that will also allow oxygen to
penetrate for appropriate skin health and wound healing. When the patient is
diaphoretic, a sterile absorptive gauze dressing should be applied to the site
until the diaphoresis is resolved. If the dressing becomes moist, loose, or soiled,
it should be replaced immediately. Certain liquid adhesives (e.g., Mastisol® or
tincture of benzoin) can help maintain dressing integrity while providing an
additional adhesive property. When using liquid adhesives, the provider should
ensure that the liquid adhesive has completely dried after application before
applying the overlying dressings. It is worth noting that these liquid adhesives
may be more commonly utilized in the ICU setting or with PICC and midline
catheters but can be utilized with PIV catheters.

Catheter stabilization is a critical final step in the placement of PIV catheters.
The intention of PIV catheter stabilization is to reduce movement at the inser-
tion site, to prevent inadvertent dislodgement of the catheter. An engineered
stabilization device (ESD), placed subcutaneously or topically after PIV place-
ment, is recommended to reduce these risks [9]. Cyanoacrylate tissue adhesives
(e.g., Dermabond® or Histoacryl® or ESDs (e.g., “wings”) incorporated into
the catheter hub are the standard recommended measures for catheter
stabilization.

12. Assessment of catheter infusion should be performed immediately after inser-

tion of the catheter and intermittently following catheter insertion. Drip rates
can be used to estimate fluid flow rates. Drip chambers come in two types:
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Table 3.2 Drip volumes Drip set Drip volume (mL/gtt)
according to drip set Macro (10 gtt/mL) 0.10
utilized [10] Macro (12 gtt/mL) 0.0833

Macro (15 gtt/mL) 0.0666

Macro (20 gtt/mL) 0.05

Micro (60 gtt/mL) 0.0166

macro drip sets (ranging from 10 to 20 drips (gtt)/mL) or micro drip sets (60
drips (gtt) / mL). By counting the number of drips in the chamber over one
minute, one may estimate the corresponding infusion flow rate according to the
following formula:

Flow Rate (mL / min) = Drip Rate ( gtt/ min) x Drip Volume (mL / glt)

In this formula, the Drip Volume has a constant value, which is determined by the
type of drip set utilized. The corresponding Drip Volume (mL / gtt) values needed
for this calculation are found in Table 3.2.

Providers should periodically observe the drip rate in the IV tubing chamber to
determine whether the infusion rate is appropriate. If the provider observes that the
drip rate is lower than expected, the catheter and infusion tubing should be inspected
to determine whether the IV line is clamped and/or kinked. Catheters located at
joint creases (e.g., the AC fossa) may be at higher risk of catheter kinkage with
occlusion due to joint flexion, and providers should advise the patient to extend the
joint if drip rates are observed to be lower than expected values.

Common Peripheral Vein Targets

We recommend that emergency care providers seek “any port in a storm” when
attempting to establish vascular access in the “crashing” patient. Even the most
tenuous and hard-fought PIV may have value to critically ill patient under the right
clinical conditions. However, there are certain “ports” that are more likely to be
available to the emergency care provider than others. The wise clinician will know
where to look for these “go-to” access points and should assess the usual and opti-
mal sites first, before deciding to pursue a suboptimal site. Deeper and more proxi-
mal veins are usually of larger caliber, providing a larger target for cannulation as
well as improved rate of flow, when compared to smaller and more superficial veins.
However, deeper veins may also be difficult to visualize and may increase the risk
of complications including line placement failure. Thus, an optimal target for
landmark-based venous cannulation would be an adequately sized vein that is also
identifiable from the skin’s surface. Optimal insertion sites should also offer few
impediments to access, provide adequate blood return, be able to withstand high
infusion pressures, and be associated with minimal risk of complications from line
placement and infusion.
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It is critically important when selecting a peripheral target vein to consider (1)
whether the selected site is likely to last the full course of the patient’s expected
therapy and (2) whether the selected site likely exposes the patient to an excessive
risk of complications.

The Antecubital (AC) Fossa

The most common sites for PIV access in the emergent setting are located within
the antecubital (AC) fossa, which is positioned anterior to the elbow joint. Optimal
target veins in this area, also known as the cubital fossa, include the median cubital,
basilic, and accessory cephalic veins. These veins are illustrated in Fig. 3.13.

The median cubital vein is the largest and most accessible vein for cannulation
within the antecubital fossa. As a result, it is often the “go-to” site for PIV insertion
at the AC fossa. The basilic vein is the next largest but is usually the “last resort” due
to concerns about injuring the underlying brachial artery and median nerve. The
accessory cephalic vein is smaller, more challenging to secure, but remains an
often-accessed vein.

Fig.3.13 Veins of the
antecubital fossa

Biceps brachii
Cephalic vein musf;)le
of forearm
Basilic vein
Median
cubital vein
Basilic vein of
forearm
Cephalic vein
of forearm

Median vein
of forearm
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Although the AC fossa is a commonly utilized site for emergent PIV insertion,
there are several disadvantages to the use of veins in this region. Proximity of the
brachial artery and median nerve (just deep to the basilic vein) complicates cannula-
tion with the risk of injury to these structures. In addition, flexion at the elbow may
cause kinking of the PIV catheter, which will ultimately inhibit forward flow
through the catheter. Patients with a PIV inserted at the AC fossa should be instructed
to keep their elbow extended as much as possible during venous infusions, which
may be both uncomfortable to the patient and difficult to maintain during prolonged
infusions. Once inserted, the PIV catheter can compress the median nerve, causing
pain that worsens with elbow flexion.

The Upper Arm

If a PIV insertion site cannot be identified at the AC fossa, landmark-based cannula-
tion of an upper arm vein may still be possible. Proximal to the elbow, the provider
may be able to visualize and palpate the basilic vein or an accessory vein in the
upper arm. These veins are large and have the same desirability for cannulation as
the AC region. Unlike more distal peripheral targets, upper arm veins are usually
straight, out of the way, and not very positional with patient movement. However,
access to these veins can present a challenge to novice providers due to the angle for
insertion required and increased mobility of the veins. The brachial vein may pres-
ent itself in select patients, but this vein is not always visible on surface landmark-
ing. If the brachial vein is not readily visible, blind placement should not be
attempted, due to the poor reliability of this technique and high risk of iatrogenic
injury to the underlying nerves and arteries.

The Forearm

Distal to the AC fossa, the most commonly accessed veins are the basilic, cephalic,
and median veins, all of which should be accessible on the ventral side of the fore-
arm. The basilic and median veins are located on the medial aspect of the forearm,
while the cephalic vein is generally located more laterally. Understanding that prox-
imal veins are likely larger in diameter and therefore preferable for cannulation,
providers should seek to cannulate the most proximal vein that presents itself to the
provider. The search for a suitable vein should start proximally (i.e., in the upper
arm or near to the AC fossa) with attention turned distally once more proximal veins
have been deemed inaccessible. The commonly accessed veins of the forearm are
illustrated in Fig. 3.14.

The basilic vein is located on the medial aspect of the forearm. This vein is often
easily visualized and palpated but can be difficult to access. When it travels over a
bony prominence, it will be mobile and require firm securement to access. When it
travels over the length of the arm, it is more flexible and may require unique posi-
tioning to access. One approach to accessing the basilic vein is depicted in Fig. 3.15.
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Fig.3.14 Peripheral veins
of the forearm
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Note that the patient’s elbow is flexed and the provider is situated on the medial and
inferior aspect of the forearm.

The supplementary cephalic vein is an often-accessed forearm vein that is large,
straight, and situated at an optimal anatomic insertion site. This is the “go-to” vein
in most trauma resuscitations, as a large (e.g., 14- or 16-gauge) PIV catheter can
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Fig.3.15 Approach to
accessing the basilic vein.
(Image courtesy of Jeffrey
Eichenlaub RN)

Fig.3.16 View of the
cephalic vein. (Image
courtesy of Jeffrey
Eichenlaub RN)

often be accommodated, providing high infusion rates. The most common site
selected for insertion is just proximal to the wrist joint, on the lateral aspect of the
dorsal forearm. This vein must be accessed at a lower angle relative to the plane of
the arm when compared to more proximal veins and requires stable securement. An
example of the cephalic vein is provided in Fig. 3.16.

The Hand and Wrist

If forearm and AC fossa veins are not available, the next areas to consider are the
hand and wrist. The hand is generally not an optimal area for emergent PIV place-
ment, as these veins are usually more tortuous, have smaller diameter, and have
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Fig.3.17 Peripheral
venous network of
the hand

Basilic v.
Cephalic vein

Dorsal venous
network
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metacarpal

more valves than the proximal veins of the upper extremity. These smaller veins can
be problematic when medications must be infused quickly or may be caustic to the
soft tissues. Valves in these small veins may obstruct forward advancement of the
catheter. Placing a PIV in the hand also prevents blood draws from being performed
proximal to the site when I'V fluids are being infused, due to dilution of the venous
blood sample with infusates. Furthermore, intravenous contrast injection and other
testing may not be able to be delivered through PIVs distal to the wrist due to con-
cern with extravasation of caustic infusates. An illustration of the venous network of
the hand is provided in Fig. 3.17.

The most commonly accessed hand veins are the cephalic, dorsal metacarpal,
and palmar metacarpal veins. The dorsal digital veins arise from the adjacent sides
of the fingers to form three dorsal metacarpal veins, terminating in a dorsal venous
network opposite the middle of the metacarpus. These veins are a popular site for
peripheral venous cannulation because they tend to be prominent veins which are
easily accessible and do not lie over a point of flexion, so cannulation is usually not
too uncomfortable for the patient. Veins in the fingers can be used, but require a
smaller-gauge PIV catheter, and are usually accessed as a last resort. Veins of the
anterior wrist can also be accessed, with the same limitations as digital veins.

The use of veins located on the ventral (palmar) aspect of the wrist, as well as the
cephalic vein at the level of the wrist, is not generally recommended due to increased
risk of nerve and/or vascular injury [9].



42 J. M. Eichenlaub et al.

The External Jugular Vein

When veins of the upper extremities are inaccessible, the external jugular (EJ) vein
should be considered for cannulation. The EJ vein usually extends between the
angle of the mandible and the midpoint of the clavicle, as depicted in Fig. 3.18. The
EJ vein is separated from the carotid artery and other vital structures by the sterno-
cleidomastoid muscle (SCM), but iatrogenic injury to the vital structures of the neck
(e.g., trachea, lungs, and arteries) is still possible with improper technique. We rec-
ommend that the EJ vein be accessed at the most proximal site available, to avoid
iatrogenic injury to the lung or other structures. Venous valves are usually located
more distally (at the entrance to the subclavian vein and approximately 4 cm supe-
rior to the clavicle) and should be avoided.

When attempting EJ vein cannulation, the patient should be placed in
Trendelenburg position (i.e., head down) to engorge the vein, with the neck turned to
the opposite side, as depicted in Fig. 3.19. The vessel will be noted to collapse in
volume-depleted patients with inspiration but can be engorged with direct pressure to
the vein just above the clavicle. Stabilization of the vein can be maintained with
direct pressure from the thumb of the non-dominant hand during the cannulation
attempt. The vein is usually best accessed at an angle of 10 to 25 degrees, although
the angle will be dropped once “flashback” of blood has been noted. Cannulation of
the EJ vein is relatively contraindicated when the patient cannot tolerate lying flat,
has a ventriculoperitoneal (VP) shunt on the targeted side, or is suspected to have
cervical spine trauma.

Major Vessels of the Neck

Left external
jugular vein

Left common
Right external carotid artery

jugular vein

Right common
carotid artery

Sternal head
of SCM

Left internal
jugular vein

Superior
vena cava

Fig.3.18 The external jugular (EJ) vein and other great vessels of the neck
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Fig.3.19 External
landmarking for the
external jugular (EJ) vein
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jugular vein
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Clavicle Sternal head
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The Lower Extremity

Veins in the upper torso and legs are usually superficial or tortuous and represent a
suboptimal site for PIV insertion. These veins are accessed without a tourniquet,
with the catheter inserted at a shallow angle with a smaller-gauge catheter. In gen-
eral, lower extremity peripheral veins should not be accessed in adults, due to
increased risk of complications, but may be appropriate for pediatric patients [9].
The veins of the feet should only be accessed in those patients who do not have
known risk factors for complications with vascular access, such as diabetes melli-
tus, poor wound healing, or known peripheral vascular disease [9]. At most institu-
tions, a physician’s order is required to place a pedal PIV, due to the increased risks
associated with their use. The most frequently accessed veins of the feet are the
lateral marginal, medial marginal, and saphenous veins, which are presented in
Fig. 3.20. Due to increased risk of swelling, it is often recommended to elevate the
foot for several hours after a failed PIV attempt.

Providers should avoid securing catheters over bony prominences. When select-
ing a target vein for cannulation, providers should not limit themselves to the most
commonly accessed sites if these insertion sites are not available. Rather, the emer-
gency care provider should seek to select the best possible PIV insertion site that
may be accessed with the largest possible gauge PIV catheter.
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Fig.3.20 Peripheral veins of the foot

Special Considerations for PIV Insertion

Breast Cancer

Patients with a history of breast cancer should be assessed for a history of mastec-
tomy. If the patient’s mastectomy included axillary lymph node removal, the
American Cancer Society recommends that the arm on the affected side should not
be used for peripheral venous access, due to the likelihood of impaired venous/
lymphatic drainage from the extremity [11]. If the patient has had bilateral mastec-
tomies, the arm with the least number of lymph nodes removed or an alternative site
should be considered.
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Hemodialysis

Patients with end-stage renal disease requiring hemodialysis may have an arteriove-
nous fistula (AVF) or arteriovenous graft (AVG) [12]. While an AVF anastomoses a
native artery and vein, AVGs connect the artery and vein with a synthetic tube or
harvested vein. Some patients may have failed AVFs or AVGs at multiple extremities,
depending upon the duration of their dependence upon hemodialysis. In the emergent
setting, defunct or abandoned AVF/AVG sites should not prevent providers from uti-
lizing the involved extremity, although providers should avoid the AVF or AVG itself,
as abandoned AVFs are likely thrombosed and unable to accommodate infusion.
However, any extremity containing an AVF/AVG being actively used for dialysis pur-
poses should be avoided. If these active dialysis sites are cannulated, vascular trauma
or other complications from the PIV cannulation could cause irreversible damage to
the site that may make further dialysis at the site impossible (Fig. 3.21).

Fig.3.21 Arteriovenous
(AV) fistula
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To prevent inadvertent compromise of future dialysis therapy, emergent provid-
ers should closely examine the patient for evidence of an AVF or AVG prior to
establishing PIV access. The most common site of AVF creation is at the level of the
wrist, utilizing the radial artery and cephalic vein [11]. When patients have an inad-
equate cephalic vein, or have failed distal AVF formation, they may have a more
proximal AVF created in the upper extremity, either at the level of the proximal
forearm (using the brachial artery and cephalic vein) or the upper arm (brachial
artery and basilic vein). In general, more proximal AVFs have a higher rate of com-
plications, so the vascular surgeon will usually attempt a more distal site before
resorting to more proximal AVF creation [11].

A viable, functional AVF should have a palpable “thrill” (vibration) and audible
“bruit” (rumbling or swooshing sound perceived via stethoscope) at the AVF site.
The provider should also observe a bulging of the vessel at the AVF site, which is
usually quite visible superficially. However, arteriovenous fistulae can take weeks
or months to “mature” to a useable state, so the absence of a bruit or thrill (espe-
cially in the presence of a dialysis catheter) does not necessarily suggest that the
AVF has been abandoned. The AVF may simply be immature. In general, it is best
to avoid cannulating a peripheral vein on an extremity that has evidence of an AVF
or AVG. Although most AVFs/AVGs will be in the upper extremities, providers
should examine the lower extremities as well, as patients with long-standing dialy-
sis requirements may also have lower extremity AVFs. Consequently, the skilled
emergency provider will examine the target extremity fully before attempting vas-
cular access in a patient with end-stage renal disease.

Contractures

Patients with contractures can be a challenge for the emergency provider. Attempting
to straighten an extremity that is contracted can damage the underlying structures.
The best target veins in “contracted” patients are usually located on the posterior
aspect of the forearm, the dorsal aspect of the hand, or the external jugular vein.
When placing a PIV in a contracted patient, the provider should seek assistance
holding position to avoid unsuccessful IV attempts.

Deep Vein Thrombosis

If a patient presents with unilateral upper extremity edema, consider the possibility
for a deep vein thrombosis (DVT). It is not appropriate to place an IV in an extrem-
ity that could or does have a blood clot. The risk for dislodgement of the DVT or
obstruction of flow could be harmful to the patient. These extremities should be
used only as a last resort.

Traumatic Injury

Patients presenting with traumatic injuries require special considerations for periph-
eral IV placement. If the patient has a unilateral upper extremity injury, place the
peripheral IV in the contralateral upper extremity. If the patient has bilateral upper
extremity injuries, consider PIV placement in the external jugular (preferred) or a
lower extremity.
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Scar Tissue

Old scar tissue can create difficulties with PIV insertion. Scar tissue is difficult to
penetrate and typically requires a larger-gauge catheter (with a thicker cannula) to
bypass. The presence of scar tissue should also alert the provider to the likelihood
of underlying chronic vascular injury. Scar tissue is also more sensitive to pain than
unscarred skin. Certain vessels may develop sclerotic regions related to a history of
previous therapeutic cannulations or certain lifestyle choices (e.g., intravenous drug
injection). Scarred veins may be readily palpable to the provider but may not be
easily accessed. The provider should ensure when palpating the vein that there is a
“spongy” texture and not a “tendon-like” feel before selecting the target vein. In
general, it is best to avoid PIV insertion in areas of visible scarring. If venous scar
tissue is detected in the target area of interest for the line attempt, the provider
should start distal to the scarred region rather than proximally. Scarring of the vein
may cause a partial obstruction to blood flow, which could (slightly) engorge the
more distal contributing veins and collapse more proximal portions of the venous
system. The same principle applies to hematomas, which should be avoided and
may reduce venous flow at the site of the hematoma and more proximally.

Soft Tissue Edema

Although it is generally preferred to avoid PIV insertion in an area already edema-
tous, this may be necessary in some patients who have widespread peripheral tissue
edema. Peripheral veins in these patients are often deeper than expected, requiring
a somewhat steeper angle of skin puncture to reach the target. Additionally, edema
fluid in the soft tissues is likely to enter into the needle as it is advanced, which
increases the importance of “wasting” the initial aliquot of blood drawn through the
catheter, when blood sampling is required. The use of a tourniquet and gauze to
absorb the fluid may be necessary, and the provider may also be able to manually
“push” the edematous tissue away from the targeted skin puncture site. However,
care should be taken to avoid excessive force on the underlying vein, as this may
compress the target vein (reducing the size of the target), damage the vein, or cause
hemolysis of the drawn blood.

Phlebotomy and Order of Blood Draw

In general, the process by which phlebotomy (drawing blood) is performed mirrors
that of PIV insertion. Whether the goal is simply to obtain venous blood specimens,
or to establish peripheral venous access, the provider will utilize a similar technique
to cannulate the patient’s vein.

Venipuncture for the sole purpose of phlebotomy often involves either a straight
needle (typically 21- or 23-gauge) (Fig. 3.22) or a so-called butterfly needle (typi-
cally 21-, 23-, or 25-gauge) (Fig. 3.23) to access the target vein. These needles are
not intended to be left in place after the phlebotomy has been performed and are not
used for venous infusion. Butterfly needles are typically composed of a narrow (21-,
23-, or 25-gauge) needle with “wings,” attached to a short length of tubing which
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Fig.3.22 21-gauge
straight needle with
Vacutainer® tube. (Image
courtesy of Becton,
Dickinson and Company
Inc. © 2020 Becton,
Dickinson and Company
Inc. All rights reserved)

Fig.3.23 23-gauge
butterfly needle with
Vacutainer® Safety-Lok®
blood collection set.
(Image courtesy of Becton,
Dickinson and Company
Inc. © 2020 Becton,
Dickinson and Company
Inc. All rights reserved)

terminates in a Luer connector. This connector can be attached to a Vacutainer® tube

(Becton, Dickinson & Company) or syringe for vacuum-assisted blood extraction.
However, many patients who require emergent vascular access also require blood

tests for their care. Thus, it is very common for providers to draw blood directly
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Fig. 3.24 Vacutainer®
system multiple sample
device with Luer adapter.
(Image courtesy of Becton,
Dickinson and Company
Inc. © 2020 Becton,
Dickinson and Company
Inc. All rights reserved)
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from the PIV (or CVC) catheter immediately after the line has been placed, but
before the infusion tubing is attached. This may be accomplished with use of a
Vacutainer® tube (Becton, Dickinson & Company) system or by direct connection
of a syringe to the catheter (Fig. 3.24).

Hemolysis is a common problem with phlebotomy. When it occurs, multiple false
laboratory derangements will be resulted, including pseudohyperkalemia.
Unfortunately, hemolysis is estimated to occur in up to 8% of all blood draws per-
formed in the emergency department [13]. Hemolysis occurs when red blood cells
(RBCs) are fragmented, which may be attributed to a variety of factors. The use of
needles that are too large compared to the diameter of the target vein can cause
hemolysis, as will excessive vacuum suction force. For this reason, providers should
use small (e.g., 5- or 10-mL syringes) to draw blood from PIV starts and should draw
the blood as slowly as possible. Larger-capacity (e.g., 20-mL) syringes will generate
much larger vacuum force than smaller syringes. The need to reduce vacuum force is
especially important with small-diameter PIV catheters, as the blood flows more
turbulently and is exposed to greater mechanical friction. The use of smaller volume
(e.g., 5-mL) Vacutainer® tubes may also reduce this risk [14, 15]. Fist-pumping,
placement of the tourniquet too close to the puncture site, and failure to immediately
invert the collection tube after drawing also increase the risk of specimen hemolysis.

Blood sample clotting is another common problem, especially with coagulation
studies. Blood begins clotting the moment it first enters the needle, and prolonged
blood draws can risk clotting of the blood before the specimen ever enters the col-
lection tube. Drawn blood should be immediately injected into the collection tube,
and the provider should immediately and adequately invert the collection tube.
Samples should be sent to the laboratory as soon as possible after collection.
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The order of blood draw must also be respected, whether the blood is obtained
through a venous catheter or simple venipuncture. The correct order of draw is depicted
in Table 3.3. Additives specific to each tube will differentiate their properties for labo-
ratory processing. If one additive contaminates another one during the blood draw, the
test may be rendered ineffective, and blood samples may need to be redrawn. For
example, blue (sodium citrate) tubes are used for PT and PTT — it would not be ideal
for this tube/test to be contaminated with either a clotting agent or a heparinizing agent.

Table 3.3 Vacutainer® tubes with corresponding labs, in correct order of draw

Order Color Tube / Top Additives Common Tests* Number of
of Inversions
Draw

1 1 Blood culture N/A Blood cultures Invert gently to
y mix

2 Q Light Blue Sodium citrate anticoagulant | D-dimer 34
5 " Factor assays
}\‘ Fibrinogen
; = INR/PT/PTT
‘ T Lupus anticoagulant

Special coagulation studies

3 Red Clot activator (silicone-coated)| Alcohol level 5
J Amylase / lipase
Gold Clot activator and gel for Anticonvulsant levels
h serum separation Vitamin B12 / Folate
“Tiger top”(red Biochemistry profiles
and black speckled) Cancer markers
Cardiac markers
Digoxin
E Hormone studies
HCG (i.e., pregnancy test)
Hepatic / Hepatitis panel
Human Immunodeficiency
Virus (HIV)
Homocysteine (on ice)
. Insulin
Iron studies
Lidocaine level
Lipid panel
Lithium level
Rheumatoid factor
Salicylate level

Thyroid studies
Therapeutic drug levels
Vitamin D
4 Light Green Lithium heparin, with gel Ammonia (on ice) 8-10
separator for plasma Biochemistry profiles
separation (STAT)

Blood alcohol level
Hepatic panel

lonized calcium

Lipid Panels

Renal function tests
Rheumatoid factor
Therapeutic drug levels
(except Vancomycin)
Toxicology tests
Troponin
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Table 3.3 (continued)

6 . Lavender / Spray-coated K,EDTA Adrenocorticotropic 8-10
Purple anticoagulant hormone (ACTH)
E Brain Natriuretic Peptide
(BNP)

Complete Blood Count
(CBC) wrdifferential

CD3/ CD4 counts
Cyclosporine

Erythrocyte Sedimentation
Rate (ESR)

Factor V Leiden
Hemoglobin & Hematocrit
HgbA1C

Parathyroid Hormone (PTH)
RBC folate

Reticulocyte count
Thalassemia screening
Vancomycin

7 Pink K,EDTA anticoagulant Antibody screens 8-10
Crossmatch
-’ Rhogam workup
v Type & Rh

Type & Screen

8 U ry Gray Sodium fluorideand Glucose 8-10
Lo Fam Potassium oxalate Lactic acid (on ice)

Royal / Navy Blue K,EDTAanticoagulant Aluminum
Arsenic
Cadmium

Chromium
Lead
Manganese
Mercury

Images courtesy of Becton, Dickinson and Company Inc. © 2020 Becton, Dickinson and Company
Inc. All rights reserved
“Note: list is not exhaustive and may vary between laboratories

Conclusions

Landmark-based peripheral IV catheter placement remains the “gold standard”
for vascular access and should generally be the first type of vascular access
attempted for most patients, including those presenting under emergent condi-
tions. Insertion site selection should be informed by a general understanding of
the usual human anatomy but also by the patient’s specific clinical condition and
therapeutic needs. Providers must balance the patient’s anticipated therapeutic
needs with the availability of peripheral veins for cannulation. A thorough exam-
ination is essential to proper site selection, including identification of certain risk
factors for difficult or complicated vascular access. When accessing the periph-
eral veins for simple phlebotomy or for PIV placement, consider the patient’s
anticipated needs for care, including which medications or fluids may be needed
to stabilize the patient.
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Key Concepts

* Peripheral intravenous access is best obtained by “feel,” not by sight. The
provider can usually judge the location and depth of the vein by rebound
following gentle direct pressure.

e The provider should use their heart, not just their head, when placing a
peripheral IV catheter. They should have an appropriate level of confi-
dence in their abilities, and not “overthink” the process.

* Providers should always place the tourniquet tightly. Even if it seems tight
enough, it probably is not.

* Under emergent conditions, always use the largest gauge catheter that can
be placed safely without additional risk of complications to the
patient. Critically-ill patients often require large-bore vascular access, and
it may be difficult to predict what medications and/or fluids may be needed
for an undifferentiated and unstable patient.

» Catheters should be inserted from the proper angle, starting superficially.
Providers can always “go deeper” if they did not hit the vessel the first
time. It is much harder to salvage a vessel after injuring it by going too deep.

* Providers must take care to never obstruct their access to the insertion
point with their own thumb or other objects. This will force the inser-
tion angle to be too steep, and put the provider at increased risk of acciden-
tal needlestick injury.

e Providers should not reuse a needle once it has punctured the skin.
Peripheral intravenous devices are “one poke only” devices and lose their
sharpness after the initial puncture.

e When a patient is overly mobile, scared, or combative, providers
should always bring a “buddy” to help secure and stabilize the insertion
site. Holding the patient’s hand, or gently restraining the patient’s extrem-
ity, may reduce the risk of placement complications for both patient and
provider.

* Providers should always exercise caution to avoid accidental blood expo-
sure or self-injury.

* Prior to selecting the appropriate catheter insertion site, providers should
fully examine the patient to identify dialysis fistulas/grafts, scar tissue,
traumatic injuries, distortion of anatomic landmarks, and other anatomic
features that may ultimately prove to be obstacles to placement success.
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Ultrasound-Guided Peripheral 4
Intravenous Catheters

Mark J. Favot, Andrew J. Butki, and Eugene B. Rozen

Introduction

The use of ultrasound (US) technology has revolutionized emergent vascular access.
Although the first published use of ultrasound-guided vascular access appeared in
1984, pertaining to cannulation of the internal jugular vein, this approach has become
increasingly popular over the last four decades [1]. In the 1990s, multiple studies
showed increased success rates and reduced procedural time and complication rates
with the use of ultrasound for central venous catheter (CVC) placement [2]. This led
to the 2001 endorsement of US-guided CVC placement by the US Department of
Health and Human Services (HHS) Agency for Healthcare Research and Quality
(AHRQ) as one of the 11 best evidence-based practices that healthcare providers
can use to improve patient care and patient safety [3]. Since that time, the use of
dynamic US guidance has become the standard of care for CVC placement [4-5].
Given the apparent benefits of US guidance for CVC placement, this technology
has gained increasing attention as a means of improving peripheral intravenous (PIV)
catheter placement success in patients with difficult peripheral venous access. Over
the last two decades, numerous studies have shown that ultrasound-guided peripheral
intravenous (US-PIV) catheter placement is an invaluable technique in the emer-
gency department (ED) and intensive care unit (ICU) for patients who have failed
traditional cannulation attempts or are anticipated to have difficult venous access [6].
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Among patients with difficult venous access (DVA), ultrasound guidance has
been shown to be superior to “blind” cannulation. In head-to-head comparisons,
US-PIV placement is associated with improved success rates over traditional
“blind” insertion, decreasing the time to successful cannulation and reducing the
number of required puncture attempts [7-8]. Patient satisfaction scores also appear
to be higher with US-PIV catheter placement than with traditional landmark-based
techniques [9].

Patients with DVA pose a special challenge to healthcare providers, although as
many as 23% of ED patients meet formal criteria for DVA [10]. Prior to the avail-
ability of US guidance for PIV catheter insertion, patients with DVA could routinely
expect numerous failed attempts at PIV catheter placement, or even the placement
of a CVC merely to establish routine venous access. Considering the additional
risks introduced by CVC placement, including iatrogenic pneumothorax and central
line-associated bloodstream infection (CLABSI), emergency providers have wel-
comed US-PIV catheter placement as a means of avoiding unnecessary CVC place-
ment. Over the last decade, several studies have concluded that the need for CVC
placement can be obviated in up to 80% of patients with DVA with US-PIV place-
ment techniques [9, 11-13].

The widespread adoption of dynamic ultrasound guidance has been one of the
most significant advancements in vascular access so far in the twenty-first century.
While not all emergent patients require US-PIV, this technique can be readily
learned by novice users and is an essential skill in the armamentarium of any emer-
gency care provider [14].

Indications for US-PIV Insertion

Prompt establishment of adequate vascular access is of paramount importance in the
emergent management of unstable or critically ill patients. The use of US-PIV place-
ment is especially advantageous when such timely venous access is not available
through traditional landmark-based techniques, either because these techniques have
already failed or because they are expected to fail. Patients with known DVA risk
factors (e.g., children, hypovolemic patients, diabetics, those with a history of IV
drug use and sickle cell disease, etc.) or a personal history of DVA are most likely to
benefit from US-PIV catheterization [10, 15]. However, patients with readily avail-
able peripheral veins should still have landmark-based PIV catheter insertion
attempted prior to the use of US guidance. If a target vein is superficial enough to be
palpated, US guidance may decrease the likelihood of successful cannulation [16].

Contraindications and Complications

There are very few valid contraindications for US-PIV catheter insertion, other than
the usual contraindications for vascular access device (VAD) deployment at a tar-
geted site, such as infection at the insertion site, trauma, or patient refusal. It is
important to note that ultrasound-guided venous access is only recommended for



4 Ultrasound-Guided Peripheral Intravenous Catheters 57

accessing deeper veins, such as the basilic and cephalic veins of the upper extremity.
Of course, lack of an available US device may also limit the utility of this technique,
and patient agitation or inability to maintain control over the insertion site due to
excessive patient movement or lack of cooperation from the patient may also
increase the risk/benefit ratio. In all cases, the risks of US-PIV catheterization
should be weighed against the potential benefits.

The complications of US-PIV catheterization include those risks common to all
VAD placement, but certain risks are more prominent with US-PIV placement than
with landmark-based approaches. Most of these additional risks relate to the fact that
US-PIV is typically used to cannulate veins deep to the skin surface. Although
venous injury and extravasation may be seen with any PIV catheter insertion, cathe-
ter dislodgement may not be as quickly apparent when the deep veins are involved.
Delayed identification of extravasation may allow medication, intravenous fluids, or
contrast agents to extravasate to a larger degree before the extravasation is noted by
the provider [17]. This may increase the risk of complications due to extravasation.
Furthermore, ultrasound allows visualization and access to deep vessels that may be
adjacent to vulnerable structures, such as the brachial vein which runs adjacent to the
brachial artery and median nerve. Attempts at cannulation of these deep veins may
be more likely to cause inadvertent iatrogenic arterial puncture or nerve injury [7].

The risk of infection may also be theoretically greater with US-PIV catheter
insertion than with superficial venous cannulation, as bacterial contamination could
be introduced by the ultrasound probe or other components of the US system. It is
speculated that pathogens may be harbored on the probe in the interface between the
plastic transducer cover and the rubber acoustic window, as this junction cannot be
terminally cleaned without specialized equipment. This risk remains theoretical,
however, as there has not been any communicable disease transmission attributed to
the use of an ultrasound probe to date.

Although peripheral venipuncture is considered a “clean” procedure, and does
not require full sterile precautions nor mandatory use of a sterile sheath [7], there
are several ways to reduce the potential for disease transmission. We recommend
that providers fully cleanse the probe and cord with a germicidal wipe after each
use. A commercially available probe cover or a disposable film barrier (e.g.,
Tegaderm™ dressing) should also be placed over the probe (after application of a
thin layer of US gel to the probe) prior to venipuncture as an additional level of
protection. The use of non-sterile US gel is sufficient for pre-scanning and identify-
ing a suitable target vessel. However, sterile gel (i.e., sterile surgical jelly) should be
used during the actual venipuncture procedure itself. The proper application of gel
and transparent dressing is illustrated in Fig. 4.1.

The Ideal Vein for US-PIV Cannulation

We suggest that the ideal vein for US-PIV placement is moderately superficial and
as large as possible, with a straight path and minimal surrounding or overlying vital
structures such as nerves, arteries, or tendons. However, if a vein is superficial
enough to be palpated, the use of ultrasound will decrease the likelihood of
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Fig. 4.1 Placement of a
transparent film dressing
over a linear ultrasound
probe

A

successful cannulation [16]. The course that a vein takes proximally may be unpre-
dictable, so it should be imaged on US prior to attempts at cannulation, to look for
branch points, clots, or other anatomical features that may complicate US-PIV cath-
eter placement. These features should be considered when selecting the proper site
for targeted insertion.

Common Target Veins for US-PIV Cannulation
The Forearm

The veins of the forearm are abundant and often a good place to begin looking for a
vein. Forearm veins tend to be linear, are not located over joints, and are typically
superficial. The cephalic vein travels along the lateral (radial) side of the wrist, fore-
arm, and arm. It is typically unaccompanied by arteries or nerves. The radial veins
(venae comitantes) are smaller paired veins that usually course through the forearm
alongside the radial artery and sometimes adjacent to the radial nerve. The cubital
vein is often readily palpable for landmark-based insertion but tends to be superfi-
cial and may be challenging with US guidance due to the acuity of the angle that the
vein makes at the elbow. It may also be more uncomfortable for patients because of
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its location over the elbow joint. The basilic vein is another large vein often unac-
companied by arteries or nerves. Because of its location in the medial forearm,
proper positioning of the patient may be a challenge.

The Upper Arm

The veins of the upper arm are essentially continuations of the forearm veins but are
typically deeper to the skin surface at this level. As such, they may be more difficult
to cannulate and may be more prone to catheter dislodgement [7]. The cephalic
vein, as in the forearm, is located on the lateral side of the upper arm within the
subcutaneous tissue (Fig. 4.2). Although this is an excellent vessel for US-PIV cath-
eterization, it may not be present in all people. This vein continues from the upper
arm into the deltopectoral groove and is often used for placement of pacemakers or
hemodialysis fistulas. The brachial vein and basilic vein are usually located on the
medial surface of the arm (Fig. 4.3). The median and ulnar nerves are typically
found in the same region and should be identified and avoided during the US-PIV
cannulation attempt. The brachial vein courses deep to the brachial fascia, and this
fascial layer may disguise extravasation from the vein. Caution should be used
when selecting this vessel, to reduce the risk of complications.

Fig.4.2 Cephalic vein in superficial tissue lateral to the biceps muscle (blue arrow)
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Fig. 4.3 Brachial artery (red arrow), prachial vein (PIU€ arrow)_ and median nerve ( )
medial to the biceps muscle. Basilic vein ( ) medial to these in the superficial tissue

The External Jugular Vein

The external jugular (EJ) vein is a traditional site for cannulation in patients with
otherwise difficult IV access. In patients with obesity, scarring, or thin veins, this
may also be a difficult vein to cannulate. It is important to distinguish the EJ vein
from the internal jugular (I1J) vein during cannulation attempts. The 1J vein is
located deep to the sternocleidomastoid muscle, while the EJ vein remains superfi-
cial to it.

Equipment

In general, the equipment needed for US-PIV placement is no different than that
needed for landmark PIV insertion, although a longer (e.g., 48-mm versus standard
30-mm) PIV catheter should be used (Fig. 4.4). Catheters used in ultrasound lines
are the same as ordinary PIV catheters but are sometimes referred to as “ultrasound
catheters” because of their extended length. Despite this, long catheters do not have
any features or any differences that would make them easier to visualize. When
using these long catheters for ultrasound-guided PIVs, it is recommended to use
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Fig. 4.4 Comparison of 30-mm (short) and 48-mm (long) 18-gauge peripheral intravenous
catheters

nothing thinner than an 18-gauge or 20-gauge catheter. The extra catheter length
increases the resistance to flow, so larger catheter gauges are preferred [17].

The 30-mm long IV catheters commonly used by nursing for PIVs are typically
too short and should rarely be used for US-PIV placement. Deep US-PIV placement
usually requires a 48-mm catheter, at a minimum. We recommend that at least 50%
of the length of the catheter should reside inside the lumen of the vein to secure suc-
cessful placement of the IV. This is especially true in situations where the contents
of the IV are under high pressure, such as during CT angiography or when a pres-
sure bag is used to increase flow rates [18—19]. One recent study on US-PIVs found
that 100% of PIVs placed with <30% of the catheter residing in the vein failed
within 72 hours, 32% failed when 30-60% of the catheter was in the vein, and no
PIV attempts failed when >65% of the catheter was in the vein [18].

Target vessels for US-PIV insertion are often up to 15-mm deep to the skin sur-
face. Even with a steep insertion angle of 45 degrees, the Pythagorean theorem
(c* = a* + b?) suggests that at least 21 mm of catheter will remain subcutaneous en
route to a 15-mm deep vessel, with only the terminal 9 mm of the PIV catheter situ-
ated within the target vein. If a traditional 30-mm PIV catheter is used, this 9 mm of
catheter that is intravascular does not achieve the 50% required to reliably secure
the I'V. Additionally, the use of ultrasound guidance tends to favor shallower angles
of insertion much less than 45 degrees (since ultrasound visibility decreases with
steeper angles). This shallower angle will further increase the amount of catheter
that remains subcutaneous. Thus, longer catheters are required, and a 48-mm or
longer catheter is universally recommended for US-PIV placement, regardless of
the depth of vessel. Figure 4.5 compares a standard (30-mm) to a long (48-mm) PIV
catheter placement in a hypothetical vein that is 15-mm deep to the skin surface. In
this example, @ = b = 15-mm and ¢ = 21-mm.

A tourniquet should always be used when placing US-PIV catheters to improve
targeting of difficult-to-visualize veins. Sterile technique is not required for periph-
eral IV placement [7]; however sterile gel (either dedicated ultrasonic coupling gel
or sterile surgical lubricant) and a probe barrier are recommended.

There are a few options available when selecting a probe barrier. Dedicated ster-
ile probes and semi-permeable adhesive barriers are made by various
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Too short
ofan IV

Proper length 1V to prevent
catheter from dislodging
from the vein

b

Fig. 4.5 Comparison of standard (30-mm) and long (48-mm) PIV catheter in target vein

Fig.4.6 Typical setup for US-PIV, including tourniquet, antiseptic solution, sterile gel, film dress-
ing, gauze, and 48-mm or longer PIV catheter

manufacturers. Little evidence exists on which barrier is best or to what extent they
control the spread of infection, but best practice is to use some sort of barrier [7].

The use of gel can make the IV insertion site messy, and it is recommended that
this extra gel is removed so that the remaining gel does not interfere with adhesives
used to secure the catheter (Fig. 4.6).

Because the US probe will be coursing over an area of skin larger than just the
insertion site, a larger area of skin needs to be disinfected prior to beginning the
procedure. Following IV placement, the ultrasound probe should be cleansed
thoroughly.
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Fig.4.7 Out-of-plane
technique

Technique

A linear probe is best used for visualizing both vessels and the needle. A higher
frequency setting is preferred to increase spatial resolution of superficial structures.
Depth should be set no deeper than about 3 cm, as veins deeper than this will have
a higher chance of failure. The use of color Doppler US can help identify veins and
differentiate them from arteries. It can also help assess for the presence of thrombosis.

The two most common techniques for US-PIV are the “out-of-plane” technique
(Fig. 4.7) and the “in-plane” technique (Fig. 4.10). Consensus has not been estab-
lished regarding which technique is preferred. The decision to use one or the other of
these techniques likely depends upon the provider’s previous ultrasound experience
and personal preference. With both techniques, the probe is held in the non-dominant
hand, and the dominant hand is used for needle insertion. Once the cannula is
deployed, the ultrasound probe is set down and the PIV is secured using both hands.

The out-of-plane (short-axis) approach involves visualizing a “cross-sectional”
slice of vein and needle and making incremental alternating movements of the probe
and then the needle until the needle is secure in the vein, at which point the cannula
is deployed and the needle is removed. This technique is incredibly powerful, as it
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Fig. 4.8 Comparison of different needle cross sections using ultrasound imaging

allows easy visualization of the target vessel and the surrounding anatomy.
Identifying the tip of the needle can pose a challenge. However, this can be miti-
gated by utilizing the following methods which can reliably cannulate even the most
challenging of patients with a little practice.

The central concept to consider is that all parts of the needle look identical in
cross section. This is important to consider because one may visualize the needle
and be surprised to learn they are observing the mid-shaft of the needle, and the
needle tip is much deeper into potentially dangerous anatomy, as illustrated in
Fig. 4.8. Again, all parts of the needle look identical in cross section, so it is key to
practice a technique that allows you to identify the #ip of the needle.

Finding the tip of the needle is facilitated by one simple adjustment to technique:
keep the plane of imaging one step ahead of the needle. When utilizing this tech-
nique, start by inserting the needle just underneath the skin. Then identify the needle
in cross section and follow along down the length of the needle with the ultrasound
probe, advancing the imaging plane just until you lose sight of the needle — and then
stop. You have identified the tip of the needle and are now just in front of it. Now,
advance the needle by a tiny amount (about 1-mm) until you visualize the needle in
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Fig. 4.9 Alternate incremental movements, keeping the imaging plane just in front of the needle,
ensure visualization of the needle tip

your imaging plane, and stop. Repeat the process of advancing your imaging plane
just until you lose sight of the needle, and then advance the needle until it comes into
view again, as depicted in Fig. 4.9 until the needle is centered in the vessel. Once the
vein is cannulated, you may flatten your angle of insertion and continue advancing in
this alternating fashion up the vessel either until the hub is buried or until you are
comfortable sliding the catheter in the remainder of its length. In Fig. 4.9, image “a”
shows a needle just above a vein and an ultrasound transducer imaging a cross sec-
tion of the needle and vein. Image “b” shows the needle advanced slightly, until it
encounters the ultrasound plane. Image “c” shows the ultrasound plane advanced
slightly until it no longer shows the needle in the ultrasound image. This can be done
sequentially until the center of the vessel is successfully cannulated. This is a very
useful skill to master. It may seem counterintuitive, at first, to consider that the target
image is the area in front of the needle path and not focused on the needle itself. This
is necessary to ensure that the correct part of the needle (the needle tip) is identified
and guided, rather than some other unknown portion of the needle.

The “in-plane” (long-axis) approach utilizes a longitudinal section of the vein
and offers full visualization of the needle (Fig. 4.10). Aside from minor adjustments
to the position of the probe to help visualization, the probe is not moved during this
procedure. This method provides improved needle visualization but may present
difficulties following tortuous vessels or differentiating veins from arteries.

It is often difficult to keep all three planes (the probe, the needle, and the vein)
perfectly co-planar throughout the entire procedure as the needle is advanced. Any
amount of stray in one of these results in incomplete visualization. The technique
does not require the abovementioned alternating movements to identify the needle
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Fig.4.10 In-plane
technique

Fig.4.11 In-plane
technique, with the needle
(blue arrowy i vessel

tip, as the entire needle shaft is visualized simultaneously. The in-plane approach
can be useful for patients with very straight vessels and no nearby or adjacent arter-
ies or nerves (Fig. 4.11).
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Positioning

For operator ease, the best way to prepare for any US-guided procedure, including
PIV placement, is to have the procedural field in a straight line between the operator
and the US screen, so that the clinician does not have to move their body around
during the procedure (Fig. 4.12). This may necessitate the US machine being placed
on the opposite side of the patient. The height of the bed and US machine should be
placed in such a way that the procedure can be done while sitting or standing com-
fortably. Any items that will be needed should be placed within reach of the opera-
tor’s dominant hand.

The patient should also be positioned so that they are comfortable, and this posi-
tion varies depending on what site is being accessed. For US-PIV access in the fore-
arm, the patient should have their elbow extended and either supinated or pronated.
They may be seated, supine, or somewhere in between. If a medial arm vein (e.g., the
basilic vein) is being cannulated, the patient should have their upper extremity
abducted and externally rotated (Fig. 4.13). Their elbow may be partially flexed for
better access to the procedure site. This is easier to achieve if the patient is supine.

Fig.4.12 Optimal room
setup for US-PIV insertion
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Fig.4.13 Patient
positioning to access the
basilic vein

Common Pitfalls

Arterial cannulation is a possible complication of US-PIV placement. Ultrasound
can help distinguish arteries from veins in many ways. Pulsatility is the easiest and
most readily available of these. With light pressure, veins will collapse and arteries
will pulsate. Although there may be some ambiguity in peripheral vascular disease
or in hypotensive states, this technique should be used in all cases.

As described above, vessel distribution follows a predictable format. One com-
mon anatomical formation is that of a central artery flanked by a vein on each side
(Fig. 4.14). In this scenario, care should be taken to ensure that the artery is not
cannulated. Color flow Doppler can be used to identify the constant low velocity
flow in veins or a pulsatile and higher velocity flow in adjacent arteries. Wall thick-
ness also differs between veins and arteries. Arteries often appear double-walled in
larger vessels or thicker-walled in smaller ones. Veins will have thinner walls than
nearby arteries.

Bright red blood color and drawback pulsatility may suggest arterial cannulation.
Although these signs may be helpful, they are only detectable after the vessel has
been cannulated and can be unreliable depending upon various patient or disease
factors. If the artery has been inadvertently cannulated, remove the catheter and
hold direct pressure for 15 minutes. Do not attempt venous cannulation in the same
area if arterial cannulation is suspected.

In addition to arteries, in the forearm there are three nerves to be avoided: the
radial, median, and ulnar nerves. They are all located in the volar half of the fore-
arm and are distributed laterally to medially. These nerves are typically deep to the
forearm veins and may not present a problem, but knowledge of their anatomy and
typical appearance may help to avoid this complication. In the medial arm, nerves
may be located superficial to the target veins and should be carefully investigated.
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Fig. 4.14 Brachial artery ("€d arrow) with brachial veins (0lU€ arrowsy on both sides

Nerves and tendons display a sonographic feature termed “anisotropy,” in which
they gain or lose echogenicity depending upon their angle to the probe. Tilting the
probe back and forth can help to identify these structures, both of which appear
hyperechoic (i.e., brighter than the surrounding tissues) when viewed in a plane
perpendicular to the plane of the probe.

Both nerves and tendons are discrete hyperechoic structures, so they will
appear “brighter” than blood vessels. If such structures are encountered in attempt-
ing to locate a vein, they should be avoided (Fig. 4.14). These structures may
change position in relation to the vein in a distal or proximal position. The medial
arm has many nerves that can overlie veins and should be examined closely before
selecting a vein.

Another pitfall is failure to assess or recognize vein thrombosis. Thrombosis may
be apparent when looking at the vein in B-mode (i.e., regular grayscale), as the
venous lumen may appear to have an associated density rather than being anechoic
(Fig. 4.15); however, this is not always the case. Figure 4.16 demonstrates a throm-
bosed basilic vein that appears normal at first glance but does not compress, even
with enough pressure to compress the much deeper brachial vein. Thrombosis can
be confirmed with lack of compressibility when applying pressure with the probe or
by lack of color flow when using Doppler imaging (Fig. 4.13). If using the Doppler
method, the probe should be tilted, because flow may not be detectable when the
probe is fully perpendicular to the direction of flow (Fig. 4.17).
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Fig.4.15 Basilic vein thrombus (blue arrow)

Fig.4.16 Occult basilic
vein thrombus
(blue arrow), with deeper

brachial vein compression
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Fig.4.17 Occult basilic I e 2 0ctAN9] 0129
vein thrombus, with 3
Doppler color flow noted
in the deeper brachial
artery and vein but absent
in the basilic vein

There are certain pitfalls that are unique to the veins of the upper arm. The
cephalic vein is in many ways ideal for US-PIVs when present, but it possesses a
high degree of variability in the population. The basilic vein is usually reliably iden-
tifiable, but it is inconvenient to access as it is on the medial upper arm. The brachial
vein is more dangerous to cannulate as it lies in approximation to the median nerve
and the brachial artery. It also lies underneath an additional fascial layer, so any
inadvertent extravasation is less likely to be noticed in a timely fashion.

Conclusions

Ultrasound guidance for peripheral IV insertion is an important technique, which
must be familiar to providers of emergent vascular access. Visualization of the
deeper veins and nearby vital structures (e.g., arteries, nerves, tendons) allows the
provider to avoid iatrogenic complications and more easily identify the target inser-
tion site. However, this technique does have limitations and is not recommended
when the vein is superficial enough to palpate. Failure of US-PIV placement is often
due to correctable factors, including inadequate catheter length, improper site selec-
tion, and lack of adequate training. Before attempting US-PIV access, it is impor-
tant that the provider consider whether an US-PIV is required and adequately assess
the patient’s anatomy to identify obstacles to successful cannulation.
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Key Points

* US-PIV is associated with improved time to cannulation, higher first-pass
success, and increased patient satisfaction over standard landmark tech-
niques in patients with difficult vascular access.

* Catheter dislodgement and extravasation occur more frequently with
US-PIV placement than with “blind” PIV insertion, due to the deeper loca-
tions of the vessels. This also makes these complications more difficult to
identify.

» Ideal target vessel is somewhat superficial (0.5—1 cm deep), straight, and
larger in diameter. When such a vessel does not exist, do an adequate pre-
scan of both arms to find the most appropriate target.

* Short-axis (out-of-plane) technique is more easily learned than the long-
axis (in-plane) technique and is recommended for beginners.

* Diligence is required to ensure you are visualizing the needle tip and not
some more proximal point along the needle during the procedure. Advance
the needle 1-2 mm at a time, and then advance the probe to the point where
the needle disappears on the screen to find the tip.

* Puncture of the posterior wall or failure to advance the catheter into the
lumen of the vessel are the most common technical reasons for failure.
“Walking” as much of the full length of the catheter into the vessel
while continuing to visualize the needle tip will help avoid these
scenarios.
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The History of Central Venous Cannulation

The year 1667 was a very good year in the history of emergent vascular access. In
that same year, two major breakthroughs occurred: Major’s performance of the first
intravenous injection into a live human and Lower’s use of the first vascular catheter
(composed of silver pipes connected by a quill) to perform a transfer of blood from
the carotid artery of a sheep into the external jugular vein of a live human [1].
Aside from these early efforts, the first modern central venous catheterization is
believed to have occurred in July 1929, during a bold experiment by Werner
Forssmann, a surgical resident at the Augusta Viktoria Hospital, in Eberswalde,
Germany. Although he was only 25 years old and had just passed his qualifying
medical exams earlier that year, Forssmann devised a plan to prove his theory that
medications could be administered directly into the heart through cannulation of the
peripheral veins without risk to the patient [2]. His theory had initially been posited
on the notion of cannulating the jugular vein of a horse, with the intention of using
the catheter to measure intracardiac pressures [3]. In his zeal to advance this theory,
he opted instead to perform the high-risk procedure on himself. After locally anes-
thetizing his own arm, with assistance from an operating room nurse, he inserted a
4-French 65-cm-long urinary catheter into his own left antecubital vein, advancing
it into the right auricle of the heart before obtaining fluoroscopic evidence to prove
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the feat [4]. A few years later, Forssmann introduced the notion of cannulating the
femoral vein as a means of depositing medications into the inferior vena cava (IVC)
for the management of cardiac arrest [3]. Unfortunately, Forssmann retired from the
field of vascular access research in the mid-1930s, electing instead to pursue a
career in urology [5].

Besides earning him a partial share in the 1956 Nobel Prize in Medicine or
Physiology, Forssmann’s experiment dispelled concerns about the potential risks of
arrhythmia and cardiovascular injury previously felt to be unavoidable with central
venous access. Subsequent generations of clinical scientists advanced Forssmann’s
technique, including Andre Counard and Dickinson Richards of Columbia
University, who built upon his findings to develop the earliest techniques for diag-
nostic cardiac catheterization. These scientists ultimately shared in Forssmann’s
Nobel Prize [4]. By the early 1950s, mass-produced polyethylene central venous
catheters had become commercially available, and subsequent researchers over the
next two decades described methods by which the subclavian and internal jugular
veins could be cannulated for therapeutic or diagnostic purposes [6-8].

The greatest deterrent to central venous cannulation prior to 1953 was the signifi-
cant soft tissue and vascular disruption required to complete the task. Until this
time, large metal trocars were used to access target veins, and central venous cath-
eters were inserted through the lumen of the trocars into the target vessel. Because
these traditional methods created holes in the target vessel that were larger than the
catheters themselves, hemorrhage and other complications were common. Ivar
Seldinger, a Swedish radiologist, introduced the notion of a “flexible rounded-end
metal leader with increased flexibility of its distal 3-cm” that could be used to guide
the angiocatheter into the target vessel in 1953 [9]. While his original technique was
described as a means of cannulating arteries, the utility of this method for venous
access was quickly grasped, and the Seldinger method became a standard technique
for clinicians hoping to establish a central venous access throughout the 1950s and
beyond. Although the tip of Seldinger’s leader wire was originally constructed as a
flexible metal loop, the modern hook-shaped leader wire tip soon replaced it as a
less traumatic derivative. Seldinger’s technique persists to the modern day as the
preferred approach for the placement of both arterial and venous catheters.

The first published report of an ultrasound (US)-based technique for central
venous cannulation came in 1982 [9]. In this early study, ultrasound-guided place-
ment was endorsed in the infraclavicular approach to subclavian vein cannulation.
The use of ultrasound was expected to ameliorate the high rates of air embolism,
pneumothorax, and injury to the subclavian artery and brachial plexus reported in
the contemporary literature [9]. Although pioneers of this approach endorsed the
use of ultrasound for central venous access in the 1980s, landmark-based methods
for CVC placement would continue to dominate the clinical scene for most of the
subsequent three decades.

In the modern age, US-guided placement of central venous catheters has become
the standard-of-care approach. However, the modern clinician must be well-versed
in the landmark-based methods of our clinical predecessors, a fact that becomes
readily apparent when ultrasound-based strategies are unavailable or inadequate to
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provide emergent central venous access. Although US guidance may reduce some
of the risks of CVC placement, recent studies have called into question whether the
greater cost of US technology is worth this modest reduction in risk [10]. Until reli-
able US technology is available for all care providers in all clinical settings, value
remains in learning the traditional landmark-based methods of our clinical prede-
cessors. Chapter 6 of this book describes the method of US guidance for CVC
placement.

This chapter is dedicated to instructing providers in the time-proven external
landmark-based techniques allowing central venous access in the absence of a func-
tional ultrasound machine or a trained ultrasonographer. What follows in this chap-
ter is a comprehensive report of the techniques that are known to provide ready
access to the most commonly accessed central veins, which may prove to be of
special use to the emergency care provider who has neither the time nor the access
to ultrasound-based strategies for central venous access.

Anatomy of the Central Veins

As described in the previous chapters, the central veins most commonly used for
emergent vascular access are the internal jugular (1J), axillary (AX), subclavian
(SC), and femoral (FEM) central veins. Because of their superficial location and
ready identification on external review of the patient’s anatomy, these veins provide
convenient access to the central venous circulation without requiring extensive cut-
downs or disruption of the overlying soft tissues. What follows in this chapter is a
discussion of the techniques by which these central veins are commonly accessed
and a description of the relative advantages and disadvantages of each for a variety
of clinical circumstances.

As Fig. 5.1 illustrates, the internal jugular (I1J) and subclavian (SC) veins in the
upper thorax coalesce and drain into the superior vena cava (SVC), which, in turn,
empties into the right atrium of the heart. These upper thoracic veins are commonly
utilized for central venous access due to their superficial location and ease of access
through the soft tissues of the neck and superior thorax. Although the 1J and SC vein
may seem to be equivalent as sites for venous cannulation, the 1J is often preferred
as it is easier to compress in the event of iatrogenic injury, hematoma, associated
arterial laceration, or following removal of the catheter. The usual technique for
cannulation of the SC vein requires cannulation at a site deep to the clavicle, which
prevents compression of the insertion site in the event of hemorrhage. This inability
to compress the insertion site becomes especially problematic for patients receiving
anticoagulation therapy, as they may be prone to excessive bleeding and hematoma
formation. The 1J insertion site is also further from the lung apex, which may reduce
the risk of iatrogenic pneumothorax.

The femoral site is generally reserved for those patients for whom 1J or SC can-
nulation is not possible or has already failed. The femoral vein, located in the lower
extremity, is a continuation of the popliteal vein and proceeds until joined by the
deep femoral vein to create the common femoral vein. Not only is the FEM
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Fig. 5.1 Central vessels of the neck and upper torso

insertion site quite distal to the central circulation, it is also plagued by additional
infection risk as compared to the upper thoracic sites [11].

Indications/Contraindications
Indications

Numerous indications for CVC line placement exist, guided primarily by the need
for certain medications or fluids that must be infused through a central vein or fail-
ure to obtain venous access by any other means when emergent access is truly
required. Provider discretion is key to the decision to place a CVC, and providers
must weigh the relative risks and benefits of CVC placement when deciding upon
the need for central venous cannulation.

Contraindications

There are no absolute contraindications for CVC placement in general, although
relative contraindications may exist according to the insertion site selected or other
patient-specific factors [12]. While we will discuss many of these site-specific fac-
tors later, certain relative contraindications may be common to all sites. These uni-
versal relative contraindications to CVC placement include the following:
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¢ Medical condition that may be treated adequately with other access routes

* Severe coagulopathy (directs placement to easily compressible sites only)

¢ Distorted local anatomy (i.e., inability to accurately identify external landmarks)

e Suspected injury, hemorrhage, or disruption of the target vessel or more proxi-
mal structures to which that vessel drains (e.g., femoral cannulation in major
abdominal trauma)

e Cellulitis or other infection of soft tissues at insertion site

e Thrombus or other structure (e.g., catheter) occluding lumen of target vessel

 Inability to adequately immobilize insertion site (e.g., agitated patients)

» Severe stenosis of target vessel or excessive soft tissue scarring at target site

e Previous failed cannulation of target vessel (especially if failed more proximal
attempt)

e Presence of arteriovenous graft (AVG) or fistula (AVF) at target vessel (will
influence results of blood gas analyses)

When a relative contraindication exists for a specific insertion site, providers
should consider whether other central venous insertion sites may remain viable.
Repeated failure to achieve landmark-based CVC insertion should prompt provid-
ers to seek other modalities (e.g., ultrasound-based insertion techniques, bridging
intraosseous cannulation) to enhance the likelihood of future success.

Types of Central Venous Catheters

Although CV catheters are all designed to cannulate the central veins, a wide variety
of basic CVC designs may be found. The primary characteristics that distinguish
different central venous catheters include the following:

e Number of lumens (single, dual, triple, quad)

e Length of catheter (e.g., standard, midline, PICC line)

e Implanted (e.g., subcutaneous ports) vs. non-implanted

e Tunneled (e.g., travel subcutaneously before penetrating vein) vs. non-tunneled
¢ Functionality (e.g., dialysis catheters, introducers)

e Impregnated catheters (e.g., antibiotic, antithrombotic)

The choice of catheter type should be governed by the specific needs of the
patient, including the types of medication that are expected to be infused through
the catheter and anticipated duration of dwell time.

Infusion rates differ between different CVC types, with multi-access catheter
(MAC) flow rates generally higher than those for standard triple-lumen catheter
(TLC) lines [13]. Triple-lumen catheters have 18-gauge catheters, allowing a maxi-
mum flow rate of 26 ml/min®. However, a multi-access catheter, MAC, contains a
12-gauge lumen catheter resulting in a flow rate of 155 ml/min?® [14]. The fluid flow
rates through CVC lines depends upon which lumen is utilized, with larger gauge
lumens offering a much higher rate of flow than smaller gauge lumens.
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Supplies Needed
The supplies needed to place a CVC are listed below and illustrated in Fig. 5.2:

e Sterile drape with fenestration (cover entire patient)

» Chlorhexidine antiseptic with applicators

* Anesthetizing needle (25 gauge, 1 inch or 1.5 inch length)
* Finder needle (18 gauge, 2.5 inch length)

* 5 mL syringe (for anesthetic)

e 10 mL syringe (for finder needle insertion)

e J-tip guidewire with plastic housing and straightener sleeve
* No. 11 scalpel blade

 Skin dilator

* Central venous catheter

e Sterile 4x4 gauze pads

e Suture with curved needle

* Needle driver

e

22 Gauge injection needle Sharps lock ¥

18 Gauge introducer needle

l Dilator ° WIESSINY

Triple lumen CVC

Safety Needles = ——
] 25 Gauge injection
- ¥ o needle
E—— |
* 5ml syringe [
Catheter clamp == f
3ml syringe

Chlorhexidine Guide wire

CVC stabilization device CVC stabilization device  Anchoring adhesive

Scalpel

Fig. 5.2 Supplies needed for CVC insertion
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* Sterile gloves, gown, cap, and mask with face shield for each provider
 Sterile saline solution for injection/flush

e Sterile Tegaderm dressings

e Local anesthetic (e.g., 1% lidocaine)

The specific components of a central line kit may vary according to the manufac-
turer, with some kits featuring sterile 10-mL syringes of normal saline (for flush-
ing), transparent film dressings (e.g., Tegaderm™) to cover the insertion site, and
suture material for anchoring the catheter clamp to the skin.

After insertion site selection, including preparation of the insertion site and cre-
ation of a sterile field, the following steps should be taken:

. Administer local anesthetic to the skin surrounding the insertion site.

. Insert needle or angiocatheter into the selected vein.

. Advance guidewire into the vein through the placed needle or angiocatheter.
. Remove needle or angiocatheter while holding the guidewire in place.

. Create incision next to the guidewire to allow room for dilator.

. Advance dilator over the guidewire followed by CVC over the guidewire.

. Remove the guidewire through CVC while holding the guidewire in place.

. Aspirate and flush each of the three lumens for functionality.

. Anchor CVC in place with suture and/or adhesive [15].

O 0 1 O\ W=

In the sections that immediately follow, we will discuss the most common central
veins cannulated in clinical practice, including special considerations for each ana-
tomic site.

Internal Jugular (1J) Vein Cannulation

The internal jugular (1J) vein collects blood from the brain via the sigmoid sinus,
from the superficial face via the facial vein, and from the neck via the lingual, pha-
ryngeal, and thyroid veins. The 1J vein continues down the neck through the carotid
sheath into the base of the neck, where it joins the subclavian vein to form the bra-
chiocephalic vein. The right 1J vein is often preferred for cannulation due to its rela-
tively straight pathway to the superior vena cava (as seen in Fig. 5.1), as well as its
relatively larger diameter in comparison to the left internal jugular vein [16].

Advantages

e Easily compressible

e Low rate of catheter malposition, providing fast and reliable access [17]

¢ Low rate of catheter-related infection [18]

e Low risk of pneumothorax, which is especially important for patients presenting
with respiratory compromise [19]
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Disadvantages

e Requires the head and neck to be held in a fixed position for an extended time;
thus, patient compliance can be an issue.

e Challenging in patients with extreme contracture of neck muscles or excessive
soft tissue at the neck.

e Complicated by the need for cervical spine immobilization/collar, which is espe-
cially important with trauma patients.

e Sterile draping may obstruct access to the chest for chest compressions, thora-
costomy, etc.

Patient Positioning

Supine, with neck rotated to the contralateral side. When cannulating the right 1J,
the patient’s leftward head rotation should be kept to < 45 degree for procedures
occurring 2 cm above the clavicle and < 30 degree for procedures occurring 4 cm
above the clavicle [20].

Insertion Site Identification

Identifying the Jugular Vein

The preferred insertion site for the IJ vein can be found at the apex of a triangle
Sformed by the sternal and clavicular heads of the sternocleidomastoid (SCM) mus-
cle, just lateral to the carotid artery, as illustrated in Fig. 5.3.

Fig. 5.3 The standard
internal jugular (1J) vein
insertion site [21]

Sternal
head
of SCM

Position of

needle insertion Clavicular head Clavicle

of SCM



5 Landmark-Based Central Venous Catheters 83

At the level of the cricoid cartilage, the 1J vein generally lies anterolateral to
the common carotid artery (CCA) at the insertion site on the right side. However,
in greater than half of cases, the 1J is either completely anterior or anteromedial to
the CCA on the left side at this level [22]. When attempting left 1J cannulation,
head rotation 30 degrees to the right will usually bring the vessels into a “normal”
alignment (i.e., 1J either anterior or anterolateral to the CCA). However, head
rotation does not appear to substantially change the relative positioning of the 1J
and CCA at this level on the right side [22]. An anterior position of the 1J vein
relative to the common carotid artery increases gradually with age, resulting in
increasing overlap between the two vessels as they progress inferiorly. Left-sided
localization and male sex further increase the probability of an anterior posi-
tion [23].

Positioning the patient in Trendelenburg (and / or the Valsalva maneuver) can
engorge the 1J vein due to increased venous return. Mildly rotating the patient’s
neck away from the site of insertion will also allow for better visualization of the
vein. However, excessive rotation of the neck to the contralateral side causes the
SCM muscle to compress the 1J vein, which will present a smaller caliber target for
cannulation [24, 25]. Comatose patients who are unable to perform the Valsalva
maneuver, or patients displaying respiratory distress with any degree of
Trendelenburg positioning, may benefit from slight abdominal compression to
engorge the 1J vein during the access attempt [26].

The “Three-Finger Method”

An alternative method of locating the IJ vein is the so-called, “three-finger
method” [27]. To achieve access to the right 1J vein, the provider’s left ring finger
is placed in the patient’s sternal notch, with middle and index fingertips at the
patient’s midline over the trachea. All three fingers are then “rolled over” the tra-
chea and down into the space between the trachea and the sternal (medial) head of
the SCM muscle. The pads of all three fingers must stay in contact with the tra-
chea. Utilizing this technique, the left ring finger should be touching the sterno-
clavicular joint, and the sternal head of the SCM muscle is bunched into a mound
lateral to the fingers.

Even if the proper insertion site is assured, anatomic variation may still promote
uncertainty regarding whether a provider utilizing the landmark-based method of
insertion has cannulated the 1J vein, and not the CCA. In such cases, the following
mnemonic may be of use in distinguishing the 1J vein from the CCA:

e P — Palpation. The 1] vein is non-palpable and easily collapses with slight man-
ual compression.

e O- Occlusion. The 1J vein can be occluded with the index finger compressing the
ipsilateral subclavicular area.

e L — Location. The 1] vein is located between the two heads of the sternocleido-
mastoid muscle and is usually situated lateral to the carotid artery.
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e [ — Inspiration. The 1J venous pressure drops with inspiration, while there is no
change in pressure of the carotid artery with inspiration.

e C - Contour. The 1] vein has a biphasic waveform, whereas a single pulse is
noted in the carotid artery.

e E — Erect Position. The 1J venous pulsation drops with an erect body position.
Body positioning has little to no effect on the carotid pulse [28].

Cannulation of the carotid artery should be suspected if bright red and pulsatile
blood flows out of the catheter. Venous blood is usually darker and under less pres-
sure than arterial blood. If the provider suspects cannulation of the artery, the cath-
eter should be connected to a transducing system (e.g., length of IV tubing). A rising
and pulsatile column of blood (especially with pressures > 30 mmHg) in the tubing
suggests arterial cannulation. If arterial cannulation occurs, remove the catheter and
apply direct, firm pressure to the insertion site for approximately 10 minutes, until
no further bleeding from the skin puncture is noted.

The usual insertion site for the 1J cannulation is located approximately halfway
between the mastoid process and the sternal notch. However, the location of this
insertion site may contribute to increased risk of catheter kinkage in the neck as the
catheter exits the vein, due to extrinsic pressure on the catheter by the muscles and
soft tissues of the neck. This may also be exacerbated by the patient turning their
neck. To reduce this effect, a so-called “low” 1J insertion may be performed at a
puncture site 2 cm superior to the clavicle, between the sternal and clavicular inser-
tions of the sternocleidomastoid muscle. The potential advantage of this approach is
that the low neck is more fixed in location; neck movement is therefore less likely
to cause catheter kinkage with neck movement.

Needle Direction

The needle should be aimed at the ipsilateral nipple, piercing the skin at a 45 degree
angle with insertion.

Site-Specific Risks/Complications

e Puncture or injury of the aorta, carotid, vertebral, or subclavian arteries

e Airway compromise (e.g., tracheal puncture, hematoma compression on trachea)
e Cardiac tamponade

e Pneumothorax

e Hemothorax

e Arrhythmia (due to guidewire contacting cardiac endothelium)

 Injury to the thoracic duct (associated only with left-sided 1J attempts)

A post-procedural one-view chest X-ray is often obtained to confirm intravenous
placement of the line and to rule out the presence of complicating pneumothorax
[29]. The interpretation of a chest radiograph to confirm appropriate 1J central
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venous catheter placement requires identification of the carina, which is located at
the junction of the left and right main bronchi. Internal jugular vein catheters are
generally inserted into the right internal jugular vein, ipsilateral to the superior vena
cava (SVC) (Fig. 5.1). In such cases, the catheter may be seen on chest radiograph
to descend vertically anterior to the right clavicle, with the tip of the catheter located
in the SVC. The optimal anatomic location of the catheter tip in the SVC is above
the level of the carina, as depicted in Fig. 5.4 [30]

Electrocardiogram (ECG)-guided line placement has shown some value in ensur-
ing accurate placement, reducing the patient’s radiation exposure, and reducing the
costs associated with repositioning procedures [31]. When the CVC tip advances
from the IJ vein into the SVC, a normal amplitude P-wave is noticed on the ECG
monitor. By monitoring the P-wave, the catheter tip is tracked as it travels through
the junction of the SVC with the right atrium (RA) and into the RA. As the catheter
is slowly advanced, while maintaining an eye on the configuration of the P-wave in
lead IT on the ECG monitor, an abrupt increase in the height of the P-wave is noticed,
reflecting the closeness of the intracavitary electrode (the tip) to the sinoatrial node.
If the catheter tip is further advanced deep into the right atrium, the P-wave height
declines, appears bifid, or even has a negative deflection. In cases of over-insertion,
the CVC should be withdrawn at 0.5 cm increments until the P-wave returns to a
normal configuration [32].

Carina

Fig. 5.4 Proper tip position for a right IJ venous catheter
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Axillary (AX) Vein Cannulation

The axillary vein is formed when the brachial vein joins the basilic vein in the upper
arm [33]. This joining typically occurs at the inferior border of the teres major
muscle and continues until the lateral border of the first rib, where this vessel con-
tinues as the subclavian vein, as depicted in Fig. 5.5. The axillary vein is divided
into three parts (i.e., proximal, posterior, distal), according to the vein’s location
relative to the pectoralis minor muscle. The medial portion of the axillary vein is
usually largest, allowing for the easiest cannulation, but its proximity to the pleural
space and the axillary artery increases the risk of complications [34].

Landmark-based axillary vein cannulation has largely been superseded in recent
years by ultrasound-guided cannulation [34]. Consequently, little published data
exist on the reliability of landmark-based cannulation of the axillary vein.

Advantages
e Reduced risk of pneumothorax, when compared to SC site

* Decreased rate of septicemia in tracheostomized patients, as compared to SC
site [35]

Anterior scalene

Subclavian vein

Quter border of 1st rib

Axillary vein

Deltoid

Pectoralis minor
Axillary nerve
Basilic vein
Cephalic vein
Median nerve

Medial antebrachial
cutaneous nerve

Brachial artery

Paired brachial
veins

Lower border of
teres major

Fig. 5.5 Relevant anatomy for axillary vein cannulation
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Disadvantages

 Difficult to cannulate using landmark-based methods.

* Increased length of catheter is needed.

e Risk of iatrogenic injury to adjacent nerves (e.g., axillary nerve, medial ante-
brachial cutaneous nerve, median nerve) and arteries (e.g., axillary artery).

Patient Positioning

The patient should be in the supine position, with head approximately 15 degrees
Trendelenburg. The head should be in a neutral position, with arms placed straight
at the patient’s side. In the past, it was recommended to abduct the arm to 45 degrees
from the trunk, but more recent studies show no significant increase in vein diame-
ter with this technique [34, 36].

Insertion Site Identification

Landmark-based axillary vein cannulation requires an insertion point three finger-
breadths below the coracoid process of the scapula, lateral to the lateral border of
the pectoralis minor muscle [34]. At the most lateral aspect of the axillary vein,
there are no clinically significant posterior structures that may potentially be dam-
aged during cannulation [37]. An illustration of the proper insertion site and relevant
anatomy for axillary vein cannulation is provided in Fig. 5.6.

In the pediatric population, the course of the axillary vein should be determined in
relation to the axillary artery, because the axillary vein is often not visible. This vein
should be cannulated parallel and inferior to the axillary artery located via palpation [37].

Needle Direction

The needle tip should be elevated 10-15 degrees from the frontal plane, aimed
toward the medial quarter end of the clavicle [35-37].

Site-Specific Risks/Complications

e Puncture or iatrogenic injury to axillary artery.

¢ latrogenic injury to adjacent nerves

e Pneumothorax

e Hemothorax

e Upper extremity deep vein thrombosis (DVT), as a delayed complication

Confirmation of axillary central venous line placement can be confirmed with
chest radiograph, as shown in Fig. 5.7. Note the catheter emanating from the right
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Fig. 5.6 Landmark-based axillary vein cannulation

Fig. 5.7 Chest radiograph showing proper right axillary venous catheter placement
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upper extremity, then traveling to terminate at the SVC. Optimal placement of the
tip of axillary CVCs is the same as other CVC lines.

Subclavian (SC) Vein Cannulation: Supraclavicular Approach

The subclavian vein is a continuation of the axillary vein in the upper extremity. The
subclavian vein begins at the outer border of the first rib, terminating at the medial mar-
gin of the scalenus anterior muscle, by joining with the 1J vein (just behind the sterno-
costoclavicular joint) to form the innominate vein [38, 39]. Although the subclavian
artery lies just deep to the subclavian vein, the two vessels are usually separated by the
scalenus anterior muscle medially [40]. The right subclavian vein is the preferred inser-
tion site, due to the anatomic location of the left subclavian vein in relation to the tho-
racic duct and increased projection of the left pleural apex [41].

Advantages

e Large vein, with a diameter measuring up to 2 cm in adults [40].

e Easily landmarked (even in obese patients) due to the superficial location of the
clavicle and its position just deep to the clavicle.

e Shorter access time (approximately 1.5 minutes) when compared to the infracla-
vicular SC approach [41].

e The direction of needle insertion (i.e., anterior to the coronal plane) ensures that
the needle tip progressively deviates away from the pleura and the subclavian
artery as it is advanced [40].

e Distance between the skin surface and the vein is less than that for the infracla-
vicular SC approach (0.5 cm to 4 cm vs. 3.8 cm to 6.2 cm) [41, 42].

e Both subclavian approaches are characterized by increased ease of dressing
maintenance, improved patient comfort, clearer anatomic landmarks, and lower
infection rates than other CVC insertion sites [11].

Disadvantages

e As the venous cannulation site is located posterior to the clavicle, direct pressure
to the venous cannulation site is difficult, increasing the risk of clinically signifi-
cant bleeding and hematoma formation [11].

¢ Relatively higher risk of iatrogenic pneumothorax can worsen respiratory efforts
by patients presenting with respiratory distress.

¢ Not recommended for patients with clavicular or upper rib fracture, due to the
likelihood of associated SC vein injury.

e Risk of subclavian vein stenosis complicating future hemodialysis access
attempts via shunt or fistula [43].



90 J.H. Paxton et al.

Patient Positioning

Supine, with neck turned as far as achievable away from the insertion site.

Insertion Site Identification

According to Yoffa’s initial description of this approach (1965), the insertion site is
“the junction of the lateral margin of the sternomastoid muscle with the upper bor-
der of the clavicle — [at] the ‘clavisternomastoid angle’” [38]. In the awake patient,
these muscular borders can be more easily visualized by asking the patient to lift
their head off the bed. Most (84%) of the time, the subclavian vein lies immediately
posterior to the clavicle for 28-38% of the total clavicular length as measured from
the sternoclavicular joint [44].

One quick way to locate the insertion point for supraclavicular subclavian vein
access is to visually draw a line medially from the anterior most aspect of the shoul-
der to the intersection with the clavicle. This should approximate one-third of the
clavicle length from the sternoclavicular joint.

Needle Direction

The needle should puncture the skin just superior (1-2 cm) to the superior edge of
the clavicle, at a position 1 cm lateral to the insertion of the clavicular (lateral)
head of the sternocleidomastoid muscle (SCM). The SCM border and the superior
edge of the clavicle create a 90 degree angle. The provider should attempt to
bisect this angle, forming a 45 degree angle between the needle length and the
superior border of the clavicle in the sagittal plane. The needle should then be
advanced forward at an angle approximately 15 degrees relative to the coronal
plane of the clavicle [38—40]. The needle tip should be kept as anterior as possi-
ble, just barely sliding under the clavicle, to reduce the risk of arterial puncture or
pneumothorax. The technique for supraclavicular cannulation of the subclavian
vein is illustrated in Fig. 5.8.

Site-Specific Risks/Complications

* Puncture or injury to the aorta, carotid, vertebral, or subclavian arteries
e Cardiac tamponade
e Pneumothorax
e Hemothorax
e Cardiac arrhythmia (if guidewire contacts cardiac endothelium)
With both the supraclavicular and infraclavicular SC insertion techniques,
providers should plan to “walk down” the clavicle in 1 mm increments. After
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careful injection of local anesthetic (e.g., 1% lidocaine) to the periosteum of
the clavicle and surrounding soft tissues, the provider will advance the needle
until contact with the clavicle is made. The angle of this initial insertion
attempt should be intentionally flatter (i.e., lower angle relative to the coronal
plane) than what is expected to need to reach the vein. Contact with the clav-
icle is confirmed when the provider experiences firm resistance to additional
advancement of the needle tip. This resistance confirms contact with the clav-
icle and provides additional information to the provider on the depth of the
clavicle relative to the skin puncture site. Once contact with the clavicle is
made, the provider then retracts the needle a short amount (e.g., 5 mm) and
then readvances the needle at a slightly greater (1-2 degrees) angle relative to
the coronal plane until contact is again made with the superior surface of the
clavicle. The goal of this exercise is to contact an incrementally (e.g., 1 mm)
more posterior point on the superior aspect of the clavicle. This process is
repeated until the needle just barely slides under the clavicle. This approach
will minimize the risk of iatrogenic injury to the subclavian artery and lung
pleura caused by an excessively high angle of insertion relative to the coro-
nal plane.

Subclavian lines are often considered to have the highest rate of catheter malpo-
sition among common CVC insertion sites [45]. The most common patterns of mal-
position include the catheter tip crossing midline to the contralateral subclavian
vein, ascending into the internal jugular vein, or advanced laterally into the axillary
vein. This risk of malpositioning can be minimized by ensuring that the proper
insertion angle is respected and that the “hook” of the J-tip of the guidewire is point-
ing inferiorly when the guidewire is inserted into the introducer needle [46]. Once
the guidewire has been inserted, the provider should be careful to maintain this tip
direction by not rotating the guidewire.



92 J.H. Paxton et al.

Subclavian (SC) Vein Cannulation: Infraclavicular Approach

Since Aubaniac’s original (1952) description of this technique, the infraclavicular
approach has been extensively modified and further popularized by a variety of
authors [6, 42, 47, 48].

Unlike the supraclavicular SC approach, which enjoys a relative lack of soft tis-
sue between the skin puncture site and the target vein, the infraclavicular approach
requires penetration of the pectoralis major muscle to reach the vein. Due to exten-
sive fascial anchoring to the surrounding structures of the upper torso, this site may
be less collapsible than other central venous sites in the setting of hypovolemia,
although maneuvers to engorge the vein prior to line placement (e.g., Trendelenburg
positioning, leg lift, abdominal compression) are recommended.

Advantages

e Large vein, with diameter measuring up to 2 cm in adults [40].

» Easily landmarked (even in obese patients) due to the superficial location of the
clavicle and the vein’s position just deep to the clavicle.

e Both subclavian approaches are characterized by increased ease of dressing
maintenance, improved patient comfort, clear anatomic landmarks, and lower
infection rates than other CVC insertion sites [11].

Disadvantages

* As the venous cannulation site is located posterior to the clavicle, direct pressure
to the venous cannulation site is difficult, increasing the risk of clinically signifi-
cant bleeding and hematoma formation [11].

» Relatively higher risk of iatrogenic pneumothorax can worsen respiratory efforts
by patients presenting with respiratory distress.

* Potentially more difficult to place in patients receiving concomitant chest com-
pressions or other thoracic procedures (e.g., thoracostomy).

» This insertion site is not recommended for patients with clavicular or upper rib
fracture, due to increased likelihood of associated SC vein injury.

* Presents increased risk of subclavian vein stenosis complicating future hemodi-
alysis access attempts via shunt or fistula [43, 45]. However, multiple studies
have concluded that both frequency and duration of catheter placement contrib-
ute to the development of central venous stenosis [49].

Patient Positioning
* Positioned with head and neck in neutral position, with bed in 15 degrees

Trendelenburg, to maximize venous filling and minimize the risk of air embo-
lism [43, 45]. It is helpful to place a “bump” (e.g., rolled towel or sheet)
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between the patient’s scapulae to open the clavicular angle, thus elevating the
clavicle anteriorly and helping the shoulder to “fall away” from the insertion
site [50].

Insertion Site Identification

The infraclavicular SC insertion site can be identified using two anatomical land-
marks: the “clavicular transition point” (i.e., where the concave lateral two-thirds of
the clavicle meets the convex medial one-third of the clavicle) and the sternal notch.
The provider’s index finger is placed at the sternal notch, with the thumb placed at
the transition point as seen in Fig. 5.9. The skin should be punctured 1-2 cm inferior
and 1-2 cm lateral to the clavicular transition point [43, 47, 50, 51]. Skin puncture
too close to the clavicle will complicate insertion as the subclavicular soft tissues
will need to be compressed posteriorly to guide the needle tip under the clavicle.
Skin puncture performed too far laterally will lead to excessive soft-tissue “tunnel-
ing” required to reach the vein.

The insertion site for the infraclavicular approach is within the “deltopec-
toral triangle,” defined inferiorly by the pectoralis major muscle, laterally by
the medial aspect of the deltoid muscle, and medially by the clavicle [47]. The
target space for vein puncture lies between the clavicular origins of the pectora-
lis major muscle and the deltoid muscle, where the cephalic vein joins the axil-
lary vein. Skilled providers may also identify the insertion site based on
palpation of the subclavian artery. The subclavian vein is located anterior and
interior to the subclavian artery. After palpation of the subclavian artery below

Transition

point of clavicle Sternal notch

Subclavian
vein

Fig. 5.9 Infraclavicular approach to SC vein cannulation
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Fig.5.10 Relative locations Lung Subclavian  Subclavian
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the clavicle, the needle can be introduced 1-2 cm lateral and inferior to the arte-
rial pulsation [52]. The relationship between the subclavian vessels and the
clavicle is depicted in Fig. 5.10.

Needle Direction

The needle should be advanced in the coronal plane (i.e., parallel to the stretcher),
through the subclavian muscle [51].

Site-Specific Risks/Complications

e Puncture or injury of aorta, carotid, vertebral, or subclavian arteries
e Cardiac tamponade

e Pneumothorax

e Hemothorax

e Arrhythmia (if guidewire contacts cardiac endothelium)

 Injury to nerves of the brachial plexus

e Chylothorax (if left-sided)

“Pinch-off syndrome” (i.e., compression of the catheter between the ipsilateral
clavicle and first rib) has been described and may be a cause of catheter malfunction
following infraclavicular SC CVC placement [53, 54]. This rare complication most
often presents with the patient complaining of pain at the catheter insertion site,
along with catheter dysfunction. When this syndrome is suspected, physicians
should promptly remove the catheter to prevent more serious complications, includ-
ing catheter fracture and embolization [54]. The best way to reduce the risk of this
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complication is to ensure that the catheter insertion site is lateral to the midclavicu-
lar line. Overly medial insertion appears to be a risk factor for this syndrome. The
relevant anatomic relationships in pinch-off syndrome are depicted in Fig. 5.11.

Femoral (FEM) Vein Cannulation

The common femoral vein (CFV) is formed by the confluence of the superficial
femoral vein and the deep femoral vein, and this vein is joined by the saphenous
vein just distal to the inguinal ligament to form the external iliac vein, once it has
traveled proximal to the inguinal ligament [55]. Since the CFV is of a larger caliber
than its tributaries, the optimal site for cannulation of the femoral venous system
lies just distal to the inguinal ligament, within the so-called femoral triangle.

Although this site is often readily accessible under emergent conditions, the use
of the femoral CVC insertion site remains controversial among providers due to
conflicting reports of increased risk of infection, although other studies have shown
no increased infection risk when compared to other sites [11, 56-58]. Consequently,
FEM cannulation remains less popular than IJ or SC cannulation. Cannulation of
the FEM vein offers access to the inferior vena cava (IVC), but not to the
SVC. Consequently, this insertion site may not be optimal for introduction of a
pulmonary artery (PA) catheter. The presence of a FEM catheter may also introduce
a higher risk of complicating DVT than the 1J and SC sites [59].

Advantages

e Allows for direct compression of insertion site in cases of coagulopathy or
hematoma.
e No risk of pneumothorax or injury to thoracic structures.
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* Associated with fewer mechanical complications than the 1J or SC sites [59].
e In comparison to other sites, inadvertent cannulation and dilatation of the femo-
ral artery with a standard catheter do not usually pose significant problems.

Disadvantages

* Contraindicated in the setting of injury to the IVC or its contributing veins

e Does not allow for catheterization of the SVC or PA (e.g., Swan-Ganz catheter)
e May be difficult to achieve in massively obese patients with large pannus

* Suboptimal for ambulatory patients, due to impaired mobility and discomfort

e Potentially increased risk of DVT as compared to 1J or SC site

Patient Positioning

The patient should be positioned supine, with the target leg abducted and externally
rotated for ready access to the femoral triangle. It has been proposed that “frog-
legging” the target extremity (i.e., flexing the knee with the heel placed on the
medial aspect of the contralateral knee) may offer better exposure to the FEM than
traditional straight leg positioning, by reducing overlap with the femoral artery and
engorging the FEM vein [60]. Reverse Trendelenburg positioning may also help to
engorge the vein and facilitate cannulation. Cooperative patients may be asked to
hum, cough, or otherwise perform Valsalva maneuvers to increase FEM vein
engorgement.

Insertion Site Identification

The FEM vein lies within the femoral triangle, defined superiorly by the inguinal
ligament, laterally by the sartorius muscle, and medially by the adductor longus
muscle. Contents of the femoral triangle include the femoral nerve, femoral artery,
femoral vein, and the femoral canal, including the deep inguinal lymph nodes. An
easy method for remembering these contents is the mnemonic NAVEL (lateral to
medial): Nerve, Artery, Vein, Empty space, Lymphatics. This anatomy is illustrated
in Fig. 5.12.

Needle Insertion

The proper needle insertion site is located 1 cm medial to the pulsating femoral
artery and 2-3 cm inferior to the inguinal ligament (extending from the anterior
superior iliac crest of the ilium to the pubic tubercle), as depicted in Fig. 5.13. The
needle should be oriented with the bevel up, piercing the skin at a 20 or 30 degree
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Fig.5.12 Anatomy of the “femoral triangle” (green)

angle. The vessel is normally reached at a depth of 2 to 4 cm below the skin but may
be deeper in obese or edematous patients. When cannulating the right FEM, the
provider should keep at least two fingers of the left hand on the artery to maintain a
tactile sense of the artery’s position while the right hand advances the introducer
needle into the vein. This relationship of the hands is reversed when cannulating the
left FEM vein. It is recommended that the provider use this technique regardless of
the provider’s dominant handedness, since the provider will be positioned on the
side of the bed lateral to the target site and reversal of this arrangement will force
the provider to cross hands during the procedure, which will contort the effort and
potentially make cannulation more difficult. In general, right-hand dominant pro-
viders may have a preference for right femoral insertions (and vice-versa), as the
left femoral approach will make proper hand positioning difficult if the patient is not
approached from the contralateral side of the stretcher. It is generally easier to insert
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Fig.5.13 Proper needle insertion technique for FEM vein cannulation

a FEM CVC from the ipsilateral side of the stretcher, rather than leaning over the
entire stretcher to reach the insertion site. Providers should consider the importance
of provider comfort to procedural success, and try to select an appropriate insertion
site that is easily accessed by the provider. Of course, patient-specific factors will
limit the availability of specific sites.

Site-Specific Risks/Complications

e Care should be taken when placing FEM lines in patients undergoing cardiopul-
monary resuscitation (CPR), as chest compressions can produce femoral vein
pulsations that may be misinterpreted by the provider as arterial pulsations.
Catheter misplacement at the femoral site occurs in up to 30% of cannulations
during cardiopulmonary resuscitation [61].

» Hypercoagulable patients may be at greater risk of DVT at the FEM site than at
the IJ and SC sites. It has been suggested that DVTs may form as early as within
24 hours of line placement [62].

* Patients suspected of blunt abdominal trauma, or otherwise at risk for injury to
the IVC and associated veins, should be screened carefully for disruption of
these veins before FEM vein cannulation is attempted.
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Selection of Appropriate CVC Insertion Site

Decisions about which central venous access site to use should always be based on
the providers’ clinical judgment, considering a variety of factors. Different CVC
insertion sites have different complication profiles and offer different advantages for
the clinician and the patient. A summary of the preferred insertion sites, according
to various clinical circumstances, is provided in Table 5.1.

Complications of Central Venous Cannulation

The major risks of central vein cannulation include both general and site-specific
complications and may be grouped according to the time of onset following the
procedure:

Immediate Complications (During or Inmediately
After Procedure)

* Failure to cannulate vein

e Pain

* Bleeding or hematoma formation

» Extravasation of infused substances
» Laceration of the target vein

* Arterial puncture or laceration

Table 5.1 Recommended CVC insertion site, according to specific clinical circumstances [8, 11,
12, 39, 40, 43, 45, 50, 55, 58]

Subclavicular Supraclavicular
Subclavian Subclavian Internal jugular Femoral
Depth Variable Superficial Superficial Deep
Obesity Yes Yes Yes Best to avoid
Lower extremity Yes Yes Yes Best to avoid
trauma
Potential C-spine/  Yes Best to avoid Bestto avoid ~ Best to avoid
head injury
Bleeding risk High, due to High, due to limited Low, due to Variable,
limited compressibility of  easy depending
compressibility of  the insertion site compressibility upon patient
the insertion site at body habitus
recommended
insertion sites
Recommended No No No Yes
during active CPR
Head and neck Best to avoid Best to avoid Best to avoid ~ Yes

trauma
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e Myocardial or great vessel perforation/cardiac tamponade

e Guidewire retention or embolization of guidewire fragments
e Cardiac arrhythmias

e Nerve injury

e  Pneumothorax/hemothorax (IJ and SC only)

e Air embolism

e Catheter malposition

e [IVC filter entanglement (FEM only)

Early Complications (Days After Procedure)

e Catheter obstruction/blockage

e Chylothorax (I1J and SC only; with injury to thoracic duct (left) > lymphatic duct
(right))

e Hydrothorax (IJ and SC only)

 Infection at the insertion site/phlebitis

e Bloodstream infection/sepsis

Delayed Complications (Weeks to Months After Procedure)

e Arteriovenous fistula (when vein and adjacent artery are simultaenously
punctured)

e Thrombosis (e.g., DVT)

e Pseudoaneurysm formation (delayed)

e Catheter fracture and embolism

e Vascular erosion

e Vessel stenosis
Some of the most concerning complications and their reported rates, according

to insertion site, are provided in Table 5.2.

General Considerations for Central Venous Access
Patient Positioning

Patient positioning is crucial, and the experienced provider will ensure that the
patient does not change position during the procedure. In some cases, cannulation
may require patient sedation or restraint by colleagues to maintain proper position-
ing of the patient’s head, arm, or leg position throughout the procedure. Assistants
should wear gloves and maintain control of the patient’s head, neck, or arm beneath
the sterile field to prevent inadvertent contamination of the sterile field by the
patient. Temporary limb restraints may be required. Trendelenburg (i.e., head-down)
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Table 5.2 Site-specific complication rates [8, 11, 12, 39, 40, 43, 45, 50, 55, 58]

Internal jugular Subclavian Femoral
Pneumothorax ++ +++ =
Hemothorax - +++ =
Infection ++ + o
Thrombus + ++ b o
Arterial puncture ++ + T

«

Note: Number of “+” represents risk relative to other sites; represents minimal or no risk

positioning >15 degrees is helpful, as this will engorge the central veins and provide
the largest possible target for CVC insertion.

Preparation

Providers should ensure that all needed supplies are within reach prior to starting the
procedure. Proper preparation prior to the procedure is paramount, and the emergency
care provider should ensure that all materials needed for the insertion effort are avail-
able before starting the procedure. When possible, it is desirable to have an assistant
at the bedside to retrieve items that may become necessary during the procedure.
Providers should also seek to optimize the procedural environment, including ensur-
ing adequate lighting, freedom from distractions, and adequate patient counseling or
sedation, as needed. The need for documentation of patient consent should be assessed
as well. Although “emergent consent” may be implied by certain clinical circum-
stances, written informed consent for the line insertion (as well as any anticipated
complications such as thoracostomy for pneumothorax) should be obtained from alert
and oriented patients (or their legally authorized representative) when possible.

Sterility

Sterility is of the utmost importance with CVC insertion, given the relatively higher
risk of iatrogenic bloodstream infection as compared to peripheral venous cannulation
[63]. Unfortunately, contamination of the provider’s gloves or the surgical field may
be more common than providers realize [64—66]. Even if providers do not violate the
sterile field, field contamination can occur through provider contact with residual bac-
teria in the deeper layers (e.g., crypts of the hair follicles and sweat glands) of the
patient’s skin following standard disinfection methods [65, 66]. Chlorhexidine appears
to be more effective at achieving sterility of the patient’s skin, with bacteria able to be
cultured from sterilized skin in only 5.7% of cases, as compared to 32.4% of subjects
with povidone-iodine [66]. This has led some authors to suggest routine cleansing of
the provider’s sterile gloves with antiseptic solution (e.g., 0.5% chlorhexidine plus
70% alcohol) after setting up the field and completing landmark identification, prior
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to catheter handling. Providers should avoid excessive touching of the patient’s
prepped skin with the same fingers that will be handling the catheter to reduce the risk
of bacteria transfer to the catheter. The placement of “crash” lines (i.e., placement
without full sterile precautions) should be avoided unless absolutely required (e.g.,
cardiac arrest, sudden respiratory collapse), due to the increased risk of iatrogenic
infection and injury introduced by lack of proper sterile technique.

Air Embolism

Air embolism is a potential risk with any vascular access attempt but is probably
more common with venous cannulation than in arterial cannulation due to the much
lower (perhaps even negative) intravascular pressure within the central veins during
respiration. Placing the patient in >15 degrees Trendelenburg position should
increase central venous return, engorging the 1J and SC veins and providing an
easier target while further reducing the risk of air entry through the needle [40]. The
frequency of air embolism is largely unknown, but this theoretical risk is easily
avoided with proper patient positioning and insertion technique. Saline flush of the
catheter lumens prior to insertion may reduce the risk of air embolism, although
evidence is limited.

Inability to Advance the Guidewire

Once cannulation of the vein has been achieved, inability to advance the guidewire
suggests that the tip of the finder needle may have left the lumen of the vein, or that
the veseel lumen is obstructed due to thrombosis or anatomic stricture. If the guide-
wire cannot be advanced easily, the provider should remove the guidewire, replace
the syringe, and attempt to aspirate blood from the finder needle. If no blood is aspi-
rated, it is likely that the needle is no longer within the lumen of the vein. In such
cases, the needle should be withdrawn or advanced slowly in 1 mm increments until
blood can again be aspirated under syringe suction. Once blood is easily aspirated,
the syringe should be removed carefully and guidewire advancement may be again
attempted. If the guidewire cannot be passed, it may also be necessary to decrease the
angle of the finder needle to be more in plane with the direction of the target vein. If
the guidewire can be advanced beyond the tip of the finder needle, it is likely that
anatomic obstructions (e.g., bifurcation, thrombus) are preventing further guidewire
advancement.

Inability to Remove the Guidewire

When attempting to remove the guidewire from the finder needle, resistance may be
encountered. If this occurs, fracture of the guidewire is possible, as the guidewire
may be speared on the sharp tip of the finder needle. If retraction of the guidewire is
not easily achievable through the internal lumen of the finder needle, it can be
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helpful to rotate (i.e., clockwise or counterclockwise) the guidewire within the
finder needle to determine if this can free-up the guidewire for retraction. If the
guidewire cannot be retracted from within the finder needle after rotation, it may be
advisable to remove the entire guidewire-finder needle complex from the vein,
rather than attempting further guidewire retraction alone, to prevent fracture (i.e.,
unraveling) of the guidewire. It is generally preferred to remove the entire guide-
wire/finder needle complex from the vein than to risk guidewire fracture and subse-
quent embolization of guidewire fragments into the systemic circulation. Unraveling
of the guidewire within the vein risks not only damage to the guidewire but also
further damage to the target vein during the retraction attempt. If the provider is
unable to remove the guidewire with gentle traction, or if embolization of guidewire
fragments is suspected, the provider should consult the vascular surgery team for
assistance in retrieving the guidewire from the patient.

Confirmation of Proper Line Placement

An anterior-posterior (AP) one-view chest X-ray should be obtained after any CVC
insertion in the upper thorax (e.g., IJ, SC), but this is not generally necessary follow-
ing FEM vein cannulation. The three primary purposes of this chest X-ray are as
follows: (1) to confirm that the proper vessel was cannulated (e.g., vein versus
artery), (2) to confirm that the catheter was inserted to the proper depth (e.g., termi-
nates at the junction of the SVC and the right atrium), and (3) to rule out the pres-
ence of early complications (e.g., hemothorax, pneumothorax). A focused ultrasound
(US) examination of the vessel, heart, and ipsilateral lung may also suffice to ensure
venous cannulation and rule out pneumothorax, provided that the operator is ade-
quately trained to perform the exam. Transesophageal echocardiography can also
accurately identify malpositioned CVCs within the main pulmonary arteries, which
is not easily identifiable by CT or ultrasound [67-69]. While transesophageal echo-
cardiography may be able to adequately confirm the location of the catheter tip,
transthoracic echocardiography may not be adequate for this purpose. Direct US
visualization of the guidewire within the candidate vessel may also be useful to
confirm venous placement prior to dilation [68].

Concern for Arterial Cannulation

The distinction between arterial and venous cannulation is further complicated
by the patient’s oxygenation status. Dark, nonpulsatile backflow of blood may be
seen with arterial puncture in the setting of profound hypoxemia and hypotension
[69]. Needle positioning in the vein can be confirmed by the pressure transducer.
If there is no access to a pressure transducer, a venous blood gas (VBG) can be
obtained and compared to an existing arterial blood gas (ABG) sample. The dif-
ferences in various values reported in a blood gas analysis (Table 5.3) can be
useful in determining whether the sampled blood is from a venous or
an arterial source.
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Table 5.3 Comparison of Arterial Venous
normal ABG and VBG pH 7.35-745 7.31-741
values [70] pCO, (kPa) 47-60  55-6.8

pCO, (mmHg) 3545 41-51
HCO; (mmol/L) 22-28 23-29

PO, (kPa) 10.6-13.3 4.0-5.3
PO, (mmHg) 80-100 3040
SO, (%) >95 75

Securing the Catheter

The suture wing and white rubber clamp/rigid plastic fastener should both be secured
to the patient’s skin, to reduce the risk of accidental dislodgement or migration of the
CVC after line placement. The methods of securing CVC lines include suture and/or
adhesive anchoring. Commercial CVC Kkits include a “bulldog” clamp, which fits
over the CVC catheter and is covered by an anchoring device sutured to the skin.
Ideally, the anchoring clamp should be placed as close as possible to the insertion site
at the skin surface. Transparent film dressing (e.g., Tegaderm®) should be placed so
that the dressing is centered on the location at which the catheter penetrates the skin.

Depth of Insertion

Optimal placement of 1J, SC, or AX central lines results in the tip of the catheter
being situated in the SVC. Peres’ formula [71] is a commonly accepted method to
determine the optimal depth of CVC insertion needed to achieve this goal and has
been shown to be up to 95% accurate [72]. The formula, where “H” is patient height
(in cm), is depicted in Fig. 5.14. Some studies have stated that using surface anat-
omy to determine depth of insertion is superior to formulas, as topographical meth-
ods account for anatomical variation [73, 74].

The provider should be sure to document the depth of the catheter insertion from
the point at which the catheter penetrates the skin. The “double-hash” marks
(Fig. 5.15) represent the full length marked on the manifold (“hub”), while “single-
hash” marks are found every 1 cm along the catheter length. The manifold indicates
the full length of the catheter as well as the external diameter of the line.

The major veins have differing lengths and diameters, which may influence
their availability during conditions of hypovolemia and vascular collapse. The dif-
ferent diameters of the major peripheral and central veins are provided in Table 5.4.

Angle of Bend

Angle of catheter bend influences the rate of flow through the catheter, with more
acute angles serving to obstruct flow. Sharp angles or kinking of the external por-
tions of the catheter should be avoided, and the catheter should be secured in such a
way that the external portion is kept as straight as possible.
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Left internal
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Right internal
jugular catheter

H H
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Fig.5.14 Peres’ formula

Fig.5.15 Standard CVC Catheter length One centimeter
catheter markings, as used to listed increment
estimate depth of CVC
insertion i
— 4
Full Five \\.f_-\_
length  centimeter !
increment :
éi marking
Conclusion

Landmark-based central venous catheter placement plays a crucial role in the provi-
sion of medical care to critically-ill patients under austere conditions. Numerous
advantages exist for these techniques, with the main advantage being a quick and
reliable method of delivering life-saving medications to provide life-sustaining
medications. While each CVC access method has its own unique benefits, it is
imperative to remember that each one also poses the risk of complications if not
inserted correctly. Knowing which CVC to choose in a specific situation, having
sound knowledge of the surrounding anatomy, confirming the correct location of
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Table 5.4 Comparative Vein Diameter (mm) Length (cm)
diameter and length of the Cephalic 4-5 35-38
major veins in adults [75] asilic 8 24

Axillary 16 13

Subclavian 19 6

Right brachiocephalic 19 2.5

Superior vena cava 20 7-9

CVC placement, and detecting complications early on all represent essential skills
to reduce the risk of complications.

Key Concepts

* Central venous catheters are often required for critically ill patients, when
infusion of non-peripherally compatible infusions or hemodynamic moni-
toring is required.

o If the provider is unable to cannulate the vein after three attempts, assis-
tance from others should be sought, rather than making additional attempts.
Mechanical complications are six times more likely with three or more
passes when compared to a single-needle pass.

» Patients should be continuously monitored on telemetry during CVC
placement. The presence of arrhythmias suggests that the catheter tip has
been advanced too far and may be irritating the right atrial wall.

e Adequate knowledge of vascular anatomy, along with correct patient posi-
tioning and physician experience, can allow landmark-based central
venous catheter placement within 5 minutes, while ultrasound-guided
techniques may require up to 20 minutes to place successfully.
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Introduction

Ultrasound-guided (USG) central venous catheter (CVC) placement is a potentially
life-saving technique that must be mastered in order to obtain central venous vascu-
lar access quickly with minimal complications. Prior to the routine use of ultra-
sound, CVC access was performed “blind” via landmark techniques, with failure
and complication rates reported to be anywhere from 5% to 19% [1-4]. This chapter
discusses the potential advantages and disadvantages of using real-time ultrasound
guidance to achieve CVC access, including details relating to the performance of
USG CVC placement, confirmation methods, and common pitfalls that may be
encountered by clinicians wishing to utilize this technique.
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General Considerations

The use of anatomical landmarks alone to guide needle insertion during CVC place-
ment is associated with increased risk of complications. The most common compli-
cations of the landmark-guided approach include pneumothorax, arterial cannulation,
and hematoma formation. These complications are dependent on the underlying
patient pathophysiology, patient anatomy, site of CVC insertion, and clinician expe-
rience [1, 2, 5, 6].

The use of ultrasound (US) guidance for CVC placement was first described in
relation to the internal jugular (1J) vein by Yonei et al. in 1986 [7], although the same
concepts have subsequently been applied to use with the other commonly accessed
central veins. In 1993, Denys et al. prospectively compared 302 patients treated with
US-guided (USG) 1J vein cannulation to 302 control patients treated with the land-
mark-guided technique. They found that the use of ultrasound guidance in 1J venous
cannulation resulted in a 100% success rate, compared to 88.1% success in the land-
mark-guided technique. They also demonstrated that US guidance produced fewer
cannulation attempts, shorter time to cannulation, lower incidence of carotid artery
puncture, lower incidence of hematoma formation, and lower incidence of brachial
plexus injury [8]. Since then, additional studies from multiple medical specialties
have continued to show similar safety profiles [9, 10]. In 2015, Brass et al. published
a Cochrane Review including over 5000 patients that found the procedural safety of
1J venous catheters placed under ultrasound guidance to be superior as compared to
landmark placement [11]. That same year, they also published data via Cochrane
Review showing superiority in safety of USG catheterization of the subclavian and
femoral veins as compared to traditional landmark technique [12].

Previous studies have demonstrated that the use of ultrasound guidance for CVC
insertion significantly decreases morbidity and mortality in critically ill patients
who require CVC placement [13—15]. Utilizing real-time ultrasound guidance, the
clinician can visualize anatomic anomalies, clearly identify and visualize the target
central vein, monitor progress of cannulation, and avoid ill-advised attempts to can-
nulate vessels with intraluminal thrombosis [13-15].

Appropriate patient positioning during 1J venous cannulation (i.e., head turned)
inherently increases the risk of carotid artery (CA) puncture, as the 1J vein fre-
quently overlaps this structure. In fact, at 90° head rotation away from the midline,
the 1J vein overlaps 78% of the carotid artery diameter, vs 29% in a neutral position
[16]. In this context, the use of USG for venipuncture is especially helpful to avoid
inadvertent CA injury.

Introduction to Ultrasound
Probe/Transducer

The appropriate transducer for any vascular access procedure is a small linear array
probe with a high-frequency transducer (5—-15mhz) [11]. However, some linear



6 Ultrasound-Guided Central Venous Catheters 113

transducers may have a range as high as 20 mhz. This provides an excellent super-
ficial resolution, but image quality may degrade at deeper depths required for direct
needle visualization during central venous cannulation [18].

Exam Type

Most commercial ultrasound systems come with preloaded exam types (i.e., vascu-
lar, cardiac, RUQ, etc.) It is important to select a “vascular,” “small parts,” or “nee-
dle visualization” exam type to provide you with the spatial resolution required for

evaluating the anatomy and for direct needle visualization.

General Tips for Ultrasound Guidance

The reader is encouraged to become familiar with the landmark-based method for
CVC insertion detailed in Chap. 5 of this book, including the relevant anatomical
considerations, as much of the technique for USG CVC insertion is common with
the landmark-based method.

Standard sterile technique should be followed with regard to PPE (personal pro-
tective equipment) worn by the practitioner, draping of the patient, and cleansing of
the procedural area. A sterile probe cover with sufficient length to cover the probe’s
cord that will come into contact with the draped area is required. Either a sterile
field (e.g., exterior drape or other sterile barrier) to prevent contamination by the US
machine or a second person should be employed to operate the US system in case
adjustments are needed during the procedure. Sterile lubricant, which usually comes
prepackaged with commercially available sterile probe covers, is also needed.
Lubricant will need to be applied to the probe itself, as well as on top of the sterile
probe cover, to generate optimal US images. Ideal hand, probe, and needle approach
positioning are demonstrated in Fig. 6.1. Note that this figure does not include ster-
ile barriers for illustration purposes.

If local anesthesia is to be used, infiltration of 1% lidocaine solution should also
be performed in conjunction with US guidance to assure that the location of the skin
wheal is in appropriate proximity to the underlying vein of interest.

Cannulation of the vein occurs using either the introducer needle or appropriate
angiocatheter. The needle is advanced under direct US visualization using either the
out-of-plane (short axis) or in-plane (long axis) (Fig. 6.2) approach toward the tar-
get vein.

With the landmark-based approach, negative pressure is typically maintained by
pulling back on the plunger of the syringe during insertion until a flash of blood is
noted. One important difference with direct US visualization is that negative pres-
sure is not required as the needle is advanced. Although a change in resistance and
flash of blood into the syringe may be noted, venous cannulation will be noted via
direct US visualization of the needle tip within the lumen of the vessel. Consistent
with standard Seldinger technique, the guidewire is then advanced. The introducing
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Fig. 6.1 Probe and needle
positioning for the IJV
out-of-plane (short axis)
approach

Skin surface  Needle Vein

Fig. 6.2 In-plane (long axis) view of USG central venous puncture
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Guidewire Vein Skin surface

Fig. 6.4 Guidewire
visualized with out-of-
plane (short axis) view

needle or angiocatheter is then removed. As described above, proper placement of
the guidewire should be verified by ultrasound prior to soft tissue dilation and cath-
eter cannulation. After cannulation, the positioning of the guidewire should once
again be verified with ultrasound (as shown in Figs. 6.3 and 6.4). Note that the
guidewire appears as a straight or curved line on the long-axis view, while it appears
as a “dot” on the cross-sectional short-axis view. Whichever view is selected, the
provider will also see reverberation artifact lines below the guidewire, indicating
that you are viewing a dense (e.g., metal) structure. Once the guidewire has been
confirmed to be in the vein and the catheter has been inserted, all lumens of the
catheter should be capped, aspirated, and flushed with sterile saline to minimize the
risk of luminal clotting. The catheter should then be sewn into place and secured
with an appropriate occlusive dressing. The use of a BioPatch® or other
antimicrobial-impregnated dressing at the site of skin insertion is recommended.
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Static Versus Dynamic Techniques
Static Technique

Static technique involves using the US to evaluate the patient’s anatomy and locate the
target vessel but does not include visualization of the needle as it is inserted into the
patient’s blood vessel. Once the relevant anatomy is identified, the US probe is placed
out of the field, and the procedure is continued using landmark methods informed by
the previously visualized US images. This technique is essentially used to verify the
assumptions of the landmark-based approach [12] and has been shown to improve the
likelihood of successful cannulation when compared to the purely landmark-based
approach [18]. The static technique does not require a sterile probe cover if this vas-
cular survey and target localization is performed prior to sterile field preparation.

Dynamic Technique

Dynamic US guidance not only includes aspects of the static technique but also
involves direct visualization of the needle as it enters the target vein. Although the
static technique may improve the likelihood of successful cannulation, it has not
been shown to decrease cost or enhance patient safety [19]. However, dynamic
ultrasound guidance has been shown to reduce complication rates and decrease the
risk of line-associated infection [19]. Because this additional US-guidance occurs
after sterilization of the procedural field, a full-length sterile probe cover must be
used for this technique [18]. Dynamic US guidance can be achieved utilizing either
the “in-plane” approach or the “out-of-plane” approach.

The “In-Plane” Approach

The “in-plane” (long-axis) approach to the dynamic technique involves orienting both
the path of the needle and the US beam in a coplanar path. This allows for continuous
real-time visualization of the needle as it is directed toward the vein. However, given the
small width of both the US beam and the needle, the margin for error is much greater.
Anchoring the operator’s probe hand on the patient is of the utmost importance to pre-
vent loss of visualization of the needle. If the view of the needle is lost, advancement of
the needle should be stalled until visualization of the needle and the needle tip in the
vessel are reacquired. The primary benefit of this technique is real-time visualization of
the needle in its entirety, decreasing the risk of posterior vein wall puncture [18, 20].

The “Out-of-Plane” Approach

This technique involves a short-axis approach, in which the probe is oriented per-
pendicular to the angle of needle insertion. It allows for visualization of the vein and
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adjacent structures during the procedure. However, this technique is limited as the
needle is only partially visualized. The tip and mid-shaft will appear the same in this
orientation, and a stepwise approach of needle advancement is needed to ensure that
the needle is not advanced too far, resulting in complications. This technique has
been shown to be more easily mastered by emergency physicians [18, 20]. It has
also been shown to be associated with an increased first-pass success for operators
with varying levels of US expertise [18, 20].

Whether using the static or dynamic technique, identification of the pertinent anat-
omy is paramount to successful line placement. The vein of interest should be evaluated
over a length of several centimeters in the anticipated direction of catheter insertion to
identify venous tortuosity or changes in the surrounding anatomic structures. The target
vein should be checked for patency. This can be achieved by either compression or by
Doppler color flow assessment. Compression of the blood vessel may also help differ-
entiate the vein from the adjacent artery, which must be avoided [18].

Confirming Proper Placement

Proper cannulation of the intended target vein must be confirmed prior to dilation of
the tract and venotomy. This can be achieved by using US imaging to verify that the
guidewire is in the correct vessel. Verification is often performed using an in-plane
(long-axis) view of the guidewire within the vein of choice. (Fig. 6.3). This verifica-
tion can also be obtained with the out-of-plane (short-axis) view but may be slightly
more difficult to visualize (Fig. 6.4). The direct visualization of proper placement
should be repeated after the advancement of the catheter to evaluate for possible mal-
position. This again can be achieved in both the in-plane or out-of-plane technique [21].

Another method of confirming proper venous placement of the CVC is by inject-
ing agitated saline through the newly placed CVC while simultaneously obtaining a
transthoracic or subxiphoid view of the heart. The agitated saline is generated using
a three-way stopcock and two sterile saline flushes with their contents manually
pushed back and forth between syringes to create tiny air bubbles in the sterile fluid.
This solution is then injected through the newly placed CVC, while the provider has
the phased array probe focused on the right chambers of the patient’s heart. The
provider monitors the ultrasound screen for a flurry of bubbles to appear in the right
heart chambers. If venous placement is achieved, the agitated saline should be visu-
alized in the right atria and ventricle, indicating proper placement and usability of
the line. The benefit of this technique is it can prove appropriate line placement,
prior to obtaining a confirmatory chest X-ray, and thus has utility when there is a
time-sensitive need to start medications through the CVC. However, this technique
involves switching between the linear and phased array probe and may be difficult
to achieve when a single practitioner is present [21].

Despite the increasing utility of ultrasound imaging, standard of care at most
institutions is to obtain a chest X-ray after internal jugular or subclavian central
venous catheter placement to evaluate for malposition and possible complications
(e.g., pneumothorax).
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Needle Versus Angiocatheter

Most commercially available CVC kits contain both an introducer needle and an
angiocatheter. Studies have shown that the use of the introducer needle results in
fewer complications and increased first-pass success as compared to the angiocath-
eter [22]. If the angiocatheter is used, however, attempting to refeed the needle into
the catheter while inserted into the patient should be avoided. This is due to the
thin-walled nature of the angiocatheter and the possibility of the cutting needle
damaging the sidewall of the catheter. The dreaded complication is embolization of
the sheared tip of the angiocatheter.

Site-Specific Considerations
Internal Jugular (1J) Vein

The internal jugular (1J) vein is a confluence of the inferior petrosal sinus and the
sigmoid dural venous sinus (Fig. 6.5). This vessel exits the skull through the jugular
foramen and forms the jugular bulb. It descends inferiorly into the neck adjacent to
the internal carotid artery (ICA) and the vagus nerve (cranial nerve X) within the
carotid sheath before joining with the subclavian (SC) vein to form the
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Fig. 6.5 Central vessels of the neck and upper torso
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Fig. 6.6 Trendelenburg
positioning

Fig. 6.7 Out-of-plane (short-axis) view of the 1J vein and the carotid artery

brachiocephalic vein. Although the 1J classically lies lateral and anterior to the ICA
as it descends, this orientation can be changed with the positioning of the head [18,
23]. The left 1J is classically described as being slightly larger than the right 1J [23].

Proper positioning of the patient will maximize the likelihood of first-attempt
success. Place the patient in Trendelenburg position (i.e., supine, bed adjusted with
feet slightly higher than the head, as in Fig. 6.6) to promote increased venous filling
and increase the vein’s diameter [20]. This promotes easy identification of the vein
and creates a larger target for cannulation. The precise degree to which the head is
directed downward will depend upon multiple factors, including the patient’s toler-
ance for this position and the capacity of the patient stretcher.

Turning the patient’s head to the contralateral side will bring the 1J into a more
superficial position while increasing the depth of the ICA compared to a head-
neutral position [20]. This maneuver also affords improved ergonomics with regard
to the angle of needle insertion for the practitioner. The 1J vein is typically identified
using an out-of-plane approach. As demonstrated in Fig. 6.7, the carotid artery will
appear as a thick-walled vessel that is not easily compressible, while the vein
appears as a thin-walled vessel that is typically easily compressed with light pres-
sure from the US probe.
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Ergonomic positioning of the US provider relative to the patient and US screen
is also important. The provider should be at the head of the bed with the US located
on the ipsilateral side near the patient’s hip. The screen and the point of needle
insertion should be in a direct line to minimize any head movement needed by the
practitioner [20].

The depth of insertion required for USG CVC insertion at the 1J vein will vary
according to the side of insertion, patient gender, and other unique anatomical con-
siderations. Although each patient is different, a good rule of thumb for the length
of catheter insertion with right-sided 1J CVCs is [patient height in cm]/10. In one
study, the average appropriate depth of right-sided 1J catheter insertion was found to
be 12-13 cm in males and 11-12 cm in female subjects. The length of catheter
required with left-sided IJ CVC placement is greater than that required for the right
side. For left-sided 1] CVC placement, the required depth of insertion may be esti-
mated by [(patient height in cm) / 10] + 4 cm, usually 13-14 cm in males and
12-13 cm in females [24, 25].

Subclavian (SC) Vein

The subclavian (SC) vein is formed by the axillary vein when it crosses the lateral
border of the first rib, as shown in Fig. 6.8. It then arches cephalad posterior to the
clavicle, where it joins with the external jugular (EJ) vein. It is then joined by the 1J
vein to form the brachiocephalic vein. The SC vein accompanies the subclavian
artery, which is usually located deep and posterior to the vein. Other structures
posterior to the vein include the first rib and the lung pleura. On the left, the thoracic
duct empties into the beginning of the brachiocephalic vein. The right lymphatic
trunk empties into the same position on the contralateral side [27].

Infraclavicular Approach

As with 1J vein cannulation, the patient should be placed in Trendelenburg position
(Fig. 6.6) to increase venous filling and provide a more easily identifiable structure
and larger target vein [20]. Placing a towel beneath the patient in between the scapu-
lae is also recommended, as this promotes anterior projection of the chest wall with
the shoulders drawn back, bringing the SC vein into a more superficial position and
reducing obstruction to access by the upper extremities. If the infraclavicular
approach is sought, position the patient so that the shoulders are in a “shrugged”
position, displacing the clavicle cephalad and opening an acoustic window to facili-
tate US visualization of the subclavian vein [28]. In neutral position, the clavicle lies
over the proximal aspect of the SC vein. Shrugging the shoulder moves the clavicle
superiorly, which opens a window that allows the SC vein to be seen on US without
obstruction by the clavicle (Fig. 6.9).

The US screen is best placed on the contralateral side of the patient (i.e., opposite
the side of the target vessel) for both the supraclavicular and infraclavicular SC
approach. The needle insertion site and the US screen should be within a straight
line of sight to reduce the amount of movement needed by the practitioner during
the procedure [20].
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Fig. 6.10 Infraclavicular out-of-plane approach to the SC vein

Ultrasound guidance for the infraclavicular approach can be performed with
either the in-plane or out-of-plane technique. Most often, identification of the sub-
clavian vein can be accomplished within the clavipectoral triangle (i.e., deltopec-
toral triangle), which is bounded by the clavicle, the lateral border of the pectoralis
major muscle (inferiorly), and the medial border of the deltoid muscle (superiorly).
This may be significantly more lateral than the common starting position utilized
with the landmark-based approach. The provider should start by positioning the
linear probe just inferior to the far lateral aspect of the clavicle in long axis with the
probe indicator cephalad and probe placement parallel to the path of the axillary
vein. Care should be taken to ensure that the vein is being viewed, not the artery, as
their appearance with US may be similar. The vein can be distinguished from the
artery in the out-of-plane view (Fig. 6.10) and then the probe rotated 90 degrees to
an in-plane approach over the vein (Fig. 6.11). Confirmation can be achieved by
assessing for vascular compressibility and a venous hum with pulse wave Doppler.
When appropriate positioning is confirmed, the needle is inserted using an in-plane
approach (Fig. 6.12) and directed to the center of the axillary vein lumen under
direct visualization [29]. The J-loop of the guidewire is fed with the distal J portion
of the wire oriented toward the patient’s feet to prevent the guidewire tracking ceph-
alad. The remainder of CVC placement is the same as that outlined in the IJ CVC
placement section. In one small single-center randomized-controlled trial performed
by Fragou et al., the USG long-axis approach to infraclavicular SC CVC placement
resulted in increased first-attempt success and fewer complications when compared
to landmark methods [30].
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Fig.6.11 Infraclavicular in-plane approach to the SC vein

Fig.6.12 Probe and
needle position with the
infraclavicular in-plane
approach to SC vein
cannulation
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Fig.6.13 Probe and
needle position for the
infraclavicular out-of-plane
approach to SC vein
cannulation

The out-of-plane infraclavicular approach allows for continuous visualization of
both the SC artery and vein (Figs. 6.10 and 6.13). However, given the stepwise
nature of the out-of-plane technique, there is the possibility of misidentification of
the needle tip, leading to the penetration of the needle deep to the vein. However, the
out-of-plane technique is easier to master and decreases the likelihood of inadver-
tent arterial puncture [31].

Supraclavicular Approach

The subclavian vein is more easily identifiable on US using the supraclavicular
approach, near to the site where the SC and 1J veins meet to form the brachioce-
phalic vein. The SC vein is identified above the clavicle, thus negating interference
from the clavicle’s acoustic shadow, and is also more superficial at this location,
allowing for ease of cannulation [18, 29, 32]. However, as the subclavian vein is
only visualized for a short distance at this location, dynamic needle guidance can be
difficult. The supraclavicular approach has been shown to result in less catheter
malposition when compared to the landmark technique. However, limited data exist
comparing these two approaches. Depending on the anatomy of the patient and the
amount of body surface available in the supraclavicular region, this approach may
be optimal compared to an infraclavicular or landmark approach for certain patients
[18, 29, 32].
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Fig.6.14 Supraclavicular
view of the right
subclavian vein

Fig.6.15 Right
supraclavicular view of the
SC vein using color
Doppler flow imaging

In contrast to infraclavicular SV CVC placement, the supraclavicular USG
approach is obtained by first positioning the linear probe on the ipsilateral 1J vein in
an out-of-plane fashion. The 1J vein is traced caudally until the probe abuts the
patient’s clavicle in the supraclavicular fossa, which is approximately the site of the
confluence of the IJ vein and the SC vein. The probe is angled toward the patient’s
chest wall until the SC vein becomes visible in long axis (Figs. 6.14 and 6.15). In
Fig. 6.14, note the SC vein (SCV) emanating from the brachiocephalic (BC) vein
(BCV) on the left side of the image and the external jugular (EJ) vein (EJV) arising
from the SC vein more superficially. In Fig. 6.15, the blue structure is the subclavian
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Fig.6.16 In-plane
(long-axis) supraclavicular
approach to the SC vein

vein and initial part of the brachiocephalic vein. The red structure is the external
jugular vein with flowback toward the subclavian vein.

The subclavian artery lies just posterior to the SC vein at this location, and care
should be taken to differentiate the SC artery from the vein using Doppler or by fan-
ning the probe prior to any cannulation attempt [18, 32]. The vessel is then cannu-
lated using an in-plane needle approach (Fig. 6.16), followed by CVC line placement,
as described above.

Femoral (FEM) Vein

The femoral triangle is located inferiorly to the inguinal ligament. Within this ana-
tomic region lies the common femoral vein, which is the target vein for femoral
CVC placement (Fig. 6.17). The lateral border of the femoral triangle is formed by
the medial edge of the sartorius muscle and the medial border formed by the lateral
edge of the adductor longus muscle [26]. It is important for providers to distinguish
the confluence of the greater saphenous vein from the common femoral vein.
Inadvertent cannulation of the saphenous vein will result in difficulty advancing the
guidewire or malpositioning of the CVC.

When attempting FEM vein cannulation, place the patient in a slight reverse
Trendelenburg position (i.e., supine, head higher than the feet, as in Fig. 6.18) to
increase venous filling in the femoral vein. In cases of cardiopulmonary resuscita-
tion or dramatic volume depletion, this maneuver will allow for a more easily iden-
tifiable structure and again a larger diameter target vein.

The appearance of the common femoral vein in out-of-plane probe positioning is
demonstrated in Fig. 6.19. If possible, the ipsilateral (i.e., same side) leg of the vein
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of interest should be externally rotated and flexed to improve the positioning of the
common femoral vein, bringing it to a more superficial position [20].

The practitioner should be positioned on the ipsilateral side as the vein targeted
for cannulation. The US machine may be positioned on either side of the patient, as
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Skin
Vein surface

Fig.6.19 Femoral vein in out-of-plane (short-axis) view

long as the needle insertion point, the US screen, and the patient are within view, so
as to minimize the need for head movement by the practitioner during the proce-
dure. Both the US screen and the patient should be at a height that is ergonomically
comfortable for the practitioner [20].

Depth of insertion is simpler for FEM vein CVCs than for other CVCs. Femoral
CVCs should be fully advanced to their hubs and sutured into position. Unlike
CVCs placed in the IJ or SC vein, radiographic imaging is not required to confirm
proper placement prior to use. The line is considered usable if each hub of the CVC
draws venous nonpulsatile blood.

Pitfalls

Central venous catheter placement is fraught with potential pitfalls, although most
of these can be mitigated by proper positioning of the patient, provider, and US
machine. As with the placement of any CVC, one common pitfall is the inability to
successfully thread the guidewire. This may be alleviated by dropping the angle of
insertion of the needle relative to the skin, thus decreasing the initial angle of guide-
wire insertion into the vessel so that it is less steep and, therefore, less likely to catch
on endovascular structures. Dynamic visualization of the needle tip within the cen-
tral portion of the vessel lumen will also help during advancement of the guidewire
[18]. Another common occurrence resulting in the inability to thread the guidewire
is that the needle tip becomes inadvertently malpositioned due slight migration
either by accidental movement on the part of the practitioner or patient movement
due to respiratory variation or inadequate sedation (more common in the IJ and SC
veins, as compared to the FEM vein). This occurrence can be addressed by using
ultrasound to verify that the needle is within the central portion of the vessel lumen
and not in contact with the back wall of the vessel. The needle can be adjusted under
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USG intravascularly in long axis so that the tip once again lies in the center of the
vessel and guidewire passage may be reattempted [18].

Taking the time to verify the location of the needle tip and to ensure proper
dynamic visualization allows for increased first-attempt success rates and decreases
the risk of complications. Loss of visualization of the needle tip using either the in-
plane or out-of-plane technique can result in arterial puncture or damage to sur-
rounding structures. To help prevent this, advancement of the needle should not
proceed until the practitioner can once again identify the needle tip on ultra-
sound [18].

Complications

There are numerous complications associated with CVC placement. Previous stud-
ies have broken them down into several categories, including mechanical, infection,
and thrombus formation. The rates of complications are noted to increase secondary
to multiple variables including the use of the landmark-based technique for CVC
insertion, provider inexperience, individual patient factors, multiple attempts at can-
nulation, or emergent situations.

Mechanical Complications

As with any procedure, a practitioner must consider the risks, benefits, and alterna-
tive therapies available when treating a patient. Numerous mechanical complica-
tions of CVC placement have been described, including malplacement, hematoma
formation, arterial puncture, pneumothorax, hemothorax, nerve injury, and thoracic
duct injury. The incidence of mechanical complications ranges from 6.2% to 19.4%
[21, 33]. Arterial puncture is most prevalent in the landmark-based femoral central
line placement, but pneumothorax is the most common in the landmark-based sub-
clavian approach. The use of USG to perform CVC placement decreases the risk of
all of these complications and thus has become the standard of care [11, 12].

Arterial puncture is the most common of all mechanical complications of CVC
placement, although the use of US guidance decreases the risk of this complication
by 72% and decreases the rate of hematoma formation by 73% [11]. Ultrasound
guidance also allows for quick identification of iatrogenic pneumothorax, by allow-
ing the user to evaluate for lung sliding using the linear probe. The use of US for
dynamic guidance has been shown to decrease the number of placement attempts
and, in doing so, decreases the rate of all complications [11, 12].

Infectious Complications

Though the overall rate of central line-associated bloodstream infection (CLABSI)
is low, infections attributed to CVC placement still represent a significant source of
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iatrogenic patient morbidity and mortality [17, 34]. The use of aseptic technique for
line placement, including the standard PPE, adequate draping of the patient, and an
appropriately sized sterile probe cover, is of the utmost importance to prevent infec-
tious complications. The placement of a sterile dressing over a newly placed CVC
with either the BioPatch® or other approved form of antimicrobial impregnated
dressing is also frequently mandated and may help in decreasing the incidence of
infectious complications [34].

Documentation

According to the American College of Emergency Physicians (ACEP), documenta-
tion of all USG procedures should include the following data elements: patient
demographic data including name, date of birth, medical record number, and gen-
der. Information pertaining to the exam should also be included, such as the date
and time of the exam, indication for the exam, the individual performing the exam,
and (if applicable) the name of the person reviewing the images for quality assur-
ance. Provider documentation should also contain information on the form of anes-
thesia used (i.e., local, procedural sedation or other), equipment used, and the
technique (i.e., sterile versus emergent). Documentation should also include the
anatomic location of the procedure (e.g., right internal jugular vein), compressibil-
ity and patency of the target vein, method of guidance (i.e., dynamic or static), the
number of attempts, outcome, complications, and method used for confirmation of
proper placement [35].

Key Points

e The use of ultrasound guidance for CVC placement increases the rate of
successful vessel cannulation and decreases the risk of avoidable
complications.

* Placement of USG CVC catheters requires the use of a linear US probe,
appropriate US machine exam settings, and aseptic technique including a
sterile probe cover.

e Ultrasound can be used to confirm proper CVC placement by guidewire
visualization and to detect certain complications associated with this
procedure.

* Pitfalls associated with USG CVC placement are similar to those encoun-
tered with the landmark technique but may be easier to troubleshoot
through direct visualization of the anatomy and/or real-time redirection of
the needle tip and guidewire.
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Intraosseous Catheters 7

Catalina Kenney and James H. Paxton

History of Intraosseous Access

The earliest investigations into the clinical utility of intraosseous (IO) vascular
access occurred more than a century ago. Cecil Kent Drinker (1887-1956), consid-
ered by many to be the founder of modern lymphology [1], was only 2 years out of
medical school when he first performed a series of experiments that would illumi-
nate the mechanisms by which red blood cells and other bone marrow contents enter
the bloodstream. Assisted by his wife, Katherine, he injected a variety of substances,
including epinephrine, into the nutrient artery that supplied oxygenated blood to the
bone marrow of a live canine tibia [2]. Although Drinker did not inject these sub-
stances directly into the intraosseous space, he found that anything that he injected
into the nutrient artery found its way back to the general circulation via the intraos-
seous space [3]. Infusing a hirudinized physiological salt solution at pressures up to
240 mmHg, Drinker was able to increase the rate of blood flow through the dog tibia
from the physiological rate of 15 mL/min to as high as 60 mL/min [3]. Although his
work was predicated upon the discoveries of many nineteenth-century European
anatomists, Drinker’s findings represent a pivotal event in our understanding of the
potential therapeutic value of IO infusion [4].

In 1922, a medical student at Johns Hopkins University named Charles Austin
Doan (1896-1990) independently discovered that venous drainage from the 10
space within the radius and ulna was relatively constant, regardless of the systemic
blood pressure or the volume of fluid infused [5]. Infusion pressures exceeding the
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intrinsic capacity of the drainage system led to capillary rupture and extravasation,
but he could not increase outflow beyond this physiological limit. However, he theo-
rized that “functionally dormant” capillaries associated with adjacent pockets of
hypoplastic (yellow) marrow might be recruited to enhance outflow in times of
physiologic crisis. Doan’s work both confirmed and supplemented the work done by
Drinker’s team.

Over the next two decades, scientist-clinicians began utilizing IO cannulation to
infuse a variety of therapeutic substances into the bone marrow space [4]. In an age
when hefty metal trocars were routinely inserted into fragile veins with substerile
techniques, the IO approach seemed to be a reasonable alternative to peripheral
intravenous (PIV) cannulation. However, the availability of convenient “plastic”
(polyvinyl chloride) PIV catheters in the 1950s soon led to the abandonment of
adult IO cannulation in most developed nations [4, 6]. Sterile Teflon™ and polyure-
thane PIV catheters would soon supplant IO catheters as the preferred vascular
access device for the next four decades.

While IO catheters never really disappeared from use in resource-poor third-
world countries, the technique did not regain popularity again in the United States
until the 1980s [4]. Pediatrician James Orlowski was among the first Americans to
publicly call for a return to the consideration of IO cannulation in 1984. Orlowski
had worked in India during a cholera epidemic and witnessed the ability of 10
devices to save the lives of pediatric patients firsthand [7]. Realizing the value of IO
catheterization for hypovolemic pediatric patients, the American Heart Association
(AHA) Pediatric Advanced Life Support (PALS) guidelines soon began endorsing
the use of tibial IO cannulation in select pediatric patients as early as 1988 [8].

Unfortunately, the bony cortices of adult patients are much harder than those of
pediatric subjects. Early 10 devices were exclusively hand-driven into the bone,
making IO cannulation much more difficult in adults than in children. As a result,
the widespread use of the 10 approach would wait for the invention of superior
methods of driving the IO cannula into the much-denser bones of adult subjects.
These necessary advances began appearing in the late 1990s, with the introduction
of the sternal FAST1® (1997), the spring-powered Bone Injection Gun® (1998),
and the drill-powered EZ-IO® (2004). By 2005, the AHA had begun recommend-
ing the use of the IO route to provide Advanced Cardiac Life Support (ACLS) medi-
cations for adult and pediatric patients, but only when IV access was difficult or
impossible to achieve [9, 10].

Not much has changed in the landscape of 10 cannulation since 2005. Manually
driven IO catheters are still commercially available, although they have been greatly
replaced (especially in adult subjects) by spring-loaded or drill-driven insertion
techniques. At the time of this writing, the AHA still recommends that IO cannula-
tion be considered when PIV access is delayed or impossible, although the medical
literature is conflicted with reports of the relative utility of IO access as compared to
PIV access for the management of various conditions, most prominently cardiac
arrest [11]. In 2010, the AHA ACLS guidelines suggested that, “it is reasonable for
providers to establish 10 access if IV access is not readily available (Class Ila, LOE
C)” for cardiac arrest victims [11]. The AHA chose not to reexamine this
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recommendation for the use of IO catheterization with its 2015 and 2018 ACLS
guideline revisions [12, 13]. Similarly, the 2018 American College of Surgeons
(ACS) Advanced Trauma Life Support (ATLS) guidelines recommend that, “if
peripheral access cannot be obtained, consider placement of an intraosseous needle
for temporary access.” [14]. In fact, most major resuscitative organizations currently
recommend that IO cannulation be considered for patients requiring emergent vas-
cular access when PIV access cannot be rapidly obtained. Unfortunately, no organi-
zation has thus far offered a practical timeframe after which IO cannulation should
be considered when other forms of vascular access prove untenable. This leaves the
decision of when to declare PIV access “impossible” up to the discretion of the
treating clinician. Rescuers must weigh the potential benefits of IO cannulation
against the risks of this technique, without substantive guidance from designated
authorities on the subject. Consequently, it is especially important that vascular
access providers understand the potential risks and benefits of 10 cannulation for
patients requiring emergent vascular access.

Physiology of Intraosseous Access

Intraosseous access leverages the availability of a non-collapsible route for the
introduction of medications and fluids into the central circulation. It is currently
theorized that egress from the marrow space may be preserved in shock states,
despite collapse of the venous system and impaired forward flow due to shock-
related cardiac dysfunction. Consequently, the use of 10 cannulation could offer
advantages to patients with undifferentiated shock over the use of PIV or central
venous catheter (CVC) cannulation.

Traditionally, long bones have been considered the preferred target sites for 10
cannulation. Long bones are composed of certain constituent parts: the epiphyses,
metaphyses, and diaphysis [15]. The epiphyses are located at the proximal and distal
ends of the long bones, bookending the long diaphysis of the bone. The metaphyses
are situated between the epiphyses and the diaphysis, in the region formerly occu-
pied by the growth plate in adults [15]. The marrow cavity of long bones is generally
located in the diaphysis. The periosteum is a fine layer of connective tissue, overly-
ing all external portions of the long bone absent of articular cartilage [15]. The
periosteum protects the underlying bony cortex and serves to anchor ancillary blood
vessels and nerves servicing the long bone. Because the periosteum is highly inner-
vated, pain perception from the exterior surface of the bone is facilitated by innerva-
tion from the periosteum [15]. The anatomy of the intraosseous space is illustrated
in Fig. 7.1.

The medullary cavity of long bones constitutes the interior of long bones, situ-
ated between the bony cortices. This cavity houses both the intraosseous vasculature
as well as red and yellow bone marrow [15]. Red bone marrow produces blood ele-
ments and is the primary marrow type present in pediatric subjects. However, as
humans age, most of the red marrow in long bones is replaced by atrophic yellow
(adipose) marrow, which has a higher proportion of fatty tissue and is relatively
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Fig. 7.1 Anatomy of the intraosseous space. (Image courtesy of Teleflex Inc. © 2020 Teleflex Inc.
All rights reserved)

bereft of hematopoietic cell-producing marrow [16]. Notable exceptions to this are
the higher proportions of red marrow seen in adult subjects at the skull, ribs, ster-
num, and vertebral bodies [15—-17]. Nonetheless, adult subjects have a higher pro-
portion of yellow marrow in the medullary cavities of long bones than pediatric
subjects [15]. This distinction is important, since red marrow has an enhanced vas-
cular supply, when compared to yellow marrow. This fact led early 10 researchers
to conclude that IO access could only be successfully achieved in bones that con-
tained red marrow [18]. However, modern data suggest that IO cannulation may be
readily and effectively obtained in long bones bereft of red marrow.

In all cases, venous flow from the medullary cavity into the central circulation is
achieved via emissary veins and nutrient veins [15—17]. Interestingly, pediatric sub-
jects enjoy discrete blood supplies for the metaphysis and diaphysis, as native vas-
culature appears to be unable to cross the cartilaginous growth plate [15]. In both
pediatric and adult subjects, substances infused into the medullary space are rapidly
picked up by the venous circulation. Much like early resuscitation scientists, mod-
ern clinicians typically utilize the superficial portions of the long bones to procure
10 access. The proximal tibia and proximal humerus are generally preferred as
access routes, though some attention has also been paid to the radius, calcaneus,
sternum, and iliac crest as potential sites for IO cannulation [19-22].

Pain is a primary consideration with IO cannulation. The periosteum is highly
innervated, and IO catheter insertion leads to the stimulation of periosteal pain
fibers, inducing a sharp, highly localized perception of pain at the insertion site.
Subsequent infusion of fluid or medication, typically achieved with a high infusion
pressure using syringe injection, pressure bag, or infusion pump, leads to additional
pain due to the stimulation of pressure sensors within the medullary space. Although
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local anesthesia of the periosteum and soft tissues at the insertion site is not gener-
ally utilized, slow infusion (over 120 seconds, followed by a dwell time of 60 sec-
onds prior to subsequent infusion) of 20-40 mg (1-2 mL) of 2% lidocaine
(formulated for IV/IO injection) through the IO catheter is usually recommended
immediately after IO placement to anesthetize the intraosseous space in awake sub-
jects to mitigate this pain response prior to pressurized infusion [22-24].

The intrinsic intramedullary pressure inside of long bones is generally believed
to be approximately 25% of a patient’s systemic systolic blood pressure [25].
Consequently, to achieve forward flow of fluids or medication through the 10
device, infusion pressures must be greater than this intrinsic intramedullary pres-
sure. So-called “gravity” infusion, achieved without the use of syringe pressure or
pressurized infusion devices, is generally not adequate to overcome this intrinsic
intramedullary pressure. Consequently, gravity-driven flow rates (i.e., without the
use of pressurized infusion) are often inadequate to allow substantial forward fluid
flow rates through the 1O space. It is also likely that different IO insertion sites (i.e.,
different target bones) may have different intrinsic intramedullary pressures,
depending upon factors such as the volume capacity of the targeted intramedullary
space, the cumulative cross-sectional area of the venous drainage system, the type
and density of marrow present, proximity to the central circulation, and other
patient- or site-dependent factors. Consequently, different infusion pressures may
be required at different 1O infusion sites.

This chapter addresses the relative indications and contraindications for IO site
selection, as well as the known complications of IO access, and those devices cur-
rently available for use with this technique.

Indications for Intraosseous Access

In general, 1O access is indicated when other forms of vascular access are not read-
ily available for the infusion of fluids and medications. Because the pain associated
with IO infusion is not always alleviated with IO lidocaine injection, IO infusion is
often reserved for those patients who are unstable or insensate enough for the ben-
efits of immediate venous access to outweigh the risk of infusion pain, especially
those patients with severe hemodynamic or respiratory instability. Consequently,
most of the existing literature on clinical IO use in the prehospital or in-hospital
environment has focused on the use of 10 cannulation for cardiac arrest, profound
hypovolemia, or imminent respiratory collapse. As analgesic methods improve, the
IO route may become more commonly utilized in patients with difficult venous
access experiencing less dramatic clinical presentations.

Contraindications for Intraosseous Access

Although no absolute contraindications for the use of 10 access exist, relative contra-
indications have been described in the medical literature, especially pertaining to
specific 10 insertion sites. Although there is no absolute contraindication for 10
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placement, relative contraindications do exist, especially at specific bony sites.
Intraosseous cannulation is relatively contraindicated under the following conditions:

e Skin or bony infection at the selected insertion site. This is due to concerns that
the infectious agent (e.g., bacteria) could be transmitted to the medullary space
from the dermal surface or that the IO catheter could serve as a nidus for persis-
tent infection.

e Skin burn at the selected insertion site. This is due to concerns that the integrity
of the skin may be compromised, promoting infection or vascular compromise at
the skin surface, leading to increased risk of infection and dermal necrosis.

o Ipsilateral fracture of the selected extremity. This is due to concern that fluids or
medications infused through the IO device could extravasate into the adjacent
soft tissues due to discontinuity in the bony cortex of the selected target bone, or
due to disruption of the venous drainage system of the affected limb. This may
be more problematic if the fracture is proximal to the IO insertion site, although
providers should generally avoid IO cannulation in the presence of any fracture
of the ipsilateral extremity, even if the fracture appears to be distal to the poten-
tial infusion site.

e Disorders of bony metabolism. Conditions such as osteogenesis imperfecta,
osteopenia, and osteopetrosis have been suggested as relative contraindications
to IO cannulation, due to concerns that the force of the IO insertion could lead to
bony fracture or allow significant extravasation of infused substances at the
insertion site. Substances infused into the medullary cavity will seek out the path
of least resistance, which may be retrograde though the gap between the 10 cath-
eter and the osteotomy site in cases when bone density is inadequate for the bony
cortex to provide a secure grip on the IO catheter.

e Previous 10 attempts at the same target bone. Preexisting osteotomy (i.e., holes
in the bony cortex) produced by recent IO cannulation within 48 hours will pro-
vide a low-pressure route for fluid extravasation, as compared to naturally occur-
ring venous drainage tracts from the intramedullary space. This promotes fluid
extravasation from the marrow space into the soft tissues adjacent to the previous
osteotomy.

While these relative contraindications may prevent utilization of a specific target
bone, other bony targets may exist on the same patient. Patients will rarely have
contraindications for all potential IO insertion sites.

Common Intraosseous Insertion Sites

Although any intraosseous space can theoretically be targeted for 10 infusion, cer-
tain insertion sites seem to be preferred for this technique. Each of these sites has its
own relative advantages and disadvantages. This section will discuss each of the
reported IO insertion sites, including their own unique advantages and disadvan-
tages in the emergent resuscitation of the critically ill patient.
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Sternum (Manubrium)

The human sternum has been well-described as a potential IO infusion site. Its posi-
tion near to the central circulation and the relative absence of overlying soft tissue
make it a readily accessible and highly effective route for IO infusion. Comparative
studies suggest that the sternum has the greatest potential infusion flow rate of all IO
targets [26]. However, the sternum directly overlies the heart and other vital thoracic
structures, leading to perpetual concern about the risk of iatrogenic cardiac perfora-
tion. Although sternal puncture has been reported with manual 10 insertion utilizing
manual IO insertions [27], no incidents of cardiac perforation from the clinical use
of an FDA-approved 10 device have been reported in the modern literature.
Providing external chest compressions for patients experiencing cardiac arrest
requires considerable forces to be exerted on the distal sternum, which may inter-
fere with the use of this insertion site. Concerns regarding the risk of inadvertent
dislodgement and interference with chest compressions have limited utilization of
this site in cardiac arrest. However, it should be noted that the recommended “ster-
nal” IO insertion site is situated on the manubrium, and not the sternum itself. Thus,
the IO insertion site is far removed from the recommended site of chest compression
with cardiopulmonary resuscitation (i.e., distal sternum just superior to the xiphoid
process). The recommended sternal 1O insertion site is depicted in Fig. 7.2.

Insertion Site 1.5 cm below the sternal notch, inserted at an angle perpendicular to
the flat surface of the manubrium.

Available Devices FAST1™ (Pyng Medical) and T.A.L.O.N.™ (Teleflex). Teleflex
acquired Pyng Medical in April 2017. No other IO devices are currently recom-
mended by their manufacturers for sternal IO insertion. The FAST1™ device is
shown in Fig. 7.3. Note the presence of “stabilizer needles” surrounding the central
infusion tube on the FAST 1™, which serves to stabilize and hold the device in place
during deployment. Substances are only infused through the central infusion tubing.
Figure 7.4 shows a cross-sectional view of the infusion tubing seated firmly in the
manubrium, with the tip of the infusion tubing emptying directly into the intraosse-
ous space.

Insertion Techniques Downward pressure is applied at the insertion site on the
manubrium, utilizing the FAST1™ or similar device. A placement sticker is avail-
able from the manufacturer, to guide the provider on identification of the proper
insertion site.

Additional Instructions Chest compressions for Advanced Cardiac Life Support
(ACLS) can be performed in the setting of a sternal 10 device, although some care
must be taken to avoid dislodgement of the 1O catheter or interference with ACLS
efforts. While sternal 1O catheters are inserted at the cephalad portion of the manu-
brium, chest compressions are performed at the distal sternum, which should be
adequately removed from the insertion site to avoid accidental dislodgement or
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Fig.7.2 Sternal IO Suprasternal
insertion site notch

Insertion site

compression of the infusion tubing during active chest compression. Sternal 10
devices are only recommended currently by the manufacturers for those patients
>12 years old and >40 kg weight.

Clavicle

The clavicle has been proposed as a potential site of IO cannulation but has not been
extensively evaluated in cadaveric or clinical trials. Although it is a long bone with
proximity to the central circulation, the intramedullary space of the clavicle is of



7 Intraosseous Catheters 141

Fig.7.3 FAST1™
intraosseous infusion
device. (Image courtesy of
Teleflex Inc. © 2020
Teleflex Inc. All rights
reserved)

small caliber and may be prone to occult fracture in the setting of major thoracic
trauma. Thus, providers should exercise caution in considering its use for patients
who may have experienced blunt traumatic injury (e.g., chest trauma, fall). Excessive
depth of penetration could also risk injury to the subclavian vein, subclavian artery,
and other thoracic structures, if the catheter penetrates through the trans (deep)
cortex of the clavicular bone. Flow from the clavicle into the central circulation
appears to occur via the subclavian vein draining into the superior vena cava [28].
The IO flow rate from the clavicle appears to be comparable to that achieved with
subclavian central venous access, at 11.9 + 0.68 mL/kg/hr [29]. The insertion site
for clavicular IO insertion is shown in Fig. 7.5.
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Fig.7.4 Sternal 10
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10 catheter Bone
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Fig. 7.5 Clavicle IO
insertion site

Insertion Site Lateral to the clavicular notch of the manubrium [28].

Available Devices Major manufacturers do not currently endorse the use of their
devices at this site.

Insertion Techniques Lateral to the clavicular notch of the manubrium, with
insertion angle directed approximately 45 degrees laterally [28].

Proximal Humerus

The proximal humerus offers an optimal combination of anatomic location, acces-

sibility, and venous drainage. Flow rates at the proximal humerus are greater than
those seen with more distal insertion sites [22, 30]. This site offers the additional
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advantage of being sufficiently removed from the site of external chest compres-
sions as to not seem to interfere with the performance of external chest compres-
sions during cardiopulmonary resuscitation. This site has been extensively studied
in both trauma and cardiac arrest populations and appears to be easily accessible to
providers [22].

Insertion Site 1-2 cm above the surgical neck of the humerus, at the most promi-
nent aspect of the greater tubercle of the humerus.

Available Devices EZ-IO™ (Teleflex), B.I.G.™ (PerSys Medical), NIO™ (PerSys
Medical), or various manually-driven IO devices.

Insertion Techniques The recommended insertion technique for the EZ-IO™
(Teleflex) device is illustrated in Fig. 7.6. The patient’s hand on the side of inter-
est should be placed over the umbilicus, with the arm adducted (Fig. 7.6a). This
arm placement is intended to optimize exposure of the greater tubercle of the
humerus and avoid inadvertent placement of the device within the bicipital groove.
This is exceedingly important for the safety of patients, as the bicipital groove con-
tains the long tendon of the biceps brachii muscle (among other tendons) as well as
a branch of the anterior humeral circumflex artery, both of which are to be avoided
with the insertion. The groove is easily palpable on most patients and separates the
greater and lesser tubercles of the humerus. When the shoulder is rotated medially,
the groove will be felt to move medially.

For right-sided humeral 1O insertion, the palm of the provider’s right hand should
be placed over the proximal humerus anteriorly (hand parallel to the direction of the
patient’s spine), so that the bulk of the patient’s deltoid muscle is at the center of the
provider’s palm and the provider’s pinkie finger is at the anterior axillary crease
(Fig. 7.6b). The fingers of the provider’s hand are then extended, and the hand is
rotated to rest vertically at the anterior axillary crease (Fig. 7.6¢). This is said to look
like a “karate chop” of the patient’s anterior axillary line. The provider’s left hand is
then similarly oriented at the lateral midline of the humerus (Fig. 7.6d), bisecting
the deltoid muscle. Finally, the provider’s hands are rotated toward one another, and
the point where the provider’s thumbs meet represents a site halfway between the
anterior axillary line and the midline of the humerus (Fig. 7.6e). This is the approxi-
mate location of IO insertion. The recommended insertion site is along a line
depicted by the junction of the providers’ thumbs. Providers should identify the
surgical neck of the humerus, which is the spot where the “golf ball” of the greater
tubercle of the proximal humerus meets the “tee” of the surgical neck of the
humerus. The insertion site is on the most prominent aspect of the greater tubercle,
1-2 cm above the surgical neck of the humerus (Fig. 7.6f). This surgical neck is
commonly described as “where the golf ball [i.e., greater tubercle] meets the tee
[i.e., shaft of the humerus]” (Fig. 7.6g). The insertion angle is 45 degrees lateral to
the anterior plane, angled posteromedially toward the medial tip of the contralateral
scapula (Fig. 7.6h). Figure 7.6i through 7.6n illustrate placement of the stabilizer
device and initiation of infusion through the 1O catheter.
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Fig. 7.6 (a-n) Recommended insertion technique for EZ-IO™ humeral IO insertion. (Source
images courtesy of Teleflex Inc. © 2020 Teleflex Inc. All rights reserved)
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Fig. 7.6 (continued)
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Fig. 7.7 Recommended
insertion technique for
NIO™ humeral 10
insertion. (Image courtesy
of PerSys Medical. © 2020
PerSys Medical. All rights
reserved)

The recommended insertion site for the NIO™ (PerSys Medical) device is the
same as for the EZ-IO™, but the recommended insertion angle differs: 45 degrees
from the plane of the extremity with the EZ-IO™, and 90 degrees from the surface
of the bone for the NIO™ device. The insertion technique for the NIO™ (PerSys
Medical) is shown in Fig 7.7.

One alternative method for the identification of the humeral IO insertion site has
been described. In this alternative method (for a right humeral 10 placement), the
provider places their left index fingertip on the patient’s acromion process. The
thumb tip of the same hand is then placed on the coracoid process, medial to the
axilla. An imaginary line is drawn between these two points (the coracoid and acro-
mion), and a spot is identified at the midpoint of this line. The proper insertion loca-
tion is 2 cm inferior (i.e., toward the elbow) to this midpoint spot. The use of this
technique will ideally identify the same IO insertion site as the standard approach.

During and following humeral IO insertion, it is important that the cannulated
arm is restrained to prevent inappropriate movement of the upper extremity, which
can dislodge or bend the 10 catheter. A shoulder sling may be required for immobi-
lization in the poorly compliant or disoriented patient. Elevation of the patient’s
extremity above the head (as is often done to facilitate thoracic CT imaging) may
cause painful bending and dislodgement of the IO catheter, due to torque on the
catheter against the acromion process. Providers should provide adequate anticipa-
tory guidance to other members of the care team to avoid inappropriate manipula-
tion of the upper extremity following cannulation. For patients receiving chest
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compressions, the patient’s hand may be placed behind the patient’s back (i.e.,
underneath the patient) with the elbow flexed, to expose the relevant anatomy while
simultaneously restraining the arm from excessive movement. This provides a simi-
lar anatomic arrangement to the placement of the hand over the umbilicus, without
the risk of excessive arm movement during chest compressions.

Distal Radius

The distal radius, though far-removed from the central circulation, has been
described as a potential site for IO cannulation [31]. Although the radius is a long
bone and offers the advantage of being an easily accessible site, it has a smaller
intramedullary volume capacity than the proximal humerus and may be at higher
risk of occult fracture in polytrauma patients.

Insertion Site At the radial aspect of the base of the styloid process, on the dorso-
lateral side of the wrist [31].

Available Devices The Bone Injection Gun™ (B.1.G.) is approved in Europe for
this site. However, this site is not FDA-approved in the United States. Major manu-
facturers do not currently endorse their devices at this insertion site.

Insertion Techniques Insertion at the radial aspect of the styloid process, on the
dorsal side of the wrist (Fig. 7.8). Great care should be taken to avoid iatrogenic
injury to the blood vessels, nerves, joints, and bones of the wrist.

Iliac Crest

The iliac crest has great potential as an IO insertion site, due to its superficial loca-
tion and access to an extensive intraosseous space, but this site has not been exten-
sively explored in the existing literature. The iliac bone may serve as a large reservoir
for fluids and medications, but poor placement technique could theoretically intro-
duce risks of bowel perforation or injury to the deeper pelvic vessels. While existing
literature suggests that the iliac crest is an acceptable site for marrow biopsy with IO
cannulation, the use of the iliac crest for therapeutic 10 access remains speculative
[4, 28]. Drainage from the iliac crest appears to be via the inferior vena cava [28],
and flow rates appear to be similar to those achieved with clavicular IO infusion and
subclavian vein infusion [28, 29].

Insertion Site At the most prominent aspect of the iliac crest, with direction of
insertion being perpendicular to the surface of the bone.

Available Devices Manually driven IO devices. No major 1O device is currently
FDA-approved for clinical use at this insertion site.
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Fig.7.8 The distal radial
10 insertion site

Radial styloid
process

Insertion site

Insertion Techniques Insertion at the most prominent aspect of the iliac crest,
directed toward a perpendicular plane from the bony surface. The relevant anatomy
for iliac crest IO insertion is illustrated in Fig. 7.9.

Distal Femur

The distal femur IO insertion site appears to be best represented in the pediatric
literature, likely owing to the relative lack of muscle and other soft tissue overlying
this site in the pediatric population. While the capacity of this bony space has the
potential to be superior to tibial sites, flow rates through the femur have never been
clinically compared to the humerus or sternum, which appear to be the most similar
clinically relevant insertion sites. The utility of the femoral insertion site remains
largely unexplored in adults, for whom well-developed quadriceps musculature and
excessive adipose may impair its use. This is also a subdiaphragmatic approach,
which may suggest poorer performance than the humerus or sternum, due to
impaired circulation in low-flow states, such as cardiac arrest. Evidence of the clini-
cal utility of this insertion site in adults remains lacking in the available literature.
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Fig. 7.9 Anatomy of the
iliac crest, including 10
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Insertion Site 2-3 centimeters superior to the external condyles of the femur,
directly midline along the sagittal plane of this bone [4].

Available Devices EZ-IO™ (Teleflex), or manually driven IO devices.

Insertion Techniques With the patient’s leg in full extension, identify the external
(lateral/medial) femoral condyles. The medial condyle is often larger, and more eas-
ily palpated, than the lateral condyle. The needle should be placed 2-3 cm superior
to the external condyles, approximately 1-2 cm medial to the midline of the extrem-
ity [32]. To minimize risk of injury to the epiphyseal growth plate, needle insertion
should be angled 10-30 degrees away from the joint in children [4]. Figure 7.10
shows the relevant anatomy for distal femur IO insertion.

Proximal Tibia

The proximal tibia is the most commonly utilized IO insertion site for both pediatric
and adult subjects [21, 33]. This preference likely has historical origins, as the
canine tibia was one of the earliest sites explored by IO researchers [34]. The tibial
site is also far removed from the “action” of external chest compressions during
CPR, which has traditionally been perceived as an advantage. Unfortunately, blood
flow to subdiaphragmatic sites (including the tibia) is likely compromised in low-
flow states such as CPR, which generates only about 20-30% of normal cardiac
output [35, 36]. The proximal tibial site also has ready analogues in the canine and
porcine models, which have been leveraged by 10 researchers to simulate cardiac
arrest conditions using these animals. However, tibial IO devices have been shown
in many human studies to be inferior to supradiaphragmatic venous access, and the
flow rates from proximal tibial cannulation are well-known to be inferior to those
realized with supradiaphragmatic sites, such as the humerus and the sternum [37].
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Fig.7.10 Distal femur IO
insertion site

External
femoral
condyle

In fact, cadaveric flow from the sternum is 1.6 times greater than in the humerus and
3.1 times greater than at the tibial IO site [37]. In anatomic models, flow from the
proximal tibia appears to be via the popliteal vein [28].

Insertion Site 2 cm (two finger widths) inferior to the patella bone and then 2 cm
medially or 2 cm medial to the tibial tuberosity (in adults) [38].

Available Devices EZ-I0™ (Teleflex), international version of the B.I.G.™
(PerSys Medical) with variable needle length selection, or manually driven 10
devices. No devices with single fixed needle length depth of insertion are approved
at the distal tibia site.

Insertion Techniques With the knee extended, externally rotate the patient’s hip
until the flat aspect of the tibia is visualized and parallel to the surface of the patient’s
bed. With proper positioning, the foot should form an approximately 45 degree
angle with the bed. The level of insertion is 2 cm (about two finger widths) distal to
the inferior edge of the patella. The insertion site is at this level, but 2 cm medial to
the midline of the tibia, at the flat medial surface of the proximal tibia. In pediatric
subjects, the insertion angle has been described as 10-30 degrees away from the
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Insertion
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Fig.7.11 Proximal tibia IO insertion site

knee joint, to prevent theoretical injury to the epiphyseal growth plate [4]. Figure 7.11
shows the site for proximal tibial IO insertion.

Distal Tibia

The distal tibial insertion site suffers the disadvantages of the proximal tibial site,
with the added unfortunate distinction that it is even further from the patient’s cen-
tral circulation. Although the use of this site has been described, it should probably
be considered a site of last resort. The vasculature emanating from this site is of
smaller caliber than that from the proximal tibia. Consequently, both the arterial
supply and venous return to this area are highly compromised, in comparison to
most other IO insertion sites.

Insertion Site 3 cm superior to the most prominent part of the medial malleolus [4].

Available Devices EZ-IO™ (Teleflex), or manually driven IO devices. The NIO™
and B.I.G.™ (PerSys Medical) are approved for this site in Europe but not FDA-
approved in the United States.

Insertion Techniques Insertion site can be located by palpation of the most promi-
nent aspect of the medial malleolus. The provider can locate the anterior and poste-
rior edges of the tibia and place intraosseous device midline to this bone on the flat
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Insertion
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Fig.7.12 Distal tibia IO insertion site

aspect, approximately 3 cm cephalad. Insertion angle is perpendicular to the bony
surface of the tibia, at a depth of approximately 2 cm [4]. Figure 7.12 shows the
relevant anatomy for distal tibial 1O insertion.

Calcaneus

Insertion of an IO catheter at the calcaneus (i.e., “heel bone”) has been described in
a cadaveric study [31] and in a single pediatric case report [39], both by the same
author. In the case report, 1800 mL of crystalloid fluid was delivered over 6 hrs to a
3-year-old child, without complications [39]. This site does have potential value for
IO cannulation, as calcaneal cancellous bone has an open trabecular structure, anal-
ogous to the medullary cavity of long bones [31]. However, this site’s extremely
distal location relative to other IO cannulation sites suggests that the calcaneus
should be rarely utilized for IO cannulation in live subjects.

Insertion Site Approximately 2 cm from the calcaneal tuberosity on the ventral
portion of the medial process, between the first metatarsal and the calcaneal tuber-
osity [4]. Alternatively, insertion may be achieved at the anterior portion of the
medial tubercle, at the junction of the inferior and medial surfaces of the calca-
neus [31]. The medial aspect of the calcaneum has been recommended, “because
this can be accessed easily with external rotation/abduction of the ipsilateral hip
and slight flexion of the ipsilateral knee and the bone is immediately subcutane-
ous here” [39].
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Fig.7.13 Calcaneal IO insertion site (red dot), including relevant anatomy

Available Devices Major manufacturers do not endorse the use of their devices at
this site.

Insertion Techniques According to the described cadaveric technique, the cathe-
ter should be inserted at the anterior portion of the medial tubercle, at the junction
of the inferior and medial surfaces of the calcaneus [31]. Care should be taken to
avoid the epiphyseal plate (posteriorly) and the posterior tibial vessels (anterosupe-
riorly) as they pass below the medial malleolus. Figure 7.13 shows the relevant
anatomy for calcaneal IO insertion.

Complications of Intraosseous Cannulation

Intraosseous catheter placement may be associated with both immediate and delayed
complications. Immediate complications include those injuries occurring during the
insertion process, as well as injuries relating to catheter use that can be clinically identi-
fied within minutes or hours of catheter placement. Delayed complications are those inju-
ries to the patient that may appear days, weeks, or even months following IO insertion.

Immediate Complications

* Inability to place catheter
¢ Inability to infuse fluids or medications
e Pain with insertion
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* Pain with infusion

¢ Dislodgement of catheter

e Extravasation

e Pulmonary marrow or air embolism

e Catheter deformity

¢ latrogenic bone fracture

* Injury to great vessels of the chest (only with sternal 10)

Delayed Complications

¢ Infection (i.e., osteomyelitis, abscess, cellulitis, bacteremia, myonecrosis)
e Growth plate injury (in pediatric subjects)

e Compartment syndrome, with or without limb amputation

* Post-insertion hematoma

Analysis of the existing literature demonstrates a low rate of complications
and high success rate overall for clinical 10 catheter use. Lewis et al. reported no
major complications with 1,014 device deployments over a 5-year period [40].
Santos et al. reported a 1.3% complication rate and 90% success rate with 10
insertion [41]. Hallas et al. reported extravasation in 3.7% of cases, and compart-
ment syndrome and osteomyelitis combined occurred in approximately 1% of
subjects [42]. Difficulty aspirating bone marrow is encountered in 12.3% of sub-
jects, but failure to aspirate marrow does not necessarily imply malposition of
the catheter, as marrow may not be able to be aspirated in all properly placed
catheters [42].

The most common complication associated with IO insertion (besides pain) is
extravasation and fluid infiltration into the surrounding soft tissues, estimated to
occur in about 12% of cases [43]. This complication is likely attributable, at least in
part, to improper IO catheter insertion technique. Extravasation of infused medica-
tion or fluids may be expected when the IO catheter is inserted too deeply or too
shallow in relation to the bony cortex. Ideally, the tip of the IO catheter should ter-
minate in the medullary space following a single penetration of the cortex, without
significant obstruction from bony spicules, marrow, or debris within the medullary
space. Current manufacturers recommend that IO devices be flushed forcefully with
at least 10 mL of saline after placement and lidocaine administration, to clear mar-
row from the potential intramedullary infusion space and facilitate subsequent for-
ward flow. Failure to properly flush the IO catheter before attempted infusion may
lead to poor flow, increased intramedullary resistance to infusion, and increased risk
of subsequent extravasation.

Extravasation is likely to occur when the imposed volume and pressure upon the
10 space exceed its capacitance. Although large volumes of fluid and medication
can be safely infused through an IO catheter, providers should monitor the infusion
site frequently to identify extravasation early. Once a catheter has begun to extrava-
sate, it will likely continue to extravasate and (depending upon the pressure used for
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infusion); this can lead to localized soft tissue edema, increased soft tissue compart-
mental pressures, and even tissue necrosis.

Excessive torque on the IO catheter, which may widen the potential space
between the catheter and the corticotomy (i.e., hole in the cortex) could also contrib-
ute to extravasation, as this may open a potential space between the catheter and the
cortex that could accommodate retrograde passage of infused substances out of the
medullary space. Needle length has also been found to contribute to the likelihood
of extravasation, as longer needles may be more likely to pass through both the cis
(superficial, or near) and trans (deep, or far) cortex of the target bone [4]. This phe-
nomenon underscores the importance of selecting the correct length of catheter
according to the selected insertion site. Minimization of over-penetration may be
facilitated by ceasing forward penetration of the catheter when a lack of resistance
is felt, suggesting that the medullary cavity has been reached after penetrating the
bony cortex.

One way to minimize extravasation associated with IO devices is appropriate use
of an engineered stabilization device (ESD), which may be sold separately from the
1O catheter needle itself or may be bundled into the device packaging. These devices
often have a plastic locking hub that interfaces with the IO catheter itself, sur-
rounded by an adhesive film that secures to the patient’s skin around the insertion
site. These ESDs help to prevent inadvertent pulling and torque on the needle after
placement, which can cause loosening between the outer surface of the needle and
the surrounding cortex, ultimately leading to catheter migration or dislodgement.

Although needle length is important, needle type does not appear to significantly
impact extravasation rates. Insertion of various needle types, including the
Sussmane-Raszynski™ needle, nonthreaded needle, Jamshidi™, and Sur-Fast™
catheters, in a randomized animal study demonstrated that extravasation rates under
both pressure and gravity were shown to not be significantly different with different
needle types. However, the risks of extravasation cannot be overstated, especially
when hypertonic substances are infused. With certain infusion substrates, extrava-
sation can lead to necrosis of the surrounding soft tissue [44]. Ngo et al. reported
that soft tissue necrosis is associated with hypertonic solutions being extravasated
into the surrounding tissue [38]. Potentially necrotoxic medications include hyper-
tonic saline, sodium bicarbonate, dopamine, and calcium chloride. Tocantins et al.
noted that a minimum of 12 hours in between attempts is necessary for the body to
develop a blood clot at the original insertion site [18]. Other studies have shown that
as much as 48 hours may be required [4].

Compartment syndrome can occur when excessive extravasation from the 10
catheter leads to adequate pressure with the anatomic compartment to critically
reduce arterial perfusion [38]. The risk of compartment syndrome is limited by fre-
quent monitoring of the extremity and limitation of one 10 access attempt per bony
target [4]. In a recent review, 25% of compartment syndrome cases were attributed
to a displaced needle, and at least 30% were associated with iatrogenic fracture or
multiple IO attempts [4]. As early as 1945, Tocantins emphasized provider knowl-
edge of 10 insertions sites, familiarity with the approach, avoidance of “irritating”
substances, and abstinence of IO use in the presence of infection to avoid
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complications [18]. These principles remain effective at avoiding complications of
10 use. Undiagnosed subclinical fractures at the target bone have also been shown
to contribute to compartment syndrome [45]. The best way to avoid complications
of IO use appears to be adequate understanding of the clinical contraindications to
IO use at a specific 10 insertion site and strict adherence to monitoring of the
extremity after cannulation to detect early signs of compartment syndrome and
excessive fluid extravasation.

Monitoring distal arterial pressures with a blood pressure cuff distal to the inser-
tion site may also help serve to identify compartment syndrome before adverse
clinical effects can develop. Strausbaugh et al. utilized blood pressure cuffs to deter-
mine whether an IO needle was placed correctly or not by comparing the flow rate
of both correctly placed and incorrectly placed IO needles before and after inflating
a blood pressure cuff, both superior and inferior to the site. They discovered that
after the blood pressure cuff was inflated, the mean percent flow decreased 48% in
correctly placed needles and 95% with improperly placed needles [46]. This is
because the intraosseous space will remain patent despite the direct pressure applied
at the cuff site, while lymphatic and venous drainage from the surrounding soft tis-
sues is greatly reduced. Small amounts of extravasated fluid and medication are
normally picked up by the lymphatic and venous systems, but rapid fluid infusion
may overwhelm this drainage system and lead to fluid accumulation adjacent to the
insertion site.

Medications

Most medications that can be safely infused through a peripheral intravenous cath-
eter have been infused through an IO catheter in clinical practice. In many ways, the
10 route has been “grandfathered” into equivalency with the IV route, although this
assumption is largely based upon historical, anecdotal evidence. Very few studies
have confirmed the bioavailability of medications infused indirectly via IO catheter
as compared to infusion through a direct intravenous line.

Resuscitation efforts with various animal models in the setting of cardiac arrest
comparing intraosseous to intravenous access have demonstrated no significant dif-
ference in rates of return of spontaneous circulation (ROSC) or central venous con-
centrations of common resuscitative medications [47-53]. Such studies have led to
a consensus opinion that IO and PIV access are bioequivalent when administering
common resuscitative medications. Fluid infusion has been similarly assumed to be
equivalent, although intramedullary pressures are much greater than the intravenous
pressures typically encountered during PIV or CVC cannulation. Additional
research is needed to determine whether clinical outcomes following IO infusion
are indeed equivalent to those seen with IV infusion of these medications.

The primary considerations with IO infusion relate to the risks of extravasation
and subsequent injury to the vascular system and soft tissues. Since medications and
fluids injected into the medullary space must be taken up by very small draining
veins, potent vasoconstrictors could theoretically compromise their own egress
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from the medullary cavity. The biochemical mediators which regulate drainage
from the 10 space are poorly understood, and it is likely that certain substances may
cause unanticipated damage to the usual mechanisms controlling drainage from the
medullary space. It is also likely that certain fat-soluble medications experience a
“depot effect,” resulting in slower than expected egress from the medullary space in
adults due to binding with the adipose tissues within the medullary cavity. This
could lead to a slower peak concentration and reduced peak concentrations follow-
ing 10 infusion. Drugs that have already been shown to exhibit a depot effect fol-
lowing IO infusion include ceftriaxone, chloramphenicol, phenytoin, and
tobramycin [54].

Flow Rates

The flow rate achievable with an 1O catheter depends upon a variety of factors,
including the following:

e Gauge and length of catheter

e Anatomic insertion site

e Impediments to flow

 Infusion pressure through the catheter

e Intraosseous medullary pressure

e Venous outflow pressure gradient

While each of these factors should be considered in predicting catheter flow,
some of these factors may be outside of the control of the clinical provider. Typical
flow rates reported for 1O catheters are provided in Table 7.1.

Most modern IO catheters are of a 15-gauge diameter, although length varies
according to manufacturer and anticipated use. As stated previously in this book,
shorter and wider catheters permit greater fluid flow rates. In addition, the intrinsic
resistance to flow is much greater within the bony medullary cavity than within the

Table 7.1 Flow rates associated with various IO insertion sites

Insertion site
Sternum

Clavicle
Proximal
humerus
Distal radius
Tliac crest

Distal femur
Proximal tibia

Distal tibia
Calcaneus

Flow rates (gravity)
3.4 mL/min [55]

11.9 £ 0.68 mL/kg/hr [28]
81.8-84 mL/min [38, 57]

Unknown

32.2 +4.48 mL/kg/hr [28],
0.53 £ 0.32 mL/kg/min* [58]
1.03 + 0.66 mL/kg/min® [58],
9.3 mL/min® [59]

4.96-73 mL/min [38, 57, 60]
2.07 mL/min [60]

S mL/min [39]

Notes: *canine study; "swine study

Flow rates (pressurized)

50-100 mL/min with 465-1000 mmHg*
[37,56]

Unknown

57.1-153 mL/min [37, 38, 57]

Unknown
1.5 + 0.60 mL/kg/min® [58]

2.10 £ 0.71 mL/kg/min?® [58], 29.5 mL/
min with 300 mmHg" [59]

7.70-204.6 mL/min [37, 38, 57, 60]
3.80 mL/min [60]

Unknown
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venous system. Consequently, a 15-gauge IO catheter should not be expected to
realize the same flow rates as a PIV with similar gauge and length, unless additional
infusion pressure (e.g., pressure bag) is provided.

Time Required for Placement

Many studies have been performed comparing the insertion speed and first-attempt
success rate between currently available intraosseous devices. Jun et al. compared
intraosseous insertion speed and success rate among medical students using turkey
bones and pork ribs [61]. This study compared students with no training to students
who had practiced the insertion technique. In this study, insertion time for the
Ilinois™ needle was 33 + 44 seconds, compared to 54 + 43 seconds for the Sur-
Fast™ needle among inexperienced users. However, the speed of placement was
essentially the same for experienced users of both devices. The success rate of the
Ilinois™ needle showed no improvement with practice, although rate of successful
placement for the Sur-Fast™ needle improved from 79% to 95% [61].

Other studies have compared manual IO devices to semiautomated 10 devices.
Brenner et al. compared a manual IO device to the EZ-IO™ system and noted simi-
lar insertion times (32 + 11 seconds for EZ-IO™ placement vs. 33 + 28 seconds for
the manual device) [62]. However, the EZ-IO™ was associated with a higher first-
attempt success rate (97.8%) compared to the manual device (79.5%) [62]. Shavit
et al. found that 69% (20/29) of students preferred the EZ-IO™ device over a man-
ual device and enjoyed a significantly higher first-attempt success rate with the
EZ-10™ (97%) when compared to the B.I.G.™ (65.5%) [63]. Leidel et al. found no
significant difference in placement success rate and overall procedure time between
the B.I.G.™ and the EZ-IO™ [64].

Kurowski et al. found that the first-attempt success rate for the B.I.G.™ was
roughly 92%, better than the EZ-I0O™ (83%) and Jamshidi™ (48%). In this study,
the use of the B.I.G.™ was associated with a mean insertion time of 2.0 + 0.7 min-
utes, while the EZ-IO™ insertion time was 3.1 + 0.9 minutes, and the Jamshidi™
required 4.2 £ 1.0 minutes [65]. In another study comparing the EZ-IO™, B.1.G.™,
and a manual device, the EZ-IO™ device was associated with a 96% success rate,
better than the B.I.G.™ (55%) or manual IO device (50%) [66].

The FAST1™ has been shown to have a 73% rate of successful insertion, with an
average procedural time of 67 seconds [67].

The NIO™ device is a semiautomated device, which has also been compared to
other available intraosseous devices. In a randomized manikin experiment by
Szarpak et al. including 84 paramedics, the first IO attempt success rate of NIO™
was 89.3% for the tibia and 73.8% for the humerus, suggesting that the tibia is asso-
ciated with an easier and more rapid insertion than the humerus site [68]. Bielski
et al. compared the pediatric NIO™ with the Pediatric B.1.G.™, EZ-IO™, and
Jamshidi™ in a cohort of 87 paramedics. They found that the NIO™ had roughly a
9-second insertion time, while the B.I.G.™ was associated with a 12-second inser-
tion time, the EZ-IO™ required a 13.5-second insertion time, and the Jamshidi
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required a 15-second insertion time. This study suggested that the NIO™ device is
associated with a much shorter placement time than the EZ-I0O™, B.I.G.™, or
Jamshidi™. Statistical differences were also seen with the EZ-IO™ and B.I.G.™,
when compared to the Jamshidi™ [69].

Banerjee et al. observed 60 pediatric patients with dehydration to determine the
average amount of effort required to establish vascular access. In this study, they
found that an IO device could be secured within 5 minutes in all patients who had
an IO attempted, while PIV access was only successfully achieved in two-thirds of
subjects within the first 5 minutes of dedicated effort [70]. Overall, the time taken to
adequately administer a PIV was roughly 129 + 13 seconds, compared to IO can-
nulation requiring 67 + 7 seconds. In this study, IO devices required less than half
of the time needed to secure a PIV, suggesting that IO may be more rapidly estab-
lished than PIV in dehydrated pediatric subjects [70].

Manual Intraosseous Devices

Thirty years ago, all intraosseous devices available on the market were manual
devices. Despite the recent expansion of the IO market to include mechanically
driven devices, manual 1O catheters still deserve a place in the provider’s repertoire.
These devices are all characterized by reliance upon the clinician to provide all the
force needed for insertion. Consequently, these devices are more challenging to
place in hard bones, especially the lower extremities of adult subjects. However, the
less calcified bones of infants and children, as well as the upper (i.e., non-weight
bearing) extremities of adults, may present less of a challenge for manual 10
insertion.

The “traditional” manual IO needles that remain commercially available at the
time of this writing include the standard Cook™ (Cook Medical), Dieckmann™
(Cook Medical), Sussmane-Raszynski™ (Cook Medical), Illinois™ (Becton,
Dickinson, and Company), and Jamshidi™ (Becton, Dickinson, and Company)
models. These needles all differ regarding the style of their hub, needle length, and
shape of the trocar tip and are available in a variety of gauges and catheter lengths.
The Dieckmann™ modification of the standard Cook needle (Fig. 7.14) includes a
45 degree angle at the trocar tip and is distinguished from other manual IO models
by the presence of laterally opposed side ports positioned near the needle cannula’s
distal tip to ensure proper flow if the needle tip is obstructed. The Dieckmann™
comes in 3 cm or 4 cm cannula lengths, with 14-, 16-, or 18-G internal diameter.

The Jamshidi™ and Illinois™ devices feature an adjustable depth guard, which
can be moved up or down on the needle to theoretically prevent over-penetration.
The depth guard can also be removed, allowing for deeper penetration. The
Jamshidi™ size used for patients >9 months of age is 15 G with length adjustable
from 24 to 48 mm. The manufacturer recommends using the 18-G needle with 14 to
48 mm adjustable length in patients <9 months of age. Although the greater poten-
tial length of this needle can be advantageous, this increased length also raises the
center of gravity for the device and may increase difficulty of placement [71]. As
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Fig.7.14 Dieckmann™
manual intraosseous
needle. (Image courtesy of
Cook Medical Inc. © 2020
Cook Medical Inc. All
rights reserved)

Fig. 7.15 Tllinois™ manual intraosseous needle. (Images courtesy of Becton, Dickinson and
Company Inc. © 2020 Becton, Dickinson and Company Inc. All rights reserved)

illustrated in Figs. 7.15 and 7.16, the Illinois™ needle has a wider handle than the
Jamshidi™ needle, and both devices protrude from the patient approximately 2
inches after deployment, which may predispose to accidental dislodgement of the
catheter. By contrast, the Cook™ catheters have a detachable handle, lowering the
catheter’s profile after deployment (Fig. 7.17). However, the depth guard may still
be elevated above skin level. Consequently, a silicone Molnar disc and pull tie are
recommended to help stabilize the Cook™ catheter at skin level. The original
Jamshidi needle was designed circa 1971 and tapers distally toward a non-serrated
cutting end [72], intended to minimize crushing of the tissue with placement and
reduce the risk of subsequent catheter occlusion [73].

The Sussmane-Raszynski™ and Sur-Fast™ (Cook Medical) manual IO cathe-
ters featured a “threaded” external cannula that was “screwed” into the bone. The
Sussmane-Raszynski™ uses a fine-screw needle cannula and was available in 3 cm
length with 16-G needle and a 45 degree trocar. The Sur-Fast™ cannula featured a
coarser thread to secure the catheter in the bone. The insertion kit for the Sur-Fast™
also included a small scalpel used to cut through the overlying skin prior to
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Fig.7.16 Jamshidi™
manual intraosseous
needle. (Image courtesy of
Becton, Dickinson and
Company Inc. © 2020
Becton, Dickinson and
Company Inc. All rights
reserved)

Fig.7.17 Standard
Cook™ manual
intraosseous needle. <
(Image courtesy of Cook
Medical Incorporated. ©
2020 Cook Medical
Incorporated. All rights
reserved)

insertion. These threaded catheters are shown in Fig. 7.18. Many other eponymous
intraosseous catheter designs have been developed and abandoned over the last cen-
tury, including various modifications. Those with an interest in the history of
intraosseous cannulation and manual IO catheter design are directed to a literature
review by Parapia [74].

The T'A.L.O. N.™ (Tactically Advanced Lifesaving Intraosseous Needle) intraos-
seous device (Teleflex, Inc.) is the first and only manual IO device currently FDA-
cleared for insertion at all seven primary IO insertion sites (i.e., sternum, bilateral
proximal humerus, bilateral proximal tibia, and bilateral distal tibia) [75]. As with
the other Teleflex 10 devices, it is a 15-gauge catheter made from grade 304 stain-
less steel. The T.A.L.O. N.™ comes in a standard 38.5 mm length and includes a
“sternal stabilizer” to help secure the device and prevent overpenetration. The
T.A.L.O.N. device is shown in Fig. 7.19, along with the stabilizer device and infu-
sion tubing attachment.

The SAM Medical™ 10 needle driver is a lightweight (75 grams) manually oper-
ated device, powered by repeated trigger compression while guiding the needle
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Fig. 7.18 Sussmane-Raszynski™ (left) and Sur-Fast™ (right) IO catheters.
Cook Medical Inc. © 2020 Cook Medical Inc. All rights reserved)

Fig.7.19 The T.A.L.O. N.™ intraosseous system, including sternal stabilizer and EZ-Connect®
extension set. (Image courtesy of Teleflex Inc. © 2020 Teleflex Inc. All rights reserved)

assembly into position [76]. The rotational spin of the needle (actuated by the trig-
ger compression), along with forward pressure provided by the user, facilitates a
finely controlled insertion when compared to conventional manual IO devices. The
driver is made of a polycarbonate material and is reported by the manufacturer to
last 10,000 actuations. The standard 15-gauge catheter comes in three lengths (15,
25, and 45 mm), which can be used for both pediatric and adult subjects. The SAM
10 Needle Adapter™ allows the SAM IO Driver to accommodate “alternative” 10
needles (e.g., EZ-IO™) [76]. The SAM IO manual driver and needle are shown in
Fig. 7.20.

The FASTI™ was the first IO device approved for sternal placement, receiving
FDA approval for use in adults in 1997, and pediatric subjects >12 years old in 2008
[77]. This single-use device is employed exclusively at the sternum. It is a “muscle-
powered” device that is designed to project into the sternal medullary cavity of
adults through direct application of approximately 45 lbs force by the provider and
does not use a spring or other mechanical augmentation of force to facilitate inser-
tion. The user must first place a target patch on the patient’s manubrium, focus the
introducer on the desired area of insertion, and push firmly on the introducer to
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Fig.7.20 The SAM

Medical™ manual 10

needle driver. (Image =
courtesy of SAM Medical T _
Inc. © 2020 SAM Medical

Inc. All rights reserved)

Fig.7.21 The FAST1™ intraosseous device. (Image courtesy of Teleflex Inc. © 2020 Teleflex Inc.
All rights reserved)

insert the infusion tube into the sternum. The infusion tube is then left in the ster-
num and attached to an I'V extension set [77]. This device is shown in Fig. 7.21.

Pyng released the FASTResponder™ in 2013, a modified version of the FAST1™
device. Another version of the FASTResponder™, termed the FASTCombat™,
became available around the same time, in “‘combat colors.” In 2016, Pyng released
the FASTTactical™ sternal 10 device, which is analogous to the FAST1™ but
includes a rigid tube packaging to protect the device from damage [78]. The
FASTResponder™ is shown in Fig. 7.22.

At the time of this writing, the FAST1™ appears to be primarily marketed to
military users, while the FASTResponder™ is being marketed to civilian users.
FASTTactical™ is available to both military and civilian providers [78].

Becton, Dickinson and Company has more recently released the BD™ man-
ual Intraosseous Vascular Access System, which uses needle cannulae of vari-
able lengths attached to a color-coded manual driver handle (pink 15 mm, blue
25 mm, yellow 45 mm). During placement, the catheter is advanced through the
soft tissues and into the marrow space by manually rotating the device clock-
wise and counterclockwise while applying gentle downward pressure. This is a
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Fig. 7.22 The FASTResponder™ intraosseous device. (Image courtesy of Teleflex Inc. © 2020
Teleflex Inc. All rights reserved)

Fig.7.23 The BD™ Intraosseous Vascular Access System, shown with 15 mm needle and manual
driver handle (left), securement device (right). (Image courtesy of Becton, Dickinson and Company
Inc. © 2020 Becton, Dickinson and Company Inc. All rights reserved)

single-use device, and the kit comes with a securement device and extension
tubing set with needle-free valve. The securement device clamps around the
needle hub, allowing for it to be applied before or after the extension tubing has
been attached. The BD™ Intraosseous Vascular Access System is shown in
Fig. 7.23.

Semiautomatic Intraosseous Devices

The deployment of intraosseous devices for adult subjects has been made easier by
the advent of mechanically driven (i.e., semiautomatic) techniques. These devices,
unlike manual IO needles, do not rely exclusively on force provided by the clini-
cian. Consequently, these devices may be easier to deploy in the hardened bones of
adult subjects but may also introduce a greater risk of iatrogenic injury if the deliv-
ered force is excessive or the device is deployed inappropriately.

At present, mechanically driven IO devices are generally of two types: battery-
powered drills and spring-loaded devices. The battery-powered drill devices may
offer superior user control over the insertion process, as they allow the provider to
control and adjust the depth of insertion. However, these devices rely upon a battery
for the energy required to drive the insertion and thus may be exposed to the risk of
battery depletion, which can cause slowing or failure of insertion due to binding of
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the motor or even motor failure. With these devices, the 10 needle and driver device
are usually packaged (and sold) separately, and the driver device (e.g., “drill”) is
reusable but requires sterilization between patient uses.

The EZ-IO™ system is an FDA-approved device for proximal tibia, proximal
humerus, and distal tibia insertion in adult and pediatric patients, as well as distal
femur insertion in pediatric patients [4]. The EZ-IO™ is a battery-powered device
with three needle sizes that are 15 gauge and differ in length (15, 25, and 45 mm)
[79]. This device was the first battery-powered 1O device to appear on the market
[4]. Pediatric subjects are defined as those weighing 3 to 39 kg, regardless of age
[4]. The IO catheters for this device are color-coded, including 15 mm (pink),
25 mm (blue), and 45 mm (yellow) sizes. In October 2020, the device received FDA
510(k) clearance to expand the indications for use to allow for up to 48-hour (previ-
ously 24-hour) dwell time when alternate IV access is not available or reliably
established in patients aged 12 years and above. The EZ-IO™ system is shown in
Fig. 7.24.

The BD™ Intraosseous Vascular Access system is a newer competitor in the
field, with similar mechanism for placement, including a “drill” placement device
and individual needles (Fig. 7.25).

Spring-loaded devices, on the other hand, use the potential energy from an inter-
nal coiled metal spring to drive the IO needle into the bone. These devices incorpo-
rate the “driver” inside the same housing as the IO needle, obviating the need to
sterilize a separate driver after use. These devices generally come prepackaged
inside a sterile wrapping and are more lightweight than even the smallest battery-
powered drills. However, the depth and the force of insertion are preset in these
devices, with different devices recommended for different applications (according
to patient age or weight, with insertion site according to soft tissue depth, etc.).
Consequently, spring-loaded 10 devices must be selected carefully for the right
application, as inappropriate device selection may result in excessive force or depth
being used with the insertion. Spring-loaded devices compress the soft tissues dur-
ing deployment and therefore may not require the longer needle length required
with other 10 devices.

The B.1.G.™ (Bone Injection Gun) device is approved by the FDA for proximal
humerus and proximal tibia insertion in adults and children [4]. This device is FDA-
approved for proximal tibial and humeral insertions [4]. This device is a single-use
spring-loaded 10 device with both pediatric and adult gauges. The insertion angle is
90 degrees from the site of insertion [4]. The pediatric catheter is 18 gauge, and the
adult catheter is 15 gauge in diameter [78]. The pediatric B.I.G.™ catheter is recom-
mended for patients aged less than 12 years old [4]. The international version of the
B.I.G.™ has a dial for selecting variable predetermined needle lengths, although the
US version is sold as a fixed-depth device. This device is shown in Fig. 7.26.

The NIO™ (PerSys Medical) device is FDA-approved for proximal humerus and
proximal tibial insertion. It is a semiautomated single-use device that has both pedi-
atric and adult versions [68]. The NIO™ adult is for subjects aged 12 years of age
or older. The pediatric device is intended for ages 3—11 years [69]. These devices
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Fig. 7.24 The EZ-IO™ intraosseous system, including stabilizer and extension tubing. (/Image
courtesy of Teleflex Inc. © 2020 Teleflex Inc. All rights reserved)

have a 5-year shelf-life. The NIO™ for adults and pediatric subjects is shown in
Fig. 7.27.

PerSys Medical has more recently introduced the NIO™ Infant device, which is
indicated for patients between gestational age 36 weeks (weight >2.3 kg) and 3
years old. This device features an innovative Stepped Needle® design, which pro-
vides gradated penetration into the bone marrow cavity to prevent over-penetration.
It also includes a safety needle cap and unique fixation dressing, allowing for uni-
versal securement. This device is shown in Fig. 7.28.
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Fig.7.25 The BD™
Intraosseous Vascular
Access system device.
(Image courtesy of Becton,
Dickinson and Company
Inc. © 2020 Becton,
Dickinson and Company
Inc. All rights reserved)

Fig.7.26 The BIG™ (Bone Injection Gun) for adult (blue) and pediatric subjects (red). (Images
courtesy of PerSys Medical Inc. © 2020 PerSys Medical Inc. All rights reserved)

Confirmation of Proper Placement

Although the ability to aspirate bone marrow through an IO catheter immediately
after placement does suggest that the tip of the device is within the medullary cavity,
the inability to aspirate bone marrow is not a reliable indicator of inappropriate tip
position. Bony spicules or particulate matter within the medullary space can prevent
aspiration of blood and other marrow contents without preventing infusion through
the device. Given the risks of infiltration or extravasation associated with catheter
malposition, most notably subsequent soft tissue necrosis and compartment syn-
drome, alternative strategies have been sought to confirm proper catheter placement
prior to the initiation of infusion.
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Fig. 7.27 The NIO™ intraosseous device for adult (blue) and pediatric (red) subjects. (Images
courtesy of PerSys Medical Inc. © 2020 PerSys Medical Inc. All rights reserved)

Ultrasound visualization of the insertion site, including color flow Doppler imag-
ing of the intramedullary space during a 10 mL syringe infusion, has been proposed
as a potential solution [19, 80, 81]. The absence of turbulent intramedullary flow (or
the presence of flow in the adjacent soft tissues) during a “test” 10 mL syringe infu-
sion has been shown to detect catheter tip position in the soft tissues [19, 80, 81].
Catheters that are properly positioned, with their tip inside the medullary cavity,
should generate detectable intramedullary color flow Doppler signals when rapid IO
infusion is performed. Real-time ultrasound imaging of the target bone and
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Fig.7.28 The NIO™
Infant intraosseous device.
(Image courtesy of PerSys
Medical Inc. © 2020
PerSys Medical Inc. All
rights reserved)
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superficial soft tissues during the insertion attempt can also be used to aid in the
identification of the proper insertion site.

The so-called “squeeze test” may also be of benefit to providers when ultrasound
confirmation is not available [82, 83]. Although this technique was developed in
piglets [82], its use has been reported in the care of human patients [83]. Because
compression of the soft tissues increases soft tissue compartment pressure but does
not substantially increase intramedullary pressure, direct manual compression
(“squeezing”) of the soft tissues around an IO insertion site is expected to increase
resistance to flow (and reduce fluid flow rates) when the catheter has been placed
incorrectly resulting in infusion into the soft tissue compartment. Alternatively, the
flow through a properly placed IO catheter (with tip in the medullary space) does
not appear to be adversely affected [82, 83].

Since 10 cannulae are composed of surgical steel, they do appear on plain X-ray
films, and X-ray may be adequate to confirm that the catheter tip has penetrated the
bony cortex [84]. However, reliance upon X-ray films to confirm IO placement
introduces additional cost and radiation exposure, and single-view X-rays may not
exclude the possibility of both frans and cis (i.e., “through-and-through™) cortical
penetration. Complete penetration through both cortices can be especially problem-
atic in pediatric subjects due to the small caliber of the medullary space and less
resistance to penetration with their relatively softer bones. The target space for pedi-
atric IO placement can be quite small. For example, the medullary cavity diameter
at the proximal tibia is 7 mm + 3 mm for infants, <1 year., 4 mm for newborn, and
2 mm in neonates [85, 86]. At least one institution has developed a computed
tomography protocol to confirm proper IO placement, with claims by the authors
that this approach is easier and faster and leads to less radiation and procedure time
than plain film imaging [87].

Devices are also beginning to be developed to help providers to identify the
proper insertion site for IO catheter placement. One such device is the Tib-Finder™
intraosseous placement guide, which is placed on the patient’s leg and interfaces
with the patient’s patella (“kneecap”) to suggest the correct IO insertion site to the
provider [88]. The designers of this device are currently working on the develop-
ment of a similar tool for the humeral insertion site.

Conclusion

Although intraosseous infusion has been employed for most of a century, the value
of 10 infusion has become increasingly apparent for patients who present to the
emergency care provider with difficult vascular access. Intraosseous access has a
long and storied history and has been proven over time to be safe and effective at
achieving vascular access when intravenous access is delayed or impossible.
Limitations in the use of IO access are mostly focused upon the pain associated with
its use, and this limitation must be considered in its use in the clinical environment.
Despite its limitations, IO access should be considered by emergency care providers
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who are unable to establish intravenous access rapidly. Emergency care providers
must be aware of the potential IO insertion sites available to them and should not
hesitate to utilize this approach when other options are not available. Although the
proximal tibial IO insertion site is generally preferred by providers, this site offers
suboptimal access in low-flow states such as cardiac arrest. Providers should con-
sider humeral and sternal IO options when immediate resuscitation is required,
especially when proximal intravenous access is not available. Modern devices allow
easy access to the IO medullary space, and powered 10O devices should be selected
over manual devices, when available. Future research should seek to assess the pres-
ent assumption that medications administered through the IO route are equally effi-
cacious to those infused through IV devices. This is especially important to the
future of cardiac arrest research. Providers should consider 1O access whenever they
are unable to establish IV access rapidly. Additional research is needed to determine
the most effective means of achieving analgesia for 1O infusion, as pain is a major
limitation to the use of 1O infusion for sensate patients.

Key Concepts

 Intraosseous catheters are a useful adjunct for the experienced clinician in
treating patients with difficult vascular access, especially clinically unsta-
ble patients.

» Intraosseous access utilizes a non-collapsible space to deliver fluids and
medications and therefore may be a more reliable route for patients with
cardiovascular collapse and profound hypovolemia than direct intrave-
nous access.

e While the proximal tibia and proximal humerus are the most commonly
utilized IO insertion sites, other insertion sites may offer distinct advantages.

* The “depot effect” and other physiological factors could theoretically lead
to delayed or diminished response to certain medications infused through
the IO route, but very few medications have been extensively studied.

e Pain with infusion remains a challenge for providers who wish to utilize
the 10 route in awake patients. Other complications appear to be rare and
generally preventable with proper insertion technique and close monitor-
ing of the insertion site.

* Providers should carefully consider the advantages and disadvantages of
intraosseous cannulation as they relate to the specific needs of their patient.
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Jennifer R. Noble, Jordan Schneider, and James H. Paxton

Introduction

Obtaining emergent vascular access for pediatric patients poses additional chal-
lenges beyond those routinely encountered with adult patients, including anatomi-
cal differences, difficulties restraining patient movement during cannulation
procedures, and parental anxiety [1]. Anatomical considerations for pediatric sub-
jects include greater head-to-body size ratio, excess superficial soft tissue, increased
tissue softness, and smaller, more compressible vasculature. These differences
impact both landmark identification and cannulation success rates for pediatric
patients [1, 2]. Practical concerns relating to these anatomical differences will lead
providers to consider the benefits and risks of vascular access differently for pediat-
ric subjects. This chapter summarizes the key considerations when attempting
emergent vascular access for pediatric patients, with a special focus on how pediat-
ric venous access techniques differ from those used with adult subjects.

The type and gauge of vascular access device (VAD) recommended for pediatric
subjects differs according to the age of the patient. It is important to remember that
pediatric patients have smaller blood vessels than adults, which influences the gauge
of catheter recommended. A balance should be sought between providing adequate

J. R. Noble (P<)

Department of Pediatrics, Division of Pediatric Emergency Medicine, Children’s Hospital of
Michigan, Detroit, MI, USA

e-mail: JNoble@med.wayne.edu

J. Schneider

Department of Pediatrics, Division of Critical Care Medicine, Children’s Hospital of
Michigan, Detroit, MI, USA

e-mail: JSCHNEID @dmc.org

J. H. Paxton

Department of Emergency Medicine, Wayne State University School of Medicine,
Detroit, MI, USA

e-mail: james.paxton@wayne.edu

© Springer Nature Switzerland AG 2021 177
J. H. Paxton (ed.), Emergent Vascular Access,
https://doi.org/10.1007/978-3-030-77177-5_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77177-5_8&domain=pdf
https://doi.org/10.1007/978-3-030-77177-5_8#DOI
mailto:JNoble@med.wayne.edu
mailto:JSCHNEID@dmc.org
mailto:james.paxton@wayne.edu

178 J.R.Noble et al.

capacity for flow and avoiding complications related to an excessively large can-
nula. In general, a cross-sectional catheter-to-vein ratio (CVR) of <50% is recom-
mended for pediatric patients and <33% for neonates [3-5]. Larger CVRs may
predispose to venous thrombosis and phlebitis [3, 4], while exceedingly small-
caliber catheters are predisposed to catheter occlusion [5].

Certain definitions for the various classifications of pediatric subjects must be
familiar to the emergent access provider. Neonates are generally defined as pediatric
subjects within the first 28 days of extrauterine life, while infants are those subjects
less than 1 year of age [6]. Children born prematurely (<37 weeks’ gestation) or
with low birth weight (<2500 grams) generally have decreased whole-body energy
stores, despite greater metabolic needs when compared to full-term, average-weight
newborns. Additionally, extracellular water makes up a larger proportion of body
weight in infants (70-80%) compared to adults (60%) [7]. Circulating blood vol-
ume is approximately 89—105 mL/kg in premature newborns, drops to 82—-86 mL/
kg in term births, and declines to 70 mL/kg in adults [8]. Although infants have
more circulating blood volume per unit of body weight than adults, their absolute
blood volume remains quite small. These factors combine to make neonates and
infants more vulnerable to hypovolemia than older children and adults [9]. Although
the absolute volumes of fluid required to restore euvolemia may be less in pediatric
subjects, they remain more sensitive to fluid loss than adults, underscoring the need
for rapid vascular access to meet their infusion needs.

Pediatric Vascular Access Devices

Many options are available to providers when attempting emergent vascular access
for pediatric subjects, including intraosseous (IO), peripheral intravenous (PIV),
midline (MLC), peripherally inserted central catheter (PICC), and central venous
catheter (CVC) devices. These approaches to vascular access are discussed in
greater depth in the corresponding chapters of this text. Table 8.1 compares the
types of vascular access device (VAD) most commonly utilized for pediatric sub-
jects, including the relative advantages and disadvantages of each technique.

Intraosseous (10) Catheter

The intraosseous route is ideal for critically-ill children, as the medullary space of
long bones provides a non-collapsible vascular access route, even in the presence of
severe hypovolemia and hypotension. This starkly contrasts with the peripheral
venous system, which typically collapses in shock states, complicating peripheral
(or even central) venous cannulation. As mentioned in Chap. 7, a wide range of 10
access systems exist, including manual and mechanically powered devices.

Most designated 1O catheters are 20-gauge in diameter, but the length of 10 cath-
eter required for individual patients will vary according to the patient’s body weight
and the anatomic site selected for cannulation. In general, a 15-mm IO needle is
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Table 8.1 Comparison of different vascular access devices used for pediatric resuscitation

Type of access Common sites Advantages Disadvantages
Intraosseous Femur, proximal  Easily and rapidly placed, Short-term use, can only
(I0) catheter tibia, distal tibia accesses a non-collapsible  infuse PIV-compatible
space solutions, risk of
extravasation and related
complications
Peripheral Dorsal plexus of Simple, cost-efficient, Short-term use, infiltration
intravenous hand or foot, minimal complications, may risk, can be difficult to
(PIV) catheter  saphenous vein, be placed rapidly place in some patients,
antecubital veins, blood draws can be
external jugular difficult
vein, scalp veins
Midline Deep peripheral Longer dwell times than IO/ Blood draws can be
catheter (MLC) veins of the upper  PIV, more easily inserted difficult, can only infuse
extremity than CVC, no radiographic ~ PIV-compatible solutions
confirmation required
Peripherally Cephalic vein, Blood sampling possible, Need specialized training
inserted central brachial vein, patient can be sent home to place, radiographic
catheter basilic vein with PICC, central-only confirmation needed,
(PICC) solutions can be given, can  patient care education
monitor CVP and mixed required if going home
venous oxygen saturation with PICC
Central venous Internal jugular Multiple lumens, easy blood Need specialized training
catheter (CVC) vein, femoral vein, sampling, can monitor CVP to place, cannot be sent
subclavian vein and mixed venous oxygen home, limited dwell times
saturation, central-only due to infection risk,

solutions can be given, can  highest risk of life-
be placed faster than PICC  threatening complications

utilized at all body sites for patients weighing 3 to 39 kg, regardless of age.
Manufacturers do not generally endorse the use of 10 for patients with body weight
<3 kg, although the use of 10 catheters in neonatal subjects has been well-described
in the medical literature [10]. The long bones of pediatric patients are softer and less
calcified than those of adults, which may allow alternate IO infusion devices (e.g.,
butterfly needle, short spinal tap needle) to penetrate the bony cortex and cannulate
the IO space for purposes of 10 infusion [10, 11]. Pediatric patients with excessive
soft tissue thickness at the selected insertion site may require the use of a 25-mm-
long IO catheter, although care should be taken to avoid excessive insertion depths
to reduce the risk of extravasation. The use of excessive force with IO insertion must
be avoided in pediatric subjects, as pediatric long bones are poorly calcified and
prone to fracture when excessive force is applied. In addition, the smaller size of the
intramedullary space inherently reduces the volume-accepting capacity of the 10
space, and the veins that drain this space are of smaller caliber and therefore less
able to accommodate large volumes of infusion.

These differences would seem to increase the risk that excessive infusion pres-
sure and volume could lead to extravasation of fluid into the soft tissues surrounding
the IO insertion site. Given the smaller size of extremity soft tissue compartments
relative to the volume infused, it follows that excessive volume infusion through an
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Table 8.2 Comparison of Location Adult (>40kg) Child (3-39 kg)
anatomic sngs for }ntre.losse— Proximal humerus Yes Not recommended
ous catheter insertion in Sternum Yes Not recommended
children and adults Iliac crest Yes Not recommended

Distal femur Yes Yes

Proximal tibia Yes Yes

Distal tibia Yes Yes

IO catheter may be more likely to lead to increased compartmental pressures and
produce compartment syndrome. The risk of simultaneous iatrogenic cis and trans
penetration of the target bone (i.e., penetration through both sides of the bone)
would also seem to be increased with pediatric IO placement due to small medullary
size, further increasing the risk of extravasation with IO infusion. While monitoring
IO insertion sites for signs of extravasation is important for any patient of any age,
the risk of compartment syndrome due to IO extravasation in the pediatric popula-
tion may be greater than that for adult subjects. Thus, a heightened awareness of this
risk is paramount when placing 1O catheters in children.

The anatomic locations recommended for 1O catheter placement in children are
more restrictive than those endorsed for adults. Recommended sites for 10 place-
ment in infants and children with body weight <40 kg include the proximal tibia,
distal tibia, and distal femur [11]. Chapter 7 of this book describes 10 placement,
including the wide range of devices available to the emergency care provider. A
comparison of recommended IO catheter insertion sites for adult and pediatric sub-
jects is provided in Table 8.2.

Landmark-Based Peripheral Intravenous (PIV) Catheter

Peripheral intravenous (PIV) access has traditionally been considered the preferred
approach for rapid delivery of isotonic solutions in pediatric patients with undif-
ferentiated hypotension and shock. Large-bore PIV catheters are preferred to central
venous catheter (CVC) placement, due to more rapid placement times, shorter can-
nula lengths, and lower rates of complications [12, 13]. The shorter length charac-
teristic of PIV catheters allows for less resistance to forward flow, facilitating higher
fluid infusion rates [14]. Peripheral veins in the scalp, hands, feet, and antecubital
region may be the only accessible PIV insertion sites in infants, due to increased
body fat relative to older children and adults. The gauge of catheter selected depends
upon the age of the patient and the site selected. Among neonates, 24- or 26-gauge
catheters are most often used, although any catheter in the 20- to 28-gauge range
may be considered [5, 9]. The 22- to 24-gauge over-the-needle-type PIV catheters
are most commonly used in children [9].

Placement of PIV devices in pediatric subjects differs from that in adults,
although some similarities are found. As with adults, the nondominant hand is pre-
ferred for cannulation, although younger children may not have a dominant hand.
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Areas of flexion (e.g., wrist) should be avoided [4]. Distal veins in the upper extrem-
ities should be considered before more proximal or lower extremity venous targets.
In contrast to adult patients, lower extremity veins are often considered in pediatric
subjects. Due to decreased compliance with vascular access attempts, it is generally
recommended to consider the use of arm boards when the hand veins are targeted in
pediatric subjects, to minimize movement of the extremity after venous access has
been established.

The dorsal arch veins of the hand are often the first area targeted in pediatric
patients, although care must be taken to avoid the dorsal digital arteries. Collateral
circulation exists between the deep and superficial arterial arches of the hand at
most digits, which appears to minimize the risk of ischemia when the dorsal digital
arteries are injured during vascular access attempts. However, the thumb may be at
a higher risk of VAD-related ischemia, as both the dorsal and palmar arteries may
arise from the princeps pollicis artery of the thumb (a branch of the radial artery),
which is dorsal and superficial to the first web space muscles in 10-15% of infants
[15]. The cephalic vein at the anatomic snuffbox of the wrist is a common target for
pediatric patients. This vein is often quite large and generally available. Veins at the
volar (palmar) aspect of the wrist are small in pediatric patients and not as durable
as dorsal hand or antecubital veins. Since central venous access is often attempted
in pediatric subjects at the antecubital fossa, this site is not recommended for first
consideration in pediatric PIV access attempts.

When treating a conscious pediatric inpatient, vascular access attempts should be
conducted outside of the child’s room whenever possible, leaving the child’s room
their “safe space.” Regardless of where the attempt is made, providers should ensure
that additional staff are on hand to help in distracting the patient or otherwise facili-
tating the attempt. Providers should use developmentally supportive measures to
minimize stress, such as a pacifier, talking softly, swaddling with the parent [16], or
avoiding sudden moves [7]. When parents are available to assist the provider, it is
recommended to have the child face the parent [16].

Infants should be covered with a blanket to minimize cold stress during the
attempt. Providers should consider placing the extremity on an arm board before
venipuncture attempts on the dorsal hand. Transillumination devices (as mentioned
in Chap. 10) placed beneath the extremity can help to improve vein visualization.
The oral administration of 2 mL of a 25% sucrose solution by syringe or on a paci-
fier immediately prior to the procedure may help to decrease pain perception [16].
Providers should also consider use of a topical anesthetic cream at the planned
insertion site, although this application should occur up to 1 hour before venipunc-
ture to maximize the effect. Providers should use only hypoallergenic or paper tape
to secure the catheter and should apply warm water to the catheter during the
removal attempt to facilitate easy removal.

The major superficial scalp veins can be used for vascular access in children up
to age 18 months of age, after which time this route becomes more challenging due
to the maturation of the hair follicles and toughening of the epidermis [9]. The four
scalp veins most commonly used for PIV access are the temporal, frontal, posterior
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auricular, and occipital veins. Unlike most peripheral veins, scalp veins do not con-
tain valves [7]. The patient’s head is maintained in a dependent position during the
attempt to promote venous distension. The four most common scalp veins used for
venous access are illustrated in Fig. 8.1. Image also shows a rubber band across the
forehead to engorge the veins, as well as a common technique for securing the but-
terfly needle to the scalp with adhesive tape.

The use of scalp veins for venous access may be foreign to those providers who
are accustomed to treating adult patients, as this is not a recommended access site
for adults. However, scalp veins are frequently accessible in infant subjects due to
their larger relative head size in comparison with body size. In general, this access
site is considered when other access sites for peripheral IV cannulation have been
exhausted or determined to be inaccessible. When considering the scalp veins for
cannulation, the provider should locate the commonly accessed scalp veins (as
above), with preference for a vein behind the hairline to avoid visible scarring due
to PIV placement. It may be necessary to shave the area of interest to increase visu-
alization of the target vein and facilitate dressing adherence to the scalp. Elastic
band placement around the head above the level of the ears and eyes may help to
engorge the target veins prior to cannulation. A butterfly needle (23-, 25-, or
27-gauge) or 22- or 24-gauge over-the-needle PIV catheter is typically used for this
procedure.

When placing a scalp PIV, the patient should be restrained in the supine posi-
tion, with an assistant available to stabilize the patient’s head during the

Frontal veins

Occipital vein

Superficial
temporal vein

Posterior
auricular vein

Fig.8.1 Scalp veins commonly available for peripheral intravenous cannulation in infants
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procedure to prevent patient movement during placement. The optimal vein
selected will have a straight segment long enough to accommodate the length of
PIV catheter intended to dwell within the vein. It is important to assess target
vessels for the presence of pulsation, which would suggest that the vessel is arte-
rial and not appropriate for cannulation. An elastic band (e.g., rubber band) may
be placed around the head above the level of the eyes and ears to enhance
engorgement of the vessel. This will increase the diameter of the vessel and
enhance visualization. It may be helpful to place a piece of tape around the rub-
ber band to provide a tab to grasp and lift when removal of the elastic band is
desired after cannulation.

Topical antiseptic solution should be applied to the insertion site and allowed to
dry prior to cannulation. The needle should penetrate the scalp 5 mm from the
desired venous cannulation site, with an angle of insertion of about 30 degrees. The
needle should be inserted in the direction of blood flow. Once the needle has pene-
trated the target vein, the elastic band should be released and the catheter flushed
with 0.5 mL of saline to confirm intravascular placement. If the fluid extravasates
with formation of a wheal at the site, this is evidence of extravasation and subopti-
mal cannulation, and the insertion should be attempted at a different site. Once the
catheter has been appropriately placed, the device should be anchored to the scalp
with tape and measures taken to avoid accidental dislodgement. Complications
include accidental arterial cannulation, ecchymosis and hematoma at the insertion
site, and infection.

Additional peripheral venous cannulation sites should also be considered. The
external jugular (EJ) vein is generally visible in pediatric subjects and lies superfi-
cial to the skin surface, over the sternocleidomastoid muscle [1]. Although this vein
drains into the central circulation, the EJ vein turns sharply under the clavicle, pre-
venting central venous cannulation from this site [1]. This vein’s superficial depth
usually allows for direct compression in the event of iatrogenic hematoma [2].
However, pediatric patients with excessive neck fat or short neck may not have a
visible EJ vein. The use of this insertion site is not recommended in pediatric sub-
Jjects if the vein is not superficially visible [1].

Cannulation of the pedal (foot) veins is often attempted in pediatric subjects,
although pedal vein cannulation is not recommended in adult patients. Peripheral
venous cannulation of the foot is targeted at the dorsal venous arch and venous
plexus, including the long saphenous vein, short saphenous vein, and lateral/medial
marginal veins. These pedal veins, along with the other common pediatric periph-
eral venous targets of the hands and feet, are illustrated in Fig. 8.2.

In an undifferentiated pediatric population, PIV catheter insertion appears to be
most often successful when performed at the cephalic vein in the proximal forearm
using US guidance, or at the antecubital fossa [17, 18]. Peripheral IV cannulae
placed in the forearm also appear to be more durable than those placed in the scalp,
hand, or leg [19]. Catheters inserted at the bend of the arm or the lower extremity
appear to be more likely to infiltrate or fail to infuse [20].
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Fig. 8.2 Common sites for landmark-based PIV cannulation in infants and children

Ultrasound-Guided Peripheral Intravenous (US-PIV) Catheter

The success rate for ultrasound-guided PIV (US-PIV) placement is highly variable
in children, and the use of US guidance does not improve first-attempt success rates
for PIV catheterization in a general pediatric population [21]. However, US-PIV
placement may be of special value in pediatric patients with difficult venous access,
including those who have already failed multiple previous landmark-based PIV
attempts [22], obese subjects, and chronically ill patients with a history of frequent
hospitalizations requiring IV insertion [23]. Among pediatric patients (including
infants) with difficult vascular access, the use of US guidance is associated with
faster peripheral venous cannulation, with fewer attempts and needle redirections
[24-27]. These benefits have been demonstrated with both emergency nurse and
emergency physician providers [25]. Considering the additional challenges inherent
to the pediatric population, US visualization of anatomy may be of use by allowing
providers to better evaluate and identify the most appropriate venous access points,
to more safely insert peripheral and central venous catheters, and to immediately
identify complications [13, 28-31]. The complication rate for PIV access has been
shown to positively correlate with the number of vascular access attempts made;
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thus, the use of ultrasound to decrease the number of required attempts may reason-
ably be expected to reduce complication rates for pediatric patients [28].

The brachial vein, cephalic vein, and basilic vein of the upper arm are the vessels
most commonly targeted with US-PIV placement in pediatric subjects [2].
Ultrasound guidance is most useful for pediatric patients with small-caliber veins or
excessive peripheral fat, especially at the antecubital veins [2, 32]. The use of
ultrasound-guided peripheral venous catheters may be especially valuable to pedi-
atric subjects requiring infusions lasting longer than 5 days [33, 34].

The IV catheters used for US-PIV placement are generally longer than standard
PIV catheters; as with adults, short PIV catheters may not be long enough to can-
nulate deeper arm veins [2]. However, the use of longer PIV catheters, especially
those with small internal diameters, is associated with greater resistance to flow
[14]. Pressure-assisted flow and/or micropuncture catheters may be required if rapid
fluid administration is needed, to compensate for this additional vascular resis-
tance [14].

The degree of venous and arterial compression may be different during US-PIV
insertion in pediatric patients when compared to adult subjects, as the vasculature of
pediatric subjects is more easily collapsed with soft tissue compression [2].
Generous use of ultrasound gel appears to help mitigate excessive probe pres-
sures [35].

Central Venous Catheter (CVC)

The approach to CVC placement for pediatric patients mirrors that of adult patients,
which is already described in Chaps. 5 and 6 of this text. It should be noted that PIV
or intraosseous (IO) access is generally preferred to central venous access during
initial pediatric resuscitative efforts, although the decision to place a CVC should be
guided by the patient’s specific medical condition and therapeutic needs. The com-
mon indications for the use of CVC are listed as follows [36]:

e Short-term administration of intravenous medications requiring continuous
administration or frequent blood collection

e Prolonged administration of intravenous medications

e Administration of parenteral nutrition or hyperosmolar solutions

e Administration of total plasma exchanges, red blood cell exchanges, erythrocy-
tapheresis, and clotting factors

¢ Administration of cyclical chemotherapy

Ultrasound guidance is recommended for central venous catheter (CVC) place-
ment in all pediatric patients [2]. Existing evidence suggests that ultrasound-guided
central venous catheter (US-CVC) placement in pediatric populations has a success
rate of up to 98% [29]. The complication rate for pediatric US-CVC placement in a
general pediatric population is quite low, reported to be around 5% [29]. However,
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complications rates have been shown to be higher in infants than in older children,
especially among infants less than 2.5 kg in body weight, at around 28% [30].

Locations for CVC placement in the pediatric population include the femoral
(FEM) vein, internal jugular (1J) vein, subclavian (SC) vein, and peripherally
inserted central catheters (PICC) in the basilic vein or brachial vein of the upper
extremity. While the preferred insertion sites for CVC lines are the 1J and SC veins
in adults, these veins may be prohibitively difficult to cannulate in pediatric sub-
jects. Consequently, the FEM vein is often considered first-line for CVC cannula-
tion in pediatric subjects [2, 37]. This vein is easily accessed under emergent
conditions and is less prone to difficulties in line placement with pediatric subjects.

Many factors should be taken into consideration during selection of a CVC inser-
tion site, including the patient’s preexisting medical conditions, venous anatomy,
the indication and urgency of the need for venous access, provider experience, and
available devices [2]. Patient age, weight, and height are important determinants of
catheter length and caliber among pediatric patients [38—43]. Table 8.3 provides a
comparison of the mean 1J, SC, and FEM central vein diameters associated with
different age categories.

Previous studies have shown that the internal diameter of the 1J vein in neonates
and infants may be smaller than the diameter of the standard “big-radius” curved
J-tip Seldinger guidewire, leading to difficulties in cannulating the IJ and SC veins
with a standard guidewire [46]. Furthermore, the use of Trendelenburg positioning
does not appear to increase 1J diameter in children less than 6 years old [46]. The
diameter of CVC device recommended depends greatly upon the age of the patient.
For example, 3-Fr catheters are recommended for FEM CVC placement in patients
<1 year old, with 4- or 5-Fr catheters used in young children [42].

Although the extrapolation of evidence from studies of adult populations to pedi-
atric subjects is controversial, pediatric-specific studies have confirmed that the
carina remains an appropriate anatomical and radiological landmark for determin-
ing whether the tip of an 1J or SC catheter is placed properly in infants and small
children [48].

In general, complications of CVC placement in children mirror those encoun-
tered in the adult population. Early complications include pneumothorax, hemotho-
rax, cardiac tamponade, arterial puncture, hematoma formation, air embolism, and
cardiac arrhythmia [1]. Late complications include erosion of the vessel wall, vein
thrombosis (including potential occlusion of the lumen), catheter rupture, dislodge-
ment or migration of the catheter, and catheter-associated infections of the soft tis-
sues or bloodstream [1]. These risks may be further increased in infants and other

Table 8.3 Mean central vein diameter (mm), according to age [38-47]

Central vein Neonates Infant Child (<6 yo) Adolescent Adult
Internal jugular (IJ) vein 5.5 8.9 10.5 11.9 11.3
Subclavian (SC) vein 5.6 5.5 6.9 8.5 11

Femoral (FEM) vein 3.8 4.5 7.3 7.8 8.9
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pediatric patients with extremity or vascular abnormalities [1]. The risk of catheter-
associated infection appears to be increased with increased proximity of the inser-
tion site, as well as the use of a polyurethane catheter in infants [49]. Younger
pediatric subjects appear to have a higher risk of iatrogenic vertebral artery puncture
with 1J attempts due to the relative proximity of this artery to the 1J vein [50].

The femoral (FEM) vein is often the first choice of insertion site for emergent
CVC access in pediatric subjects, as it is associated with easily recognizable land-
marks [49] and can be cannulated quickly during emergent resuscitation [1].
Contraindications to FEM CVC placement include vascular malformation of the
lower extremity, congenital malformation of the lower extremity, femoral hernia,
abdominal tumor, trauma, or abdominal ascites [1]. Ultrasound-guided CVC place-
ment at the FEM site is associated with a higher first-attempt success rate and fewer
needle passes in pediatric patients when compared to other CVC sites [49]. Reported
disadvantages of the FEM site include a high risk of contamination, difficulty secur-
ing the catheter, and patient discomfort [1]. However, the complication rate associ-
ated with FEM CVC insertion is similar to that for other central venous sites in the
pediatric population (including infants) [51, 52]. Although the FEM insertion site is
generally discouraged for adult patients due to concerns of increased infection risk,
the rate of bloodstream infection associated with FEM CVCs in children is approxi-
mately 3.7%, lower than that for other CVC insertion sites (7.3%) [52].

The internal jugular (1J) vein is associated with the highest procedural success
rate for CVC placement among pediatric patients (86% vs. 65% at other CVC sites),
but this site may also be associated with a higher risk of complications in children
[33]. Like the FEM insertion site, placement of an IJ CVC does not interfere with
cardiopulmonary resuscitation efforts in pediatric patients [2]. Unlike subclavian
insertions, the insertion site for IJ cannulation is well-exposed and allows for direct
compression of the site to avoid hematoma formation or excessive bleeding follow-
ing a failed attempt [2]. Despite the relative safety of IJ placement, ultrasound guid-
ance is recommended for placement of 1IJ CVCs in pediatric patients [2]. Certain
characteristics common to pediatric subjects, including excessive neck fat and short
neck size, may complicate use of the 1J insertion site [33]. Reported complications
following 1J CVC placement include carotid artery puncture, pneumothorax, tho-
racic duct injury (especially if performed on the left side), sympathetic nerve injury,
neuropathy, venous thrombosis, and infection [53]. As with adults, the 1J vein is
typically easier to cannulate on the patient’s right side, since the 1J vein usually joins
with the SC vein at a straighter angle on this side [54]. The pleural dome is also
lower on the right, theoretically decreasing the risk of pneumothorax [1]. In addi-
tion, the thoracic duct is significantly larger on the left side; on the right, it is gener-
ally smaller and often congenitally absent [1].

The subclavian (SC) vein is not a common choice of site for emergent central
vascular access in pediatric patients [2, 49]. The SC vein is generally smaller and
arches more superiorly in infants than in adults, and the percutaneous entry site for
this venous access point may be more difficult to identify [1, 49]. Additionally,
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while subclavian vein catheters are associated with a low risk for infectious compli-
cations in adults, this has not been definitively established in children [55].

Successful placement of a subclavian CVC for pediatric patients, especially
infants, requires an advanced skill set, due to the presence of increased subcutane-
ous fat obscuring external landmarks and obstructed views of the target vessel due
to shadowing from the clavicle [1]. Proper positioning of the patient during the
access attempt is essential. Placement of a towel roll between the shoulders may
help to elevate the chest and expose the relevant anatomy [55]. Malpositioning is a
common problem with pediatric SC lines, including catheter migration [55].
Complications known to be associated with SC CVC placement include pneumo-
thorax, bleeding, cardiac tamponade, dysrhythmia, thoracic duct injuries, air embo-
lism, and neuropathy [1]. In children, the SC CVC insertion site is associated with
the highest rate of fatal complications, when compared to the FEM or 1J insertion
sites [53, 56, 57].

Axillary (AX) vein CVC placement can be performed using US guidance and
appears to be associated with higher first-attempt placement success rate (46% vs.
40%) and shorter median time to placement (156 sec vs. 180 sec) than landmark-
based SC CVC placement [58]. Ultrasound-guided supraclavicular brachiocephalic
(BC) vein CVC placement appears to be more successful on the first attempt than 1J
CVC, with reduced puncture attempts and cannulation time in critically ill chil-
dren [59].

A comparison of the three most common CVC insertion sites, including their
relative advantages, disadvantages, and characteristic complications, are provided
in Table 8.4.

Table 8.4 Comparison of CVC insertion sites for pediatric patients

Central

vein Advantages Disadvantages Complications

Internal Direct route to SVC Takes longer, requires more Carotid artery puncture,

jugular (IJ) (R1)), larger lumen operator experience, more pneumothorax, thoracic
diameter, removed difficult in pts. <1 year with  duct injury, infection,
from the resuscitation  short, fat necks; more difficult bleeding, thrombosis
field, directly in patients with
compressible tracheostomies or who are not

intubated

Subclavian Less collapsible, easier Requires operator experience, Pneumothorax,

(SC) to secure, lower no access to control bleeding, hemothorax, thoracic
infection rates (in higher risk of pneumothorax/  duct injury, tamponade,
older children) hemothorax during placement, catheter malposition,

not commonly placed under  infection, bleeding,
US guidance thrombosis

Femoral Requires the least Risk of contamination, may Femoral artery puncture,

(FEM) operator experience, be more uncomfortable for intraperitoneal/
fastest, remote from patients retroperitoneal catheter
the resuscitation field, malposition, infection,
available for direct bleeding, thrombosis

compression
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Peripherally Inserted Central Catheter (PICC)

A peripherally inserted central catheter (PICC) is an intermediate-term vascular
access inserted in a vein of the deep arm (e.g., basilic, brachial, or cephalic), with
the tip positioned at the junction of superior vena cava and right atrium. Insertion of
a PICC line is typically not a viable option for emergent vascular access in children
or adults. Placement of these lines requires specific resources (e.g., equipment,
expertise, time, and patient compliance) that may not be available to the unstable
patient. When they are placed in children, the basilic vein appears to be the pre-
ferred insertion site, although many other options are available [3, 4].

In older children, ultrasound-guided Seldinger technique is used [60]. In neo-
nates, cubital or saphenous veins are cannulated utilizing a sheath-over-needle
apparatus. Fluoroscopy is typically used to confirm proper placement [61].
Complications of forearm venous cannulations in pediatric patients include infec-
tion, hematoma, infiltration, and superficial and deep vein thrombosis [62—64].
Placement of PICC lines in the lower extremity is suggested in patients with con-
genital cardiac conditions, due to lower associated risk of complications [5]. The
rate of complications associated with PICC line insertion has been shown to decrease
with advancing age in children [20].

Umbilical Vein/Artery Catheterization (UVC/UACQ)

Although most commonly performed in the delivery room, umbilical vein catheter-
ization (UVC) and umbilical artery catheterization (UAC) remain a viable option
for emergent vascular access in newborns within the first 7-14 days of life [65-67].
It should be reserved for cases in which alternate access is impossible or inadequate,
as UVC is associated with a high rate of complications, including infection and
thrombosis [65-68].

Although direct peripheral intravenous access remains the preferred vascular
access route for neonates, UVC is associated with greater placement success rates
than peripheral venous access techniques in the setting of emergent neonatal resus-
citation [66]. The umbilical vein can be used for exchange transfusions, central
venous pressure monitoring, fluid infusion, and medication administration [66].
However, both UVC and UAC are contraindicated in patients with gastroschisis,
omphalitis, omphalocele, peritonitis, necrotizing enterocolitis, or compromised
lower extremity blood flow.

At term birth, the umbilical cord is approximately 1.8 cm in diameter, containing
two umbilical arteries and one umbilical vein [69]. The umbilical arteries are distin-
guished from the veins by their smaller (4 mm vs. 8 mm) internal diameter and
thicker vessel walls. As illustrated in Fig. 8.3, the umbilical vein is usually situated
at the 12 o’clock position on the stump, with the paired umbilical arteries on the
opposite side of the cord. The three umbilical vessels are surrounded within the cord
by Wharton’s jelly, a mucoid connective tissue that performs the role of the tunica
adventitia, which is not present in umbilical vessels [70]. Thus, this substance
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Fig. 8.3 Neonatal vascular anatomy, including oxygenation levels of blood in the umbilical cord
and associated vessels

provides structural support for the vessels and aids in their contraction, to prevent
kinking of the vessels in utero.

Prior to birth, the uterine placenta provides the fetus with oxygen, so the blood
coming from the fetus into the placenta is moderately deoxygenated, and the blood
coming from the placenta to the fetus via the umbilical veins is oxygen-rich. The
umbilical vein anastomoses with the fetal venous system via the ductus venosus,
which bypasses the hepatic vasculature to drain directly into the inferior vena cava
(IVC). The ductus venosus begins to close within days of birth and is functionally
closed in most newborns by age 1 week [71]. This limits the use of the umbilical
vein for direct infusion into the IVC to the first 1-2 weeks after birth. The two
umbilical arteries anastomose with the corresponding internal iliac arteries, which
derive from the common iliac arteries arising from the terminal aorta [72]. Figure 8.3
shows the normal fetal anatomy, including major blood vessels of the fetus and
neonate. As this figure shows, blood entering the fetus from the placenta is highly
oxygenated, while blood leaving the fetus via the umbilical arteries has a mid-level
oxygen saturation.

Cannulation of the UVC is performed as follows [73]. The umbilical stump is
first scrubbed with a bactericidal solution, and a loop of umbilical tape (or purse-
string suture) is placed around the cord at its junction with the skin surface.
Povidone-iodine solution is recommended for UVC and UAC, as the use of
chlorhexidine solution is associated with increased risk of chemical burns to the
skin, especially in preterm neonates [4].
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The cord is then transected with a No. 11 blade scalpel approximately 1 cm
above the skin surface, and the vessels are identified. The umbilical vein may con-
tinue to bleed after cutting, although the arteries tend not to bleed. The umbilical
vein can be dilated gently with non-teethed curved Iris forceps, as needed. The
catheter is then inserted to a depth of 1-2 cm beyond the point at which good blood
flow is detected. The standard umbilical vein catheter sizes range from 3.5 Fr (for
preterm neonates, <3500 grams) to 5 Fr (for term neonates, >3500 grams) [73]. The
usual depth of insertion for a term newborn is 4-5 cm [73]. Once free backflow of
blood is verified, the catheter is anchored to the umbilical cord with the umbilical
tape or purse-string suture. If resistance is met, the stump can be pulled inferiorly
(i.e., toward the patient’s feet) so that the catheter is being directed more superiorly
(i.e., toward the patient’s head). This may reduce the angle of insertion and alleviate
obstruction from the surrounding soft tissues. An overly tight umbilical tape (or
purse-strong suture) may also be suspected if difficulty is encountered when
attempting to advance the catheter.

If central venous monitoring is desired, the catheter should be inserted further
(usually 10-12 cm) until it reaches the IVC. Proper tip position (within the IVC, just
distal to the right atrium) is confirmed radiologically but usually corresponds to an
insertion depth equal to two-thirds of the distance from the patient’s shoulder to the
umbilicus. Visualization of injected saline through the UVC with ultrasound can be
used to confirm proper UVC tip position and identify inadvertent malpositioning
within the hepatic portal circulation [4, 74]. A tape bridge may be used to secure the
catheter to the patient’s abdomen after placement. Figure 8.4 shows the three stages
of UVC placement, including cord transection (a), catheter insertion (b), and subse-
quent stabilization of the line with a tape bridge (c).

Umbilical artery catheterization (UAC) can be used to facilitate continuous arte-
rial blood pressure monitoring, blood gas sampling, and exchange transfusions in
neonates. The placement technique mirrors that of umbilical vein catheterization,
although curved Iris forceps may be needed to dilate the arteries as they are usually
smaller and more muscular than the vein. After cannulation of the umbilical artery,
the catheter is flushed with heparinized saline to avoid inadvertent introduction of
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Fig. 8.4 Three stages of umbilical vein catheterization



192 J.R.Noble et al.

air bubbles. Lidocaine 2% for intravascular use may be trickled on the artery to
prevent arterial spasm. The radiological position of the catheter tip on post-
placement chest X-ray should be between the sixth and ninth thoracic vertebrae.
This “high position” of umbilical artery catheter (i.e., between T6 and T9 vertebral
levels) is preferred over the “low position” (L3 to L4 level), as it is associated with
fewer complications [4]. The formula used to calculate the required insertion depth
for umbilical artery catheters is depth (cm) = 9 + (3 x weight in kg) [61].

Umbilical venous catheters should be removed as soon as they no longer needed
(ideally within 7-10 days) but can be used for up to 14 days if managed appropri-
ately [4]. Umbilical artery catheters should be removed as soon as no longer needed
or when providers note any sign of vascular insufficiency to the lower extremities.
An umbilical artery catheter should not be left in place for more than 5 days [75].
Removal of umbilical catheters should be done over several minutes, to reduce the
risk of bleeding and to allow vasospasm (in the case of UACs) [4].

Arterial Catheters

Arterial catheters are generally used for invasive continuous blood pressure moni-
toring or when frequent arterial blood gas analysis is required. In newborns <2 weeks
of age, the umbilical artery can be used, as described above. In infants and children,
the radial artery, femoral artery, and posterior tibial artery are commonly used.
The technique is like that used for adults, as described in Chap. 13. However, US
guidance for radial artery cannulation has been shown to improve first-attempt suc-
cess rates and reduce complications when compared to the palpation or Doppler US
methods traditionally used with adults [61].

Methods to Enhance Placement Success

Establishing emergent vascular access in unstable (or merely uncooperative) pedi-
atric patients offers many unique challenges to the care provider. These challenges
include the need to engage the child’s cooperation with VAD placement, increased
potential for psychological trauma, smaller veins, and increased subcutaneous fat,
making both palpation and visualization of veins more difficult [76]. Earlier in this
chapter, several methods were described to help minimize the anxiety and psycho-
logical trauma associated with vascular access device placement in children. Many
of the techniques described for vein identification and cannulation among patients
with difficult vascular access described Chap. 10 may also be applied to pediatric
patients.

Techniques used to facilitate PIV placement through improved visualization of
the veins include local warming, transillumination, the application of epidermal
nitroglycerin, and the use of ultrasound guidance. Pain perception can also be miti-
gated in pediatric and adult subjects through topical medications. Moderate-quality
evidence suggests that the use of a vapocoolant (e.g., topical anesthetic skin
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refrigerants, PainEase®) immediately before intravenous cannulation reduces pain
during the procedure and does not increase the difficulty of cannulation or cause
serious adverse effects but is associated with mild discomfort during application
[77]. Local anesthetic techniques, including the application of a eutectic mixture of
lidocaine and prilocaine (EMLA) to the insertion site, may help alleviate patient
discomfort but must be placed at the insertion site well in advance, as this topical
anesthetic requires 20-30 minutes to achieve its full effect [78].

Providers may need to briefly restrain pediatric subjects during the access attempt
or immobilize the target extremity during and after line placement. Shielding of the
VAD insertion site may be helpful in preventing the child from pulling on the infu-
sion tubing and dislodging the VAD after placement. Traditional examples of pro-
tective devices for VAD insertion sites include taping the tubing to the skin, wrapping
the extremity loosely with gauze, taping a small paper cup over the insertion site, or
taping the extremity to an arm board or sandbag to reduce movement of the extrem-
ity. Although these techniques and devices may protect the VAD, patient safety
remains a chief concern and care should be taken to avoid injury to the patient with
their use. When using gauze or other wrappings, it is important to ensure that the
VAD and insertion site remain accessible to care providers and that the dressings
allow for adequate visualization of the extremity to identify complications of intra-
venous infusion such as extravasation and compartment syndrome.

Decision-Making for Pediatric Subjects

Decision-making regarding VAD selection in children mirrors that of adults,
although differences exist. As with adults, landmark-based PIV catheterization
should be considered first in pediatric subjects, if it is deemed both possible and
adequate to treat the patient’s condition [21, 24, 27, 32, 79, 80]. Target veins should
be visible or palpable to the provider, and “blind” attempts should not be made.
US-PIV placement should be considered after two failed landmark-based PIV inser-
tion attempts in stable patients, as the US-guided approach appears to be associated
with higher rates of cannulation success when compared to additional landmark-
based attempts past this milestone [24].

Acceptable PIV insertion sites among pediatric trauma patients should be those
in uninjured extremities, with preference for the antecubital, external jugular (in
patients without suspected cervical spine injury), and saphenous veins. In the hemo-
dynamically unstable (e.g., hypovolemic) pediatric patient, the size and length of
PIV catheter must be optimized for high-volume infusion. That said, the gauge of
PIV catheter required may be highly variable within the pediatric population. An
adequately gauged “volume line” for an infant may not be adequate for older chil-
dren [76].

Unstable patients, especially those in extremis or experiencing cardiac arrest
may be best served by placement of an intraosseous catheter. Both the Pediatric
Advanced Life Support (PALS) and Advanced Trauma Life Support (ATLS) guide-
lines appear to support consideration of IO line placement if adequate PIV access
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cannot be established within three attempts or 90 seconds, whichever is sooner [81,
82]. Although IO flow rates may be highly variable in pediatric patients, flow
through the catheter can be improved with the application of a pressure bag or the
use of syringe injection [76]. Intraosseous catheters should not be placed in extremi-
ties with confirmed or suspected fracture or significant soft tissue injury, due to
increased risk of extravasation and resulting compartment syndrome.

Conclusions

Pediatric vascular access can be challenging under emergent conditions, especially
for infants and newborns. Even providers who are adept at line placement in adults
may be intimidated by the prospect of establishing emergent vascular access in a
young child. Many important anatomic differences exist between pediatric and
adult patients, and these differences must be considered in determining the best
techniques for emergent pediatric vascular access. When choosing a vascular access
site, the practical and anatomical differences of pediatric patients must be consid-
ered in addition to the patient’s presenting and preexisting medical conditions, risk
of infection, available equipment, and urgency of the need for access.

Key Concepts

* Speed and efficacy are of the utmost importance when establishing venous
access, and the well-trained pediatric provider will understand the various
devices and approaches that can help to facilitate safe, fast, and effective
vascular access.

* Ultrasound can serve as a valuable adjunct to traditional PIV catheter
insertion techniques, although this modality may not offer the same advan-
tages as with adult subjects.

e Landmark-based PIV insertion should be attempted first in pediatric
patients, although alternative strategies for vascular access should be con-
sidered when landmark-based PIV methods fail.

* Ultrasound guidance should be used for pediatric CVC placement, to
reduce the risk of line-related complications.

* Umbilical vein catheterization can provide emergent vascular access for
newborns up until 2 weeks of age.
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Special Populations: Cardiac Arrest 9

Sarah Meram, Theodore Falcon, and James H. Paxton

Introduction

Cardiac arrest (CA) is unlike any other medical condition. Patients presenting in the
absence of native cardiac function, by definition, have minimal perfusion to vital
organs without any assurances of return of spontaneous circulation (ROSC). The role
of the emergent vascular access provider in treating this condition is therefore to
establish vascular access for the purpose of introducing medications into the circula-
tion that will stimulate the resumption of native cardiac activity while supporting con-
tinued organ perfusion. Timing is key for this intervention. Delayed administration of
the necessary medications and fluids required for adequate organ perfusion will likely
lead to worse outcomes for these patients. This chapter will address some of the com-
mon obstacles that prevent emergent vascular access in patients experiencing cardiac
arrest, including solutions to these obstacles. Providers should prioritize the rapid
establishment of a vascular access device (VAD) for these patients, assuming that
early access is always preferred to delayed or deferred access. Providers should rec-
ognize that delays in obtaining vascular access for patients experiencing cardiac arrest
directly contributes to increased mortality and morbidity for these patients.

Cardiac arrest can affect patients of any age, race, gender, or ethnicity, in any
location, and at any time. As reported by the American Heart Association (AHA)
Advanced Cardiovascular Life Support (ACLS) guidelines, approximately 356,000
incidences of out-of-hospital cardiac arrest (OHCA) were reported in the United
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States in 2018, with only about 10.4% of these patients surviving to hospital dis-
charge [1]. The likelihood of permanent brain and other irreversible organ damage
increases with extended duration of reduced organ perfusion following cardiac
arrest. Therefore, decreasing the time between onset of cardiac arrest and the initia-
tion of external chest compressions is essential to the appropriate management of
cardiac arrest. A high priority is also placed on obtaining immediate vascular access,
as the prompt administration of vasopressors and other medications following
OHCA appears to improve patient survival when compared to chest compressions
alone [1-3].

Pathophysiology of Cardiac Arrest

The heart is the central organ of blood flow. Its primary function is to circulate blood
throughout the body. Blood is collected through the venous system and deposited in
the right atrium and then into the right ventricle, where it is pushed through the
lungs, where oxygenation of the blood occurs. In the lungs, carbon dioxide is
removed and oxygen is bound. Oxygenated blood is then deposited in the left atrium
before traveling to the left ventricle, where it is pumped into the arterial system to
provide oxygenation to the body’s tissues. This pumping action is essential to sur-
vival. During cardiac arrest, the heart stops effectively pumping oxygenated blood,
which leads to hypoxemia as vital organs are deprived of oxygenated blood flow.
Oxygen deprivation leads to injury to the brain, kidneys, heart, and other vital organs.

As depicted in Fig. 9.1, patients may have regular, organized cardiac rhythm
prior to the precipitating event (e.g., acute myocardial infarction or acute respiratory
arrest) that leads to cardiac arrest. However, following this precipitating event, most
patients will experience a predictable stage-wise decompensation in cardiac func-
tion, progressing from an organized dysrhythmia (e.g., ventricular tachycardia, or
VT) into a disorganized rhythm (e.g., ventricular fibrillation, or VF). Once the dys-
rhythmia has adequately disrupted the heart’s ability to contract in an organized
fashion, the patient’s pulse will begin to disappear. By the time that the patient is
experiencing ventricular fibrillation, the pulse is typically absent. However, the
pulse can already be absent in the VT phase, and this is referred to as pulseless

NSR Precipitating Event Loss of Pulse Asystole

Fig. 9.1 Progression of life-threatening dysrhythmias following cardiac arrest
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ventricular tachycardia (pVT). Patients who have pVT/VF are generally very
responsive to electrical defibrillation, so these rhythms are categorized as “shock-
able rhythms.” Patients who present with a shockable rhythm as their initial cardiac
rhythm will generally have a better prognosis than patients who present with a non-
shockable rhythm (e.g., asystole or other pulseless rhythms) [4]. A table of the
shockable and non-shockable cardiac rhythms is presented in Fig. 9.2.

Torsades de pointes (TdP) is a specific type of polymorphic ventricular tachy-
cardia seen in patients with a long QT interval. This phrase translates from the
French as, “twisting of the points.” It is characterized by rapid, irregular QRS
complexes, which appear to be twisting around the electrocardiogram (ECG)
baseline, as shown in Fig. 9.3. This specific form of VT may respond favorably to
magnesium sulfate infusion, which is why it is important that the emergency care
provider recognize it.

The presence or absence of a palpable pulse is the most important finding in the
management of OHCA patients. The absence of a pulse mandates immediate recogni-
tion and action, as does the return of a pulse when management is ultimately success-
ful. It should be noted that the “pulse” referenced here is a detectable arterial pulse
using the provider’s hands. Thus, patients may be experiencing some degree of orga-
nized cardiac contraction (e.g., cardiac activity on ultrasound) even when a pulse is
absent. Similarly, the patient may have a normal sinus rhythm (NSR) or other orga-
nized cardiac rhythms without a pulse — this is called pulseless electrical activity (PEA).
Although PEA is often portrayed as a pulseless sinus rhythm, it can be any non-shock-
able rhythm. All non-shockable pulseless rhythms are treated the same, unless there is
evidence of organized cardiac contraction or forward flow on ultrasound imaging.

Although cardiopulmonary resuscitation (CPR) has been the subject of aggres-
sive research since the 1950s, modern resuscitation theory is largely built upon the
“three-phase” model introduced by Weisfeldt in 2002 [5]. This model for our under-
standing of the pathophysiology of cardiac arrest begins at ventricular fibrillation

Shockable rhythms Non-shockable rhythms
Ventricular fibrillation (VF) Asystole
Ventricular tachycardia (VT) Pulseless electrical activity
(PEA)

Fig. 9.2 Shockable and non-shockable cardiac rhythms associated with cardiac arrest
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Fig. 9.3 Torsades de pointes (polymorphic VT) waveform

(VF) and pulseless ventricular tachycardia (pVT), soon followed by three discrete
time periods or phases following the moment of cardiac arrest (i.e., when systemic
perfusion is lost). The “electrical” phase begins at the precise moment of cardiac
arrest and lasts about 5 minutes [5]. During this initial phase, immediate electrical
defibrillation should be the priority for emergency providers, and survival appears
to be very good (about 60%) for patients in this phase who are treated promptly with
defibrillation. Those patients who are not adequately defibrillated within the first
5 minutes following cardiac arrest will progress to the “circulatory” phase, which
appears to begin 5-10 minutes after the onset of VF. Patients who present during
this second phase will require a brief period (e.g., 1-3 minutes) of aggressive chest
compression to restore circulation prior to defibrillation attempts. In this phase, the
blood remains adequately oxygenated with a tolerable acid-base balance, permitting
stabilization of the myocardium with restoration of blood flow to the coronary arter-
ies through chest compressions alone. Unfortunately, very few cardiac arrest patients
present to the emergency provider within 10—15 minutes following the onset of
cardiac arrest. Consequently, most patients who present to the emergency depart-
ment have already entered the third phase, the so-called “metabolic” phase, before
receiving any specific intervention. Patients in the metabolic phase of cardiac arrest
may require drug administration to restore homeostasis, especially correction of
metabolic acidosis (with sodium bicarbonate) and other pharmacologic measures,
including epinephrine infusion, to restore homeostasis. Chest compressions and
electrical defibrillation alone cannot restore native cardiac function for patients pre-
senting in the metabolic phase. These patients invariably appear to require vascular
access for the infusion of medications to restore biochemical homeostasis before
traditional measures can succeed. Unfortunately, the vast majority of patients treated
for cardiac arrest are first encountered by medical providers in the metabolic phase.
In this phase, vascular access is an even higher priority, since these patients are
unlikely to survive without the administration of resuscitative medications.
Weisfeldt’s three-phase model helps to explain why patients presenting to the
emergency care provider with an initially shockable rhythm have a three times
higher survival rate (37%) than patients presenting with asystole or PEA (12%) [4].
This differential is likely due to the fact that patients presenting with VT/VF are in
an earlier phase of their disease process. Unfortunately, delayed reperfusion follow-
ing ischemic injury leads to metabolic acidosis and a higher concentration of pro-
inflammatory mediators, which will prevent epinephrine and other cardioactive/
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vasoactive medications from working. In vitro studies with myocardial cells suggest
that delayed reperfusion worsens outcomes [6, 7]. Thus, the timing of vascular
access and medication infusion are paramount to patient survival, as most patients
presenting to emergency care providers have already progressed to the metabolic
phase of injury. Minutes wasted by failed vascular access attempts readily translate
to decreased survival for cardiac arrest patients.

In the 1970s, approximately 60% of all OHCA patients treated in the United
States presented with VF/VT, but this proportion has declined to only 25-30% over
the last few decades [8]. The cause of this change is unclear and may be due to
reporting bias or to later (i.e., more advanced) presentations for out-of-hospital car-
diac arrest patients. Whatever the cause, almost three-fourths of OHCA patients
receiving care in the United States today present with asystole or PEA (e.g., non-
shockable rhythms) as the initial documented cardiac rhythm. Since these patients
are presenting in the metabolic phase of cardiac arrest, these patients will not
respond favorably to defibrillation and chest compressions alone. Patients with
OHCA require immediate intervention (including the infusion of medications) to
stabilize their condition, and their likelihood of survival decreases with increasing
delay from time of arrest to time of first intervention. Assuming that present trends
continue, we suggest that emergent vascular access will play an increasingly impor-
tant role in the care of OHCA patients into the future.

Many other outcomes are important in the setting of cardiac arrest, beyond mere
survival. It has been well-established that OHCA patients have a very low rate of
survival-to-hospital discharge. Only about 30% of subjects presenting with VI/VF
survive to hospital discharge, and this percentage is much lower for those presenting
in PEA or asystole (e.g., 2-5%) [8]. Although it has recently been suggested that
epinephrine infusion may not improve survival to hospital discharge following
OHCA [9], there seems to be consensus within the medical literature that some
medications are needed to supplement the effects of high-quality CPR and early
defibrillation, even if the optimal medications and doses are not yet understood.
Even if epinephrine is ultimately demonstrated to not be the optimal resuscitative
medication, it is still likely that most patients presenting to the emergency care pro-
vider during the metabolic phase of cardiac arrest will still require some medication
or fluid to aid in the restoration of metabolic homeostasis. As more effective medi-
cations are discovered to treat cardiac arrest, immediate vascular access will
undoubtedly remain an essential requirement for patient survival [10].

In 1991, the AHA introduced the “Chain of Survival” model, meant to guide the
effective and efficient treatment of cardiac arrest [11]. This model was originally
intended for use by emergency medical services (EMS) but has subsequently been
adapted to apply to all healthcare providers who treat cardiac arrest patients. The
Chain of Survival includes five time-sensitive and co-dependent factors, including
early vascular access, early CPR, early defibrillation, early ACLS, and early post-
resuscitative care, as described in Table 9.1.

The first goal of ACLS intervention is to restore native cardiac function, generally
referred to as return of spontaneous circulation (ROSC). The achievement of ROSC
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Table 9.1 The American Heart Association (AHA) “Chain of Survival” [11]

Early access All pre-EMS arrival efforts of care. This includes identifying the event as
“sudden cardiac death” (SCD) and initiating emergency medical protocols
Early CPR Initiation of immediate cardiopulmonary resuscitation

Early defibrillation Electrical shock to restore spontaneous heart rhythm (if the patient
presents with a “shockable rhythm™)

Early ACLS Drug therapies and airway management intended to achieve spontaneous
heart rhythm
Early post- To restore and conserve cognitive function and prevent secondary organ

resuscitative care  damage

may be considered to be an essential first step toward restoring homeostasis and
organ perfusion. However, ROSC can be short-lived, especially if the underlying
cause of the cardiac arrest is not adequately corrected. Therefore, transient ROSC may
not necessarily be associated with improved survival or other important clinical out-
comes. While minimal organ perfusion may be provided with external chest compres-
sions, patients cannot survive without eventually realizing ROSC. It is imperative that
organ perfusion be restored as soon as possible following cardiac arrest, and perfusion
to the vital organs must be maintained to prevent necrotic tissue damage.

As transient ROSC appears to have limited clinical value, sustained ROSC
should be the provider’s initial goal during the earliest stages of OHCA resusci-
tation. We suggest that sustained ROSC (commonly defined as lasting >20 min-
utes) represents a more clinically relevant outcome for cardiac arrest patients
than transient ROSC. Consequently, any intervention that is associated with sus-
tained ROSC should be valued above interventions that produce a more transient
ROSC. While interventions associated with sustained ROSC may not ultimately
be associated with improved survival-to-hospital discharge, achievement of sus-
tained ROSC is at least a marker that should be considered evidence of improved
outcome as compared to unsustained ROSC. Clearly, survival-to-hospital dis-
charge with good neurological outcome is the gold standard for a favorable car-
diac arrest outcome. However, this outcome depends upon myriad factors beyond
the control of the vascular access provider, including decisions about goals of
care and withdrawal of care that may be made days or weeks after successful
ROSC. We suggest that the emergency vascular access provider should prioritize
the realization of sustained ROSC above other outcomes in the emergent setting,
understanding that this outcome does not necessarily translate to improved long-
term survival.

Consequently, we suggest that the goal of the emergency vascular access pro-
vider should be to provide emergent vascular access leading to sustained ROSC for
out-of-hospital cardiac arrest patients, understanding that more ambitious out-
comes may be, at least in part, dependent upon subsequent management by the
inpatient team. Restoring native cardiac function appears to be an essential first step
toward enabling survival-to-hospital discharge with good neurologic function.
Unfortunately, whether this gold standard outcome is actually realized relies upon
many decisions and events that extend well beyond the scope of the frontline vascu-
lar access provider.
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Medications in Cardiac Arrest

Understanding that early medication administration is not guaranteed to elicit
improved outcomes for patients, responsibility for establishing the earliest possible
vascular access should remain a priority for emergency care providers treating
patients in cardiac arrest. Many routes for possible medication infusion are available
to the emergency care provider, and these will be discussed in later portions of this
chapter. In this section, we will discuss the potential roles of various medications
currently recommended by the AHA for the restoration of metabolic homeostasis
following cardiac arrest. These medications include epinephrine, amiodarone, lido-
caine, magnesium sulfate, and sodium bicarbonate and are listed in Table 9.2.
Current ACLS recommendations do not require dosing adjustment according to
route of administration, and all of these medications can be given by the intraosse-
ous (I0), peripheral intravenous (PIV), or central venous catheter (CVC) routes.

Table 9.2 Medications recommended by Advanced Cardiac Life Support (ACLS) guidelines for
the management of OHCA [12, 13]

Drug Indication Drug class Mechanism Dosing

Epinephrine Pulseless arrest a-adrenergic agonist Vasoconstriction 1 mg every
(increases venous 3—5 minutes
return and
preload)

Vasopressin  Pulseless arrest Non-adrenergic Vasoconstriction 40 units to

vasoconstrictor (increases venous  replace the first
return and or second dose
preload) of epinephrine,
one time only

Amiodarone Refractory or Non-selective cation Sodium, 300 mg bolus
recurrent lethal blocker potassium, and followed by
arrhythmia (Class III-A calcium channel 150 mg

recommendation) antagonism 3-5 minutes
(anti-arrhythmic  later
properties)

Lidocaine Refractory or Anti-arrhythmic Sodium channel ~ 1-1.5 mg/kg
recurrent lethal (Class II-B blocker (increase dosage
arrhythmia recommendation) (anti-arrhythmic by 0.5 mg/kg in

properties) S-minute
intervals until a
max dose of
3 mg/kg is
reached)

Magnesium Hypomagnesemia  Electrolyte Sodium and 1-2 gm bolus

sulfate or forsade de supplementation/ potassium diluted via
pointes cardiac anti-arrhythmic transport co-factor 10 mL DsW
arrest (Class II-B (anti-arrhythmic

recommendation) properties)

Sodium Metabolic acidosis  Alkalizing agent Increases blood 1 mEq/kg

bicarbonate (Class III pH

recommendation)

(reduces acidosis)
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Generally, resuscitation drugs should be delivered within the first 10 seconds of
a new round of CPR [12, 13]. Due to reduced cardiac output and the inefficiency of
venous return during cardiac arrest, resuscitative medications may require up to
90-120 seconds to reach central circulation, depending upon the route of
administration.

Epinephrine (Adrenaline)

The early administration of epinephrine for the treatment of cardiac arrest has been
shown to increase the likelihood of achieving ROSC, although it may not lead to
improved 30-day outcomes [14]. Nonetheless, epinephrine is currently recom-
mended as a first-line medication to stimulate ROSC in patients presenting with a
non-shockable rhythm (Class 1 recommendation) in the most recent AHA guide-
lines update [13]. Despite widespread adoption of the use of epinephrine to treat
cardiac arrest, the dosing, timing, and frequency of epinephrine administration for
cardiac arrest remain controversial. Although high-dose (e.g., 5-10 mg) bolus doses
of epinephrine have been recommended in the past, the current recommendation is
for epinephrine to be provided in aliquots of 1 mg every 3—5 minutes [13].

There is evidence in a canine model that subsequent doses of epinephrine exert a
lessening effect on myocardial contractility without diminishing the drug’s effect on
arterial blood pressure. This phenomenon is termed “differential tachyphylaxis” and
may have implications for the use of epinephrine in the treatment of cardiac arrest
[15]. The potential benefit of epinephrine infusion appears to be integrally linked to
the timing of its administration. In a rat model, one study showed that 100% of
subjects survived if CPR was initiated within 2 minutes of cardiac arrest, regardless
of the use of epinephrine. However, when CPR was 6 minutes after cardiac arrest,
only 32% of subjects achieved ROSC with compressions alone, while 81% of sub-
jects receiving epinephrine achieved ROSC [16].

While epinephrine use does appear to increase the rate of ROSC in cardiac arrest
patients presenting with unshockable rhythms, this benefit may not universally
translate to improved survival-to-hospital discharge, favorable neurologic out-
comes, or other desirable outcomes. In 1998, the OTAC Study Group reported an
association between the use of epinephrine and increased mortality for in-hospital
cardiac arrest (IHCA) patients, although this study excluded anyone who presented
more than 15 minutes after the onset of cardiac arrest, and the mean time from onset
of CPR to first dose of epinephrine was more than 5 minutes (5.14 + 6.9 min) even
in those who survived to 1 hour [17]. In fact, the authors found similar poor out-
comes for all of the other studied ACLS drugs (i.e., atropine, bicarbonate, calcium,
lidocaine, bretylium) [17]. It seems unlikely that these results can be directly trans-
lated to an out-of-hospital cardiac arrest population, especially when the “down
time” (i.e., time from the onset of cardiac arrest to the initiation of chest compres-
sions and other interventions) is unknown.

Results from the PARAMEDIC-2 trial suggest that the use of epinephrine in
OHCA patients leads to improved ROSC and 30-day survival (when compared to
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placebo) but is not associated with improved survival with favorable neurologic
outcomes, since more survivors from the epinephrine group in this study experi-
enced severe neurologic impairment [3]. Thus, it seems that epinephrine has a time-
dependent effect, with little benefit seen in the first few minutes following cardiac
arrest, followed by a period of unknown duration in which it may increase the likeli-
hood of ROSC but may not offer long-term survival benefit or increase the likeli-
hood of survival with a favorable neurologic outcome. It remains to be discovered
whether the unfavorable outcomes associated with the use of epinephrine in OHCA
are related to uncorrectable ischemic injuries or, perhaps more likely, are due to
inadequacies in current post-cardiac arrest management.

While the importance of epinephrine infusion to realization of ROSC appears to
be increased with prolonged durations of cardiac arrest, a paradoxical myocardial
epinephrine response also appears to exist, with epinephrine infusion given later in
the treatment of OHCA also contributing to greater post-ROSC myocardial suppres-
sion [16].

In his original investigation of the IO route for epinephrine administration in
animal models, Macht noted that aqueous solutions of epinephrine were absorbed
just as quickly via IO as PIV routes. Effects on heart rate and blood pressure were
also similar in duration. However, suspensions of epinephrine in oil showed a sig-
nificantly longer duration of pressor effect. He speculated that these oil emulsions
remained in the marrow for a long time and “act as reservoirs for a drug that is
slowly liberated and dispensed by the oil.” [18]

Spivey and colleagues [19] observed that IO epinephrine at standard IV doses
(0.01 mg/ kg) had no significant effect on diastolic or mean blood pressure in an
anaesthetized swine model. Higher doses (0.1 mg/kg) produced a more pronounced
effect on blood pressure. One recent study showed that early IO epinephrine leads
to better neurological outcomes than delayed IV epinephrine in a swine model of
prolonged ventricular fibrillation [20].

Although studies in human subjects are lacking, animal models have been devel-
oped which appear to suggest a difference in the timing and maximum concentration
of epinephrine realizable from PIV versus IO infusion of epinephrine. While no dif-
ference has been shown between the appearance of epinephrine administered via ster-
nal IO and PIV into the central circulation, tibial IO delivery of the drug appears to be
delayed when compared to these more proximal infusion sites [21]. Furthermore, the
maximum concentration of epinephrine realized with IV infusion of 1 mg epinephrine
appears to be 5.87 and 2.86 times greater than with tibial IO and sternal 1O infusion,
respectively [21]. The results of this and other studies suggest that larger doses of
epinephrine may be warranted with 1O infusion [22], although current ACLS recom-
mendations assume that the 1 mg IO dose is equivalent to the 1 mg IV dose.

Vasopressin

This medication is recommended as an alternative vasopressor to epinephrine, cur-
rently recommended to replace the first or second dose of epinephrine.
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Amiodarone

During resuscitative efforts, amiodarone may terminate lethal arrhythmias unre-
sponsive to high-quality CPR and electrical defibrillation. In two randomized,
double-blind, placebo-controlled trials — the ARREST [23] and ALIVE trials [24] —
amiodarone demonstrated improved survival-to-hospital admission when compared
to lidocaine and placebo, respectively, for the use of shock refractory ventricular
fibrillation (VF) or pulseless ventricular tachycardia (pVT) in OHCA. Although
these trials did not show improvement in favorable neurological outcome or
survival-to-hospital discharge, they were not powered to assess for these outcomes.

One recent secondary analysis of a randomized, placebo-controlled trial of anti-
arrhythmic drug infusion to terminate shock-refractory VF/pVT in the prehospital
setting suggested improved hospital discharge survival and other important clinical
outcomes among patients who received IV amiodarone or lidocaine, when com-
pared to those who received IO infusion of the same dose of medication [25]. Of
note, the vast majority of subjects in this study received tibia 1 IO cannulation, and
all subjects received standard drug dosing regardless of route of infusion.

Lidocaine

Lidocaine has not been shown to be associated with improved neurological out-
comes or survival in OHCA due to refractory ventricular fibrillation or pulseless
VT, when compared to amiodarone or placebo [23]. However, it may be considered
if amiodarone is not available.

Magnesium Sulfate

The use of magnesium sulfate for the treatment of a presenting forsades de pointes
rhythm has been shown to be effective, as reported in two trials [26, 27]. However,
the routine administration of magnesium sulfate during cardiac arrest is not recom-
mended unless this cardiac rhythm is identified.

Sodium Bicarbonate

Sodium bicarbonate may help to restore metabolic homeostasis by reducing the
metabolic acidosis caused by inadequate peripheral blood flow during cardiac
arrest. Analysis of results from the Brain Resuscitation Clinical Trial Il showed that
earlier and more frequent use of sodium bicarbonate was associated with higher
rates of early resuscitation and better long-term outcomes [28]. Early restoration of
oxygen content, tissue perfusion, and cardiac output with a combination of high-
quality chest compressions and effective ventilation may also help to restore the
acid-base imbalance. However, providers should be aware that high-quality chest
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compressions alone only achieve a blood pressure about one-third of the native
blood pressure, and this may be inadequate to ensure optimal perfusion of the vital
organs. Thus, even patients receiving appropriate optimal chest compressions may
not realize normalization of their blood acid-base balance with external cardiac
compressions alone.

While normal blood pH is between 7.35 and 7.45, cardiac arrest patients often
present with profound acidosis (pH < 7.35). Depending upon the etiology of the
cardiac arrest, the acidosis could be due to respiratory causes (e.g., hypoventilation
with carbon dioxide retention), metabolic causes (e.g., lactic acid accumulation due
to hypoxic shunting toward anaerobic metabolism), or both. Unfortunately, pro-
found acidosis (pH < 6.80) causes severe direct myocardial depression [29] and
limits the ability of epinephrine to increase myocardial contractile force [15]. In
fact, the effect of exogenous (and likely endogenous) epinephrine on contractile
force becomes progressively worse as the pH descends [15]. Thus, reversing acido-
sis early in the course of the patient’s management should be a goal of early cardiac
arrest resuscitation. Although sodium bicarbonate infusion can increase the pH tran-
siently, permanent correction of the acidosis will depend on a variety of factors,
including ROSC, the restoration of adequate intravascular fluid volume, reversal of
carbon dioxide retention, and correction of ongoing tissue ischemia.

Intravenous fluids (e.g., lactated Ringer’s or normal saline solution) should also
be considered a medication for purposes of OHCA management, as patients with
hypovolemia may require rehydration in order to restore homeostasis. It is also
likely that I'V fluids help to restore normal acid-base balance, thereby improving the
serum pH and increasing the likelihood that exogenous epinephrine and other car-
dioactive medications are able to exert their effects.

Several pharmacokinetic studies in animal models have shown that medications
given via IO had the same efficacy as medications given with the IV route [30].
However, other studies have suggested that epinephrine dosing may need to be
higher with IO infusion than with PIV infusion [19]. Whatever the proper dose,
many previous studies have suggested efficacy for the 10 infusion of epinephrine
[31-40].

Other medications that have been given via the 10 route for the treatment of
cardiac arrest include atropine [32, 33, 35, 36, 39], calcium chloride [34, 35, 38],
dextrose [35], and lidocaine [35, 37].

Location Matters

Burgert et al. conducted a randomized study to assess pharmacokinetics of epineph-
rine administered using tibial IO, sternal IO, and peripheral IV in a porcine model
of cardiac arrest [21]. This group found that the more distal the insertion site, the
slower the epinephrine reached maximum concentrations. Similarly, Vorhees et al.
found in a dog CPR model that there is extensive central blood flow redistribution
during CPR, resulting in significant reductions in arterial blood flow to the abdomi-
nal organs [41]. Extrapolating these findings to the extremities of man, one would
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expect that perfusion to the distal parts of the extremities (especially the lower
extremities) should be lower (with less venous return) than the more proximal por-
tions of the extremities. In other words, the closer a VAD is placed to the heart and
central vessels, the more medication will likely find its way to the heart. It has been
well-established that cardiac output and resulting systolic blood pressure are only
about one-third of normal levels during CPR [42, 43]. Thus, peripheral veins (and
the 10 spaces drained by them) are likely to be poorly perfused with reduced venous
return during CPR. This disadvantage is likely progressively worsened as the inser-
tion site is moved more distally from the central circulation.

Previous studies performed on human subjects echo these findings from animal
studies. In one study comparing peripheral to central venous infusion of Cardio-
Green® dye in adult human cardiac arrest victims undergoing CPR, the authors
sampled blood from the right femoral artery every 30 seconds during 5 minutes of
closed chest compressions [44]. They found that dye injections given through an
antecubital PIV were associated with no dye appearance at the femoral artery until
more than 60 seconds after infusion. In fact, the concentration of dye recovered fol-
lowing antecubital PIV infusion was negligible even at the conclusion of the
5-minute study period. Conversely, the concentration of dye noted 30 seconds after
central venous infusion was four times greater than the highest concentration ever
achieved following PIV infusion [44]. These findings led the study authors to con-
clude that central venous infusion of ACLS medications is far superior to PIV infu-
sion, suggesting that central venous access should be the standard of care for CA
management. However, since the blood sampling site in this study was located at the
femoral artery (well below the diaphragm), the lack of dye appearance in the PIV
samples may represent the combined effect of impaired venous return from the
upper extremity as well as impaired perfusion of the lower extremities during CPR.

Selection of Vascular Access Device

The current ACLS guidelines for the establishment of emergent vascular access for
OHCA patients appears to be based primarily upon anecdotal evidence, with PIV
access prioritized as the gold standard for immediate access, as “the pharmacoki-
netic properties, acute effects, and clinical efficacy of emergency drugs have pri-
marily been described when given intravenously” [1]. This seemingly historical
basis for the preference of PIV infusion of medications, combined with conflicting
evidence on the equivalency of IO versus PIV infusion dosing, has led to significant
disagreement within the scientific community on whether or not IO infusion is truly
equivalent to I'V dosing of commonly utilized OHCA medications.

In the absence of adequate conflicting evidence, the 10 infusion of equivalent
doses of resuscitative medications has been endorsed, “if attempts at intravenous
accesss are unsuccessful or not feasible” [1]. But this guidance fails to provide the
emergent vascular access specialist with usable guidance on precisely when and
how IO or other alternative vascular access methods should be utilized when PIV
access appears to be unobtainable. At present, emergent vascular access specialists
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Table 9.3 Comparison of different VADs commonly used for OHCA management

PIV CvC 10
Insertion Varying degree of ~ Time-consuming; may require ~ Rapid, simple

difficulty advanced level provider insertion
Medication All ACLS meds All ACLS meds All ACLS meds
Delivery
Dosing Standard Standard Presumed standard
Duration of use Long term Long term Short term

(<48 hrs)

Representative Delayed placement, Delayed placement, Dislodgement,
Complications extravasation pneumothorax, hematoma, extravasation

arterial placement

are left to decide for themselves when this apparent threshold marking the inability
to obtain PIV access has been realized.

Despite this lack of guidance, we suggest that many factors should be taken into
account during the selection of a VAD for OHCA management. These factors
include speed of placement, anticipated success of placement, likely complications,
adequacy of the line for present and future vascular access needs, and potential
need for dosing adjustments. Table 9.3 provides a brief comparison of the various
VAD options available to the emergency care provider when establishing emergent
vascular access for OHCA.

Speed of Access

The first priority to consider in selecting a VAD for OHCA is how quickly the pro-
vider can achieve successful placement. When feasible, it is suggested that multiple
care providers attempt VAD placement simultaneously on the same patient. Although
this approach may be more labor-intensive, a simultaneous collateral approach to
obtaining vascular access is likely to yield useable vascular access more rapidly
than a linear single-provider technique. This competitive approach may also yield
multiple useable VADs for the patient, allowing the delivery of multiple drugs or
fluid boluses simultaneously. In general, IO access appears to be most rapidly
accomplished in the setting of OHCA management, requiring less than 2 minutes,
as compared to PIV or CVC placement [24, 45, 46].

First-Attempt Success Rates

A randomized, controlled trial comparing the effectiveness of PIV with proximal
tibial 10 (PTIO) and proximal humeral IO (PHIO) insertion demonstrated that
PTIO insertion is more likely to be successful on the first attempt (91% PTIO, 51%
PHIO, 43% PIV) with time to successful placement significantly shorter for this
approach (4.6 min, versus 7.0 min for PHIO, and 5.8 min with PIV) [47]. However,
utilizing current ACLS guidelines for medication dosing, patients who receive a
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PIV versus an 10 insertion appear to be more likely to achieve ROSC (55.5% vs.
43.6%, p < 0.001) and likely have improved survival-to-hospital discharge rates
(22.8% vs. 14.9%, p = 0.003) when compared to those who receive PTIO insertion
[48]. Thus, the clinical benefits of improved first-attempt success rates for PTIO
insertion may be compromised by the apparent reduced efficacy of standard IV/IO
dosing for resuscitative medications.

Future Directions for OHCA Research

The urgent need for head-to-head prospective comparisons between PIV and 10
access for OHCA patients cannot be overstated. At present, guidelines for the estab-
lishment of vascular access in OHCA appear to be based almost entirely upon anec-
dotal and profoundly limited data. Prospective studies comparing important clinical
outcomes for patients randomized to PIV or IO at the time of prehospital or early
emergency department presentation for OHCA will be required to clearly identify any
potential advantage to one vascular access technique or another. Considering the con-
flicting evidence that exists for the equivalency of PIV and IO dosing, additional
research is also needed to determine if IO dosing should reasonably be assumed to be
equivalent to PIV dosing. Current evidence suggests consistently that IO dosing may
need to be greater than PIV dosing, especially if providers wish to continue utilizing
subdiaphragmatic IO insertion sites. The importance of simultaneous crystalloid fluid
infusion during OHCA resuscitation to improve the circulation of medications infused
from the lower extremities also appears to be warranted. We suggest that supradia-
phragmatic (i.e., humeral, sternal) IO insertion sites should be prioritized in such stud-
ies and that they should be compared with upper extremity PIV insertion sites.

An Algorithmic Approach to VAD Placement for OHCA

Given the relative dearth of clear guidance on the timing and preference of vascular
access techniques currently offered by authorities on the topic, the emergency vas-
cular access specialist is left, to some degree, to weigh the relative indications and
contraindications of each vascular access technique on its own merits with each
vascular access episode. Peripheral intravenous access appears to be the optimal
SJorm of vascular access, when it is viewed to be readily available and adequate for
therapy by the provider. That said, the provider must determine for him or herself
whether PIV access is actually feasible, and this assessment appears to depend upon
a myriad of considerations. Given the immediate need for vascular access in the
setting of OHCA, we propose that the inability to immediately (e.g., within 30 sec-
onds) achieve PIV access should imply the need to consider IO insertion, preferably
at the proximal humeral or sternal IO insertion site. Proximal tibial IO insertion (or
other lower extremity 1O insertion sites) should be considered suboptimal to more
proximal IO insertion sites and should only be considered when more proximal 10
or PIV insertion sites are not felt to be available for cannulation.
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Conclusions

Out-of-hospital cardiac arrest is a unique clinical condition, which requires careful
attention to the need for immediate vascular access to allow for stabilization and
resuscitation of the patient. Although current ACLS recommendations do not pro-
vide adequate guidance for VAD selection in this context, the peripheral intravenous
route is currently endorsed as the gold standard for emergent vascular access with
OHCA. When PIV access is not felt to be immediately available, other forms of
vascular access, including 10 and CVC placement, should be considered. Dosing
considerations remain unclear, especially whether IO dosing is truly equivalent to
PIV dosing for commonly utilized resuscitative medications. Future prospective
research comparing 10 to PIV cannulation in the prehospital and early emergency
department setting is needed to determine whether the route of vascular access
selected for OHCA management is likely to influence important clinical OHCA
outcomes.

Key Points

* The gold standard technique for obtaining emergent vascular access in the
setting of OHCA remains peripheral intravenous cannulation.

* Intraosseous cannulation should be considered when PIV cannulation is
deemed to be inadequate or unavailable by the emergency care provider.

e Current 10 dosing may be inadequate, when compared to standard PIV
dosing, at achieving adequate serum concentrations of epinephrine and
other commonly used medications.

— Cardiac arrest management is highly time-sensitive, underscoring the
need for early and rapid venous access.

— Sternal and proximal humeral IO catheters provide superior access to
the central circulation during cardiac arrest, when compared to periph-
eral (e.g., tibial) 1O access sites.

— Volume infusion of crystalloid fluids with pressure bag likely improves
the delivery and distribution of resuscitative medications during cardiac
arrest, especially when introduced via the 10 or PIV route.

* Emergent vascular access providers should utilize their own clinical acu-
men in assessing the need for PIV versus other forms of vascular access in
the treatment of OHCA.
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Introduction

Establishing and maintaining venous access is one of the most common, and argu-
ably most important, practices in modern healthcare. Whether in the prehospital
setting, the medical floor, or the intensive care unit, ready access to the venous cir-
culatory system is essential for the administration of potentially life-saving intrave-
nous fluids and medication. However, obtaining an emergent intravenous line can be
difficult. This chapter will address common challenges that emergency care provid-
ers face in establishing venous access, including means by which these obstacles
can be overcome.

Definition of DVA

Although difficult vascular access (DVA) lacks a universal definition, many authors
have attempted to provide it. Fields et al. defined DVA as “at least 2 failed IV
attempts, together with a lack of palpable or visible veins,” characterizing DVA
patients as frequently requiring “rescue” methods of vascular access, including
ultrasound guidance, intraosseous access, or the cannulation of veins in atypical
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peripheral locations such as the external jugular vein [1]. Another author has defined
DVA as the presence of “non-visible and non-palpable veins, requiring a highly-
experienced operator with the use of technological aids to insert a vascular device”
[2]. Others consider DVA to be present when the provider realizes “three failed IV
attempts or the anticipation of special interventions to secure vascular access” [3,
4]. Despite this lack of a strict definition, emergency care providers do appear to
agree that DVA is a multifaceted problem, characterized by the need to consider
nontraditional methods for venous access, especially after multiple failed attempts
using standard techniques.

While an estimated 70-80% of all hospitalized patients ultimately require venous
cannulation, most will not present a significant vascular access challenge to the
experienced provider [3]. However, patients presenting in extremis may not be able
to tolerate delays in IV catheter insertion. For this reason, we propose that any
agreed-upon definition of “difficult vascular access” must account for the impor-
tance of fiming. Under non-emergent conditions, adequate peripheral IV placement
requires an average of 2.5 to 16 minutes to achieve [5, 6]. However, the manage-
ment of critically ill patients often requires greater efficiency in the administration
of IV fluids, blood products, and medications. When managing patients in the emer-
gent setting, the wise clinician will establish certain a priori expectations about the
number and duration of failed 1V attempts that should be tolerated before consider-
ing alternative vascular access techniques.

Given the great importance of timing to the establishment of emergent vascular
access, we propose that DVA be characterized in the emergent setting as venous
access efforts involving at least two failed PIV attempts over the course of at least
2 minutes, necessitating the use of alternative methods, including intraosseous or
ultrasound-guided techniques. Of course, the patient’s vascular access history, clini-
cal condition, and acuity of need for emergent infusion of fluids and medications,
rather than any strict definition, should dictate the parameters of acceptable delay in
obtaining venous access.

Risk Factors for Difficult Vascular Access

Difficult vascular access is not simply a feature of at-risk patients. Rather, it is a
condition produced by time constraints, further influenced by patient-specific,
provider-specific, and environmental factors. These factors are all interlinked with,
and interdependent upon, the timing and acuity of the need for venous access. A
systematic approach is suggested in exploring these relationships — one which high-
lights how DVA exists as a function of these four interrelated factors.

Instances of DVA may be attributed to any combination of the four named risk
factors (i.e., timing, patient-specific, provider-specific, and environmental factors),
or they can appear to relate to a single factor alone. But in the emergent setting, tim-
ing is always a central concern. The time required to obtain venous access is para-
mount in the management of deteriorating patients, because failure to rapidly obtain
usable venous access generally translates to delays in administering potentially
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life-saving fluids and medications. As Fig. 10.1 illustrates, the time required for
venous access both influences and is influenced by the other three DVA risk factors.
Minimizing or eliminating each of these factors in the care of the emergent patient
will help to decrease time-to-cannulation and streamline efforts toward patient
resuscitation and stabilization.

Of the named factors, we suggest that time constraints may have the greatest
effect on the appearance and severity of DVA. Under non-emergent conditions, with
more time available to consider and investigate vascular access options, the influ-
ence of the other three DVA factors may appear to be insignificant. Factors such as
provider inexperience, lack of visible patient veins, or environmental distractions
can all be corrected or addressed given adequate time. But the critically ill patient’s
need for immediate vascular access imparts a sense of urgency to providers. This
urgency may reveal deficits in provider competence under pressure or may expose
other obstacles that might appear insurmountable in the “heat of the moment.” Thus,
difficult or failed attempts to provide emergent venous access can teach us to
improve our techniques, by revealing deficiencies or flaws in our approach. In this
way, patients with DVA may be the “canaries in the coal mine” for providers, as they
reveal our competence, and sometimes our incompetence, in securing venous access
for the undifferentiated patient. In addition to the personal challenge that DVA
patients present to care providers, these patients can also present a challenge to
institutions, by diverting time, attention, and other resources away from other

Patient- Time Environmental
SIPEEIE Factors
Factors Constraints
e Anatomic ¢ Distractions
e Comorbidities e Lack of Resources
* Behavioral * Suboptimal Conditions
Provider-
Specific
Factors

* Experience / Training
e Fatigue

e Distractibility

e Stress

Fig. 10.1 Factors contributing to difficult vascular access
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patients. This can lead to increased morbidity, expense, and other costs to all patients
in the care environment, not just those patients experiencing DVA [7].

Patient-Specific Causes of DVA

Specific patient characteristics may predict the presence of DVA and should be con-
sidered. Traits such as obesity, skin color, age, gender, and anatomic variation
(among others) have all been shown to be associated with DVA. Chronically ill
patients who have been subjected to repeated vascular access attempts accumulate
anatomic and physiologic changes to their veins and surrounding soft tissues that
can influence future access attempts. Even presumably healthy individuals present-
ing under emergent conditions can challenge providers with unique vascular anat-
omy or other unexpected patient-specific factors. Of course, certain patient
characteristics may be more likely to predict DVA than others. Poor vein visibility
and palpability have been shown to be a major predictor of PIV insertion failure
[8—12]. Other patient-specific factors, such as previous cannulation failure, obesity,
and small vein caliber, have also been shown to exhibit statistically significant DVA
odds ratios in individual studies [8—12].

Vein Visibility

Poor vein visibility is often cited as a major contributor to DVA [1, 2, 8, 9, 13, 14].
Dark skin color appears to contribute to decreased vein visibility, especially among
patients of African-American or Asian descent [15, 16]. The presence of dark or
extensive skin tattoos may also be a risk factor for DVA for similar reasons.

Many vascular access support devices (VASDs) have been developed to address
the issue of poor vein visibility. One category of VASDs is those utilizing light-
emitting diode (LED) transillumination or infrared light to highlight venous topog-
raphy. These devices allow the provider to visualize deep or obscured veins that
would normally remain hidden. Despite claims of their effectiveness, VASDs are
not routinely used in clinical practice [17, 18]. This lack of widespread interest may
be due, in part, to conflicting evidence of their usefulness. While VASDs do appear
to improve first-attempt PIV success rates, overall efficacy within the general popu-
lation appears to be equal to standard external landmarking techniques [19-24].
These devices may be more effective with DVA pediatric patients than with non-
DVA patients [25]. Unfortunately, the potential benefits of VASDs for adult DVA
patients remain unclear, as most published reports have focused on their use with
infants and children [21, 24, 26].

Near-infrared (NIR) light or transillumination devices are a common type of
VASD used to enhance vein visibility [27]. The AccuVein® AV500 (Accuvein, Inc.)
(Fig. 10.2) and VeinViewer® (Christie Medical Holdings) NIR devices are well-
suited for emergency care providers, as they do not require a dark environment for
their use and are handheld and easily portable [21, 24, 27, 28].
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Fig.10.2 AccuVein AV500®. (Image courtesy of Accuvein, Inc. © 2020 Accuvein, Inc. All rights
reserved)

Fig. 10.3 Veinlite
LED+®. (Image courtesy
of TransLite, LLC. © 2020
TransLite, LLC. All rights
reserved)

Light-emitting diode (LED) or white light transillumination devices, such as the
Veinlite® (TransLite, LLC), Illumivein® (Easy-RN, LLC), and Venoscope®
(Venoscope) systems, allow the provider to evaluate vein diameter and depth more
easily than with infrared light, and their ease of use allegedly precludes the need for
practical training [21, 24, 27, 28]. The Veinlite LED+® (Fig. 10.3) has been shown
to enhance clinical PIV cannulation success rates and can be operated without the
need for a second provider [21, 24]. When using the Veinlite LED+®, providers
place the device directly on the skin and scan side-to-side, perpendicular to the
direction of venous flow [29]. Once a target vein is identified, the device should be
rotated 90 degrees so that the mouth of the device surrounds the desired vein [29].
During cannulation, the clinician holds the device in the nondominant hand and
presses the device against the patient’s skin. This gentle traction helps to prevent the
vein from rolling while simultaneously raising the vein closer to the skin surface
[27, 29]. Cannulation is then achieved using a needle-syringe complex held in the
provider’s dominant hand.
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Ultrasound (US) guidance is another useful adjunct to peripheral line placement
in the emergent setting [2, 30, 31]. The use of ultrasound to identify target vessels
allows for the visualization of both arteries and veins beneath the skin and may
improve first-attempt I'V success rates [32]. This modality can be utilized for either
central or peripheral venous cannulation [32, 33]. Several authors suggest that clini-
cians should consider this modality as an effective first-line solution after repeated
IV insertion failures [2, 30, 31]. According to the Michigan Appropriateness Guide
for Intravenous Catheters (MAGIC) recommendations, ultrasound should be used
for peripheral IV catheter placement in DVA patients and can be utilized as a route
for PICC introduction later in therapy, as needed [34].

Venous Cutdown

Venous cutdown (Fig. 10.4) is an invasive procedure involving the cannulation of a
target vein using direct visualization following placement of a skin incision overly-
ing the target insertion site. Venous cutdown of a central (e.g., external jugular) or

Fig. 10.4 Peripheral venous cutdown technique, including (a) identification and isolation of the
target vessel, (b) venotomy, (c) catheter insertion and proximal vessel ligation, and (d) repair of
skin incision and securement of the catheter
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peripheral (e.g., great saphenous) vein is an efficient, though often overlooked,
method to secure venous access [35-37]. Venous cutdowns were first described by
Keeley and Kirkham in the 1940s, and were employed extensively during the
Vietnam War, but in the modern era are typically reserved for critically ill poly-
trauma patients refractory to ultrasound, intraosseous, and percutaneous central
venous intervention [35, 37-42]. This procedure carries a high risk of complications
yet remains an effective method of acquiring venous access in patients who are in
dire need of life-saving infusions [37, 40, 41].

The technique for venous cutdown is depicted in Fig. 10.4. A tourniquet is
applied to the extremity and the cutdown site is sterilized thoroughly. As depicted in
Fig. 10.4a, an incision is then made through the skin overlying the vein, and the vein
is isolated from the surrounding tissues. During the procedure, two ligatures (e.g.,
vicryl sutures) are placed around the vein. The distal ligature will be used to tie off
the vein, and the proximal ligature will be used to help keep the catheter in the vein.
Even after the ligatures are tied off, the ends of the sutures should be kept long until
the end of the procedure, as they can be used to elevate the vessel and aid in vessel
manipulation. A hemostat can be placed under the vein to further elevate the vessel.
The vein is ligated distal to the planned catheter insertion site utilizing the distal
suture. As shown in Fig. 10.4b, the vein is then incised with pointed scissors, creat-
ing a “V-shaped” incision in the vessel wall. This incision should not be more than
half of the vein circumference in length, and scissors are best held at a 45-degree
angle relative to the plane of the vessel. The vein must be held gently, especially
after it is cut as the vessel may tear with excessive manipulation. A fine-pointed
scalpel can be used if small sharp scissors are not available. A catheter introducer is
then placed under the venotomy flap, and the catheter is inserted into the vein. The
catheter tip should be pointing in the direction of venous flow. As depicted in
Fig. 10.4c, the proximal suture is then tied off, wrapping around the catheter while
inside the vein, to secure the catheter’s position. Once the proximal ligature has
been tied off, the extremity tourniquet is released and the venotomy is observed to
detect any bleeding. If no bleeding is detected, the suture ends may be cut short, and
the skin wound may be closed with interrupted sutures (Fig. 10.4d). The catheter
will then be sutured to the skin as well to prevent dislodgement. The catheter inser-
tion site should then be covered with a sterile dressing and tape.

Vein Palpability

Inadequate vein palpability is another common contributor to DVA [1, 2, 8, 9, 13,
43, 44]. Palpability is largely determined by vessel diameter and depth [45].
Tourniquets placed around the extremity of interest are commonly used to over-
come this obstacle, as they promote increased venous filling and provide vessel
distension during the cannulation attempt. It should be noted that target vein diam-
eter is highly correlated with two important patient characteristics: body habitus and
volume status. Obese patients have larger-diameter vessels compared to non-obese
patients, and the size of a patient’s veins tends to increase with increasing body
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mass [46—48]. Intravascular blood volume is also important as a predictor of vein
distensibility [1]. Hypervolemic patients, with high intravascular blood volume,
exhibit distended veins, whereas patients with low intravascular volumes may have
vascular collapse [49, 50]. For obvious reasons, a collapsed vein is a harder target.
Being thin-walled vessels, veins are especially prone to collapse with external pres-
sure, including the pressure exerted by overly aggressive providers compressing the
target insertion site during cannulation attempts. It has been well-established that
the appearance of a flat, small-diameter inferior vena cava on echocardiogram,
ultrasound, or CT indicates the presence of hypovolemia in trauma and dialysis
patients [51-53]. Consequently, venous cannulation is especially difficult in hypo-
tensive, hypovolemic patients. It may be advisable to perform maneuvers known to
increase venous distension (e.g., passive leg raise, Trendelenburg positioning) prior
to venous cannulation attempts, to increase venous distension prior to cannulation
attempts. Blood pressure is also influenced by intravascular volume, and may be
increased in hypervolemia and decrease with volume depletion [54, 55]. Not sur-
prisingly, increased vessel diameter is associated with an increased likelihood of
successful cannulation [56].

Vein palpability is also predicted by the depth of the target vessel below the sur-
face of the skin [45]. In general, deeper veins are less likely to be palpable, due to
increased external pressure exerted by the weight of overlying soft tissues. It has
been proposed that high BMI predicts a corresponding increase in vessel depth, due
to excessive soft tissue thickness overlying potential target veins [57, 58]. This is a
distinct problem for the medical community, as an estimated 160 million Americans
are either obese or overweight [59]. Local fluid accumulation — as seen with periph-
eral edema and hematoma — also increases the distance between skin surface and
vessel surface, thereby decreasing vein palpability [60].

Solutions to Enhance Vein Palpability
Topical Treatments

One effective approach to enhancing vein palpability is the application of heat. Local
warming of the perivascular tissue has been shown to facilitate successful peripheral
IV placement due to venous dilatation, engorging the veins to make them more sus-
ceptible to needle insertion [61-63]. This can be accomplished via the use of heating
devices or warm compresses, with “active warming” proving superior to “passive
insulation,” regarding both insertion time and cannulation success rates [62]. The
application of “dry” heat may be superior to moist heat for the purposes of IV place-
ment — namely, dry towels, compresses, or heating pads in favor of moist towels,
compresses, or heating pads [63, 64]. First-attempt IV success rates have been shown
to more than double with application of dry heat, when compared to moist heat [63].

Topical application of nitroglycerin ointment, usually reserved for patients with
cardiovascular syndromes, can also induce local venodilatation [65, 66]. However,
transdermal absorption of nitroglycerin ointment also causes a decrease in mean
arterial pressure and thoracic fluid content, outcomes that may be undesirable for
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patients presenting without cardiac complaints or hypotension [67]. Fortunately, the
dose required for symptomatic treatment of angina is significantly larger than that
required to induce peripheral venodilatation in the skin, cited as 1-2 milligrams,
making nitroglycerin application for the purposes of peripheral cannulation a rela-
tively safe endeavor [65].

Eutectic Mixture of Local Anesthetics (EMLA®) cream has been a staple in the
management of pediatric patients undergoing painful peripheral needlesticks for
decades [68—70]. Children (and adults) often experience significant fear and pain
with repeated PIV attempts, activating the sympathetic nervous system and driving
peripheral vasoconstriction, a clear obstacle to venous cannulation [62, 71, 72].
Although EMLA® cream has also been shown to induce a transient local cutaneous
vasoconstriction, post-EMLA® application of heat or nitroglycerin ointment can
counteract this effect [68-70, 73].

Tourniquets

As stated above, tourniquets facilitate venous palpation and allow for easier identi-
fication of superficial vessels. Although no consensus exists on a preferred method,
the use of either a blood pressure cuff or an elastic tourniquet is commonly used to
stimulate venous distension [74—76]. However, increased pressure may not neces-
sarily yield improved results, as the use of two tourniquets (instead of a one) has not
been associated with increased PIV cannulation success [77].

Alternative Site Infusion

Volume infusion into a peripheral vein stimulates vessel distension [78]. In patients
with inaccessible peripheral veins, clinicians can utilize other modalities to increase
intravascular volume and enhance peripheral vein palpability [79]. Peritoneal crys-
talloid infusion is one such method, leveraging capillary absorption within the peri-
toneal space to provide a steady state of fluid reabsorption into the bloodstream
[80]. Hypodermoclysis, or subcutaneous saline injection, is another effective means
of increasing blood volume without an IV line [81-83]. Neonates (within the first
week of life) presenting with small-caliber veins or an excess of subcutaneous fat
may also benefit from umbilical vein cannulation [84]. This procedure allows for
infusion of medications and fluids directly into the inferior vena cava to improve
peripheral venous distension and facilitate subsequent IV attempts [85].

Anatomic Variation of Veins

Although certain common anatomic patterns exist, providers will see great variation
in the size, location, and depth of human veins. This inability to predict a patient’s
vascular anatomy with absolute certainty prior to the vascular access attempt may
contribute to difficulties obtaining venous access [86].
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For example, the cubital fossa of the upper extremity is generally considered the
most common site for routine peripheral venipuncture in humans [87-91]. However,
this area is also characterized by many highly variable superficial veins, namely, the
cephalic, basilic, median cubital, and antebrachial veins [87, 88, 91]. The most
common venous pattern encountered with cannulation of cubital fossa veins is the
“N”-shaped arrangement. However, a common variation on this pattern is the
“Y”-shape, in which the median antebrachial vein joins both the basilic and cephalic
veins within the cubital fossa. The so-called “M”-shaped pattern presents in a
minority of patients and looks generally like the more common N-shape, but with
diminished or absent cephalic vein contribution [88, 91, 93-95]. A small number of
patients also exhibit an “/”-shaped configuration of the cubital fossa, in which the
cephalic and basilic veins ascend parallel to each other, lacking interconnecting ves-
sels such as the median cubital or median antebrachial veins [88, 91, 93-95]. Still
other patients may present with vein arrangements that cannot be classified into any
of these categories. Illustrations of these four “named” variants of cubital fossa
venous anatomy are provided in Fig. 10.5.

Hazardous Anatomic Structures

In addition to potential variations in the patient’s venous anatomy, providers must
be aware of specific anatomic structures that can interfere with, or otherwise com-
plicate, venous access attempts. For example, injury to the brachial artery during an
IV attempt at the cubital fossa will not only risk compromising blood flow to the
distal extremity but can lead to hematoma formation due to arterial puncture which
may decrease the palpability and visibility of adjacent veins. Prioritizing venous
cannulation sites where such “hazardous” structures are less likely to be located will
help the provider to prevent iatrogenic injury and likely improve the odds of suc-
cess. In the cubital fossa, the “safest” venipuncture location (best avoiding potential
nerve and arterial damage) is located at the confluence of the cephalic and median
cubital veins [92, 96, 97]. This site is marked with a red “X” in Fig. 10.6, at the apex
of a triangle formed by these veins.

The brachial artery, a continuation of the axillary artery below the lower margin
of the feres major muscle, is the major blood vessel of the upper arm. This artery
travels down the ventral surface of the arm until it reaches the cubital fossa at the
elbow, where it divides into the radial artery and ulnar artery. Thus, injury to the
brachial artery can be devastating to the blood supply of the distal upper extremity.
The median nerve, originating from the brachial plexus in the axilla, initially
descends the upper arm lateral to the brachial artery but crosses over the brachial
artery near the distal attachment of the coracobrachialis muscle (at the mid-humerus
level) to become situated medial to the brachial artery at the level of the cubital
fossa. The median nerve is superficial to the elbow joint, just deep to several key
venous targets, as illustrated in Fig. 10.7. Providers should be aware of these vital
structures and their anatomic position at various levels within the arm and exercise
caution with venous cannulation to avoid iatrogenic injury. As the median nerve
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Fig. 10.5 Variations in the superficial venous anatomy of the cubital fossa
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Fig. 10.6 Preferred “safe zone” for venous cannulation within the cubital fossa, at the confluence
of the cephalic and median cubital veins
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supplies motor function to many of the flexors of the forearm and intrinsic muscles
of the hand, injury to the median nerve at the level of the forearm can lead to loss of
pronation of the forearm and loss of flexion of the thumb and pointing finger.
Another anatomic feature contributing to DVA is the presence of venous valves,
which are intraluminal flaps meant to facilitate the proper direction of blood flow
returning to the heart [98, 99]. Without valves, venous blood would be more sus-
ceptible to the effects of gravity and would tend to accumulate in dependent por-
tions of the body. However, if the tip of an intravenous catheter is situated next to
such a valve, the valve can obstruct the lumen of the cannula and prevent the
provider from drawing back blood through the catheter. This can confuse the mat-
ter of whether the vessel has been successfully cannulated. Although flushing the
catheter with saline and confirming the absence of extravasation may alleviate the
provider’s fears, it is generally best to avoid target sites where valves are com-
monly encountered, such as venous branching points [9, 89]. Ultrasonography
and color Doppler imaging can be used to detect the presence of valves within the
superficial veins of the arm and forearm, as can near-infrared vein illumination
devices [90, 100, 101]. When considering whether to cannulate the cephalic,
basilic, or median cubital vein, it should be recalled that valves are most numer-
ous in the cephalic vein [102]. Despite this finding, cephalic vein catheterization
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remains preferred over these other candidate veins, due to its relative distance
from the subcutaneous nerves and arteries of the forearm [92, 96, 97]. Thus, it is
important to consider the “whole picture” of venous anatomy when selecting a
target vein or when troubleshooting a failed attempt.

Vessel Size

Vessel palpability is also a function of vessel size, and vein diameter <2 mm has
been shown to be an independent risk factor for DVA [8]. Anticipated vein diameter
also guides a clinician’s selection of IV catheter gauge. It is recommended that
“veins should be larger than twice the diameter of the catheter,” to prevent occlusion
of the vessel and maintain adequate blood flow around the intravenous catheter [90].

Patient body mass index (BMI) and biological sex can also predict vein diameter
[3, 10, 4648, 58, 90]. Genetic males, on average, possess larger-diameter central
and peripheral veins than females, due to the physiologic need for enhanced venous
drainage associated with increased muscle mass [47, 58, 90, 103]. Clinicians should
target veins that consistently present >2-3 mm in diameter, as these vessels are
associated with a high probability of first-attempt IV success [8]. Table 10.1 com-
pares the average cross-sectional size of commonly accessed peripheral veins within
the arm, wrist, hand, and foot.

When peripheral IV access cannot be secured, or when multiple attempts at
peripheral cannulation could prove detrimental to patient status, providers should
consider central venous catheter (CVC) placement. Central veins are large-diameter
vessels that accommodate high-volume rapid fluid administration [118]. Experienced
operators use palpable anatomic landmarks to guide cannulation of these veins in
the acute setting, which may be preferred over repeated needlesticks at small-
diameter peripheral veins [119]. The ideal CVC site has a low incidence of post-
venipuncture complications and a high rate of insertion success [118]. However,
available data suggest that there is no one “best” location for central venous access,
as each vessel carries its own risks and benefits [120—122]. Table 10.2 highlights the
diameters of central veins commonly used as alternatives to peripheral venous
access [118, 120].

Table 10.1 .Comparis.on of Location Vein Average Diameter (mm)
common peripheral vein Cubital Fossa Cephalic 2.7
diameters [89, 104-117] Basilic 3.0
Median cubital 3.1
Wrist Cephalic 2.2
Basilic 2.1
Hand Dorsal metacarpals 1.1
Ankle Great saphenous 2.7

Lesser saphenous 1.5
Foot Dorsal metatarsal 1.3
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Table 10-? Comparison of Vessel Average diameter (mm)
central vein diameters [103, Internal jugular vein  16.5 (right)
123-126] 11.8 (left)

Subclavian vein 11.6

Femoral vein 10.3

Skin Characteristics

Skin toughness is an independent variable associated with the likelihood of failed
peripheral venous cannulation [14, 15]. Tattoos and scarring both contribute to
increased skin resistance to needle puncture, in addition to decreasing vein visibility
[14]. Comorbidities or localized soft tissue conditions that affect skin thickness,
such as scleroderma, cellulitis, and peripheral edema, should also be considered
when deciding upon a site for peripheral venous cannulation.

The modified Rodnan skin score (mRSS) is used to evaluate skin thickness at dif-
ferent areas of the body [127]. Determination of skin thickness with this scale is
accomplished by using the provider’s thumb and index finger to gently pinch an
area of the skin and look for the presence of wrinkles or skin folds [127]. An mRSS
of zero indicates “normal” skin thickness with the presence of fine wrinkles, while
an mRSS of one describes “mild” thickness with the presence of wrinkles and/or
skin folds, an mRSS of two indicates “moderate” thickness with no wrinkles and
difficulty in making skin folds, and an mRSS of three indicates “severe” skin thick-
ness with an inability to make folds [127]. We propose that areas of skin with an
mRSS >2 should be avoided during initial cannulation attempts, as this may be
associated with a decreased likelihood of venipuncture success. Unfortunately, a
useful clinical algorithm for predicting skin toughness has not been established.

Patient Compliance

Patient behavior and compliance with the venous access attempt is another impor-
tant consideration. Needle puncture may cause significant psychological stress for
patients, especially within the pediatric population [128, 129]. Refusal of venous
attempts and even physiological events (e.g., vasovagal syncope) can result from the
psychological stress induced by venous puncture attempts [129]. For this reason, we
recommend that providers seek out patient preferences regarding the site of venous
puncture or cannulation, when feasible. Patient compliance (and willingness to per-
mit future IV attempts) may be enhanced by enlisting the patient to assist in select-
ing a target vein for cannulation [130].

Patients believed to be under the influence of drugs or alcohol exhibit an increased
risk of violent behavior [131, 132]. In addition, substance abuse can aggravate pre-
existing psychiatric conditions or heighten aggression toward providers, which may
further limit opportunities for safe venous cannulation. Unfortunately, 40-50% of
trauma patients present with signs and symptoms of alcohol use, and they may
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require rapid venous cannulation despite combative behavior [132, 133]. Involuntary
noncompliance with venous cannulation may also be encountered, as in status epi-
lepticus, presenting a real danger to both patient and provider during the IV attempt
[134]. Alternate routes of access may need to be considered for the administration
of anti-epileptic medications in seizure patients, especially when patients are unable
to comply with provider requests to limit spontaneous movement during the attempt.
Intramuscular (IM) injection of ketamine, fentanyl, or other measures to control
agitation and/or moderately sedate patients may help to ensure clinician safety dur-
ing venous access attempts in agitated patients [135]. Moderate sedation should be
considered to allow providers to establish medical control over the behavior of vol-
untarily- or involuntarily-violent patients, optimizing appropriate venous access
attempts [135]. Intramuscular drug administration is also recommended with ben-
zodiazepine therapy for patients who are actively seizing, although intranasal (IN)
and buccal routes of application may suffice [133]. Patient sedation is often critical
in emergent settings to avoid procedural complications, patient deterioration, and
harm to emergency care providers during vascular access attempts [133, 135].

Provider Causes of DVA

Although often overlooked, clinician and provider characteristics appear to be
major contributors to DVA in emergent settings. High-stress situations, lack of pro-
cedural knowledge, fatigue, and distractions can impair any member of the health-
care team and may prove detrimental to catheter insertion. Physician attitude and
bias toward procedural outcomes also play an important role in cannulation success
[136]. Management of these preventable factors should be a priority for emergency
care providers. Even in patients with no identifiable DVA risk factors, provider
influences can quickly undermine venous access attempts.

Distractibility

Physician distractibility is a leading cause of procedural error [137]. Especially in
emergency departments, where high workload and patient complexity are common-
place, clinicians can find themselves juggling multiple tasks at once [7, 138, 139].
This results in increased cognitive demand, including distraction by both internal
and external sources [137]. Internal distractions may manifest when a provider is
responsible for many patients at once, physically performing one task while men-
tally preoccupied with other tasks. This compromises the provider’s ability to focus
on the task at hand, which can lead to preventable procedural complications [137].
External distractions, whether provided by patients or other members of the health-
care team, interrupt provider concentration [137]. Distracted providers may repeat
cannulation attempts at inaccessible veins, disregard appropriate sterile techniques,
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or utilize ineffective strategies to improve vein visibility or palpability [89].
Solutions to decrease a provider’s “cognitive load,” by minimizing external distrac-
tions, may help to optimize efficiency in obtaining vascular access [137, 140]. As
much as feasible, providers should seek assistance from other staff to minimize
external distractions and mentally prepare prior to the venous access attempt, by
focusing their attention solely on the job at hand. Cognitive offloading may be facil-
itated by maintaining a task checklist [137, 138]. Other simple solutions, such as
avoiding small talk with other providers or closing doors upon entering a patient’s
room, have also been suggested to help clinicians focus on individual assignments
[137]. Department-wide reform may even be necessary to improve DVA outcomes,
with implementation of training or educational courses aimed at identifying
distraction-prone tasks, including venous access [137]. Simulated venous access
attempts may also be helpful in recognizing the degree to which internal and exter-
nal distractions impair provider performance, and these lessons may then be trans-
lated to clinical practice [137, 139].

Fatigue

Adequate sleep is paramount to physician performance [139, 141]. Providers who
receive less than the recommended 7-9 hours of sleep per night suffer from impaired
alertness, altered cognition, and decreased fine motor function [139, 141-143].
These provider traits are associated with poor patient outcomes and increased inci-
dence of procedural errors [139, 142]. Fatigued providers may be especially
affected, as sleep deprivation has been shown to be associated with an increased
incidence of self-needlestick injuries [142]. Provider adherence to proper sleep hab-
its is of paramount importance in minimizing fatigue. Such measures include avoid-
ing caffeine, nicotine, bright light exposure, and exercise immediately prior to
bedtime, to optimize sleep initiation and quality [143].

High-Pressure Situations

High-stakes circumstances are known to place significant stress on healthcare per-
sonnel [140, 144, 145]. Such scenarios are complicated by the need for emergent
medical intervention, with patient outcomes often dependent upon clinician perfor-
mance under pressure [140]. This stress can impair providers’ ability to make
important decisions, potentially exacerbating DVA and increasing the risk of avoid-
able patient deterioration [7, 140, 145]. Provider manuals outlining the proper man-
agement of critically ill patients may aid decision-making under stressful conditions
[140, 144]. Making such resources readily accessible within environments that are
prone to critical events, such as the ED or ICU, could serve clinicians and patients
well during high-stakes scenarios [140, 144].
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Experience and Bias

Lack of previous formal training and adequate previous experience in vascular
access have been shown to be associated with decreased competence in establish-
ing venous access [146, 147]. This effect is likely due to a combination of inex-
perience and lack of confidence. Decreased confidence due to provider
inexperience has been shown to predict the likelihood of failed cannulation
attempts [147]. Although increased operator experience is beneficial to vascular
access success rates, it may also impair clinician judgment with DVA patients. If
a provider anticipates DVA prior to IV placement, there is a greater likelihood of
first-attempt cannulation failure [136]. In some cases, this may be a “self-fulfill-
ing prophecy,” in which the provider dooms the access attempt before even start-
ing it. Ideally, a determination of DVA should be based upon all the available
evidence, not just the patient’s DVA risk factors. However, the provider may be
biased from past experiences with peripheral IV attempts on other patients or
even failed previous attempts on the same patient during a previous care episode.
Providers with experience in managing DVA patients may be more inclined to
assume the presence of DVA, resulting in earlier declaration of failure or imme-
diate utilization of alternate access techniques. Thus, an appreciation of DVA
concepts is a two-edged sword, which can be used to help, or hinder, the venous
access attempt. Providers should be encouraged to approach each patient with a
fresh and objective assessment of their risk for DVA and make whatever attempts
at venous access that may be considered reasonable in the setting of the patient’s
presenting condition. While early recognition of DVA is essential in streamlining
venous access attempts, providers must remain vigilant to not assume DVA when
the condition may not exist.

One method of reducing the inappropriate declaration of DVA is the practice of
pairing potential DVA patients with experienced IV operators. This practice has
been associated with a higher likelihood of first-attempt IV success [11, 43, 148].
This may be especially helpful in emergent settings, when critically ill patients are
most likely to benefit from expeditious venous access. The importance of availing
the clinical team with experienced DVA providers cannot be overstated. Previous
studies have shown that exposing inexperienced vascular access providers to
instructional books or videos on IV insertion is not associated with increased can-
nulation success rates [146]. Based on the available evidence, it appears that a
skilled provider’s experience with DVA seems to be the best predictor of appropri-
ate DVA management. Providers with an inadequate understanding of the risk fac-
tors for DVA may benefit from review of current DVA guidelines regarding
presentation and treatment modalities, thereby refining individual perceptions of
how DVA appears in the emergent clinical setting. However, DVA management
appears to be best handled by experienced IV operators who already understand the
intricacies of IV placement in DVA patients.
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Environment Causes of DVA

Environmental risk factors can impair both patients and providers. Unfortunately,
identifying specific environmental risk factors for DVA can be a difficult task.
Healthcare providers and institutions should be aware of the potential pitfalls
encountered with short-staffing, resource unavailability, and chaotic settings and
how these circumstances contribute to the presence of DVA.

Venous catheterization requires a wide array of equipment, which may not
always be available to the emergency care provider [89]. The relative unavailability
of VADs/VASDs, sterilizing accessories, tubing, and personal protective gear can
impair provider function and delay appropriate intervention [149, 150]. Stocking
DVA-specific “crash carts” or toolkits with devices and adjuncts needed to facilitate
emergent cannulation can reduce delays in cannulating patients with difficult vascu-
lar access [151, 152]. However, daily organization and maintenance of these toolkits
are essential [151, 153].

Staffing shortages are associated with increased adverse patient events [150,
154]. In hospitals with inadequate staffing ratios, specialized personnel may not be
available to assist with more complex, occupation-specific tasks. DVA patients can
be particularly affected by such environmental factors, especially in the absence of
experienced vascular access specialists. Providers for DVA patients must be given
adequate assistance from others with patient positioning, minimizing patient stress
and otherwise facilitating the venous access attempt [89].

Providers should optimize their physical environment as much as possible when
preparing to establish venous access. Noise and light conditions can have a signifi-
cant impact upon physician performance [7, 138]. Poor overhead lighting nega-
tively effects vein visibility [4], and high levels of noise may worsen provider
distractibility [137]. The presence of stressed patient family members, especially in
high-stakes circumstances, can further compromise provider focus [137, 138].
These added distractions interfere with the execution of careful, rehearsed treatment
steps and can place the patient at risk of complications [137, 155]. Providers and
institutions should consider the implementation of policies limiting the presence of
nonessential personnel within treatment rooms during venous access attempts
[156]. This will decrease distraction and avoid crowding, thereby freeing up addi-
tional space for procedures or resuscitative measures [156].

Additional DVA Risk Factors
Comorbid Conditions
Certain sequelae of previous comorbid conditions may also limit the potential target

sites for venous access. Patients presenting with limb amputations or contractures
provide fewer options for peripheral vein cannulation, potentially forcing clinicians



236 J.H. Paxton et al.

to consider CVC or IO techniques early in the management algorithm. The exis-
tence of an arteriovenous fistula (AVF) or graft (AVG) for the purposes of hemodi-
alysis can present an obstacle to venous catheter placement, as venous access is
generally contraindicated in limbs containing preexisting fistulae [157]. Patients
engaged in routine hemodialysis due to advanced renal failure may require conser-
vation of their dialysis site for life-sustaining hemodialysis treatments. These
extremities may be tempting sites for venous cannulation, as they are prominent and
appear to be readily accessible for purposes of emergent infusion. However, the
provider should be aware of the potential risks of cannulating such hemodialysis
sites for emergent infusion of medications and fluids. Cannulation of a hemodialysis
site for emergent infusion does introduce the risk of disruption or destruction of the
site for future hemodialysis, due to clot formation or injury to the AV fistula site,
which could cause thrombosis of the site and render this access point unusable for
future dialysis treatments. This is a major risk, as many hemodialysis patients may
not be able to be dialyzed at this site due to thrombosis or other injuries to the fistula
site resulting from emergent cannulation. Furthermore, medications or fluids admin-
istered via an AV fistula site may not be delivered efficiently to the venous system,
since the AV fistula is, by definition, connected to both the arterial and the venous
circulation. We suggest that extremities possessing an AV fistula or graft not be
utilized for emergent venous cannulation unless adequate efforts have been made to
establish alternative venous access in other extremities first. In general, AV fistulas
or grafts should not be utilized for emergent vascular access until attempts at venous
access at other extremities have been exhausted and the provider feels that no other
venous access is possible.

When patients with AV grafts or fistulas present in emergent settings, we suggest
that the extremity containing the AV graft or fistula not be utilized for venous access.
In such patients, providers should immediately look to alternate extremities (or con-
sider central venous access) for cannulation [34]. If the patient has already received
AV fistulas or grafts to both upper extremities, providers may need to utilize more
rarely cannulated peripheral veins, such as lower extremity vessels of the ankle
and foot.

Vascular Trauma and Vein Disease

A history of vascular trauma, such as that seen in IV drug abusers or patients with
chronic medical conditions requiring frequent needlesticks, increases the likelihood
of PIV placement failure. In one study, diabetes mellitus and sickle cell disease appear
to be positively correlated with an increased risk of DVA [1]. In response to vascular
trauma from repetitive needle insertion, inflammatory markers within the venous
endothelium stimulate formation of fibrous tissue [158]. This results in intimal hyper-
plasia and vessel wall thickening, which can permanently hinder attempts at cannula-
tion due to scarring and stenosis of the venous lumen [158, 159]. Patients with chronic
venous disease, such as those with a history of deep vein thrombosis (DVT) or vari-
cose veins, suffer from a similar mechanism of venous scar formation [3].
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Coagulopathies

Coagulation disorders are also a significant predictor of difficult venous cannulation
[3]. Patients with coagulopathies (e.g., hemophilia, von Willebrand’s disease, thera-
peutic anticoagulation, or antiplatelet therapy) undergoing any procedure that
breaks the skin (no matter how minimally invasive) are more likely to form a hema-
toma at an IV site than patients without coagulopathy. This underscores the impor-
tance of a successful first IV attempt, as failed attempts diminish the likelihood of
future success in the immediate area [3].

History of Chemotherapy

Traditionally, infusion of chemotherapy drugs has been linked to the presence of
DVA in cancer patients [2, 160]. Vesicant chemotherapeutic agents, such as the
anthracyclines and vinca alkaloids, are known to cause significant endothelial vas-
cular dysfunction and tissue necrosis [161, 162]. This damage to the vessel intima
increases the difficulty of subsequent cannulation [17]. However, such adverse phe-
nomena are exclusive to peripheral vasculature and do not occur with chemothera-
peutic infusion through the central veins [163]. The advent of implantable central
venous catheters for use in cancer patients did not occur until the 1980s, which may
explain the historical association between chemotherapy and peripheral vein DVA
[164]. Modern-day criteria for the administration of vesicant chemotherapeutic
drugs continue to recommend the use of central venous access devices, such as
PICC lines or Mediports, to avoid vascular remodeling and DVA development in
cancer patients [34, 165, 166]. Exhaustion of physiologic venous supply is an
extremely common phenomenon in patients with end-stage renal disease (ESRD)
[167, 168]. Arteriovenous fistulas and grafts represent a relatively high-pressure
vascular region, which is not ideal for the infusion of fluids or medications, due to
the increased intrinsic vascular resistance to infusion caused by fistulization of the
venous and arterial systems. The long-term complications from emergent cannula-
tion will usually far outweigh any immediate benefits.

The Effects of Aging

Elastic fibers located within the perivascular connective tissue allow veins to deform
under stress and to subsequently recoil against pressure [169]. Loss of these elastic
fibers with the aging process may increase the risk of a “blown” vein (i.e., vascular
rupture upon introduction of a needle) or venous collapse with early infusion [170].
Aging is also associated with increased venous and arterial calcification, which
causes hardening or stiffening of vessels, making them more resistant to needle
puncture [171-177]. These calcifications may prevent full occlusion of the vessel
with pressure, following needle retraction [174]. This leads to an increased risk of
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bleeding and hematoma formation [174]. Providers should be aware that advanced
age may increase the risk of DVA and should plan accordingly.

Certain patients already possess established venous access sites associated with
chronic medical conditions. For example, indwelling catheters and subcutaneous
ports are commonly available in chemotherapy patients, as they are used for repeated
and prolonged infusions of chemotherapy drugs as a means of avoiding recurrent
needle sticks. Such devices can accommodate high-volume flow [178]. This makes
them ideal for use under emergent conditions, especially when peripheral cannula-
tion is either delayed or impossible. However, indwelling devices are susceptible to
both blood clots (the rationale for periodic flushing of the device with dilute heparin
to maintain patency) and bacterial colonization, which may increase patient mortal-
ity [178, 179].

Pathways for DVA Management

Because of the rising incidence of DVA within the general population, the medical
community must make a concerted effort to change the way in which healthcare
providers approach this problem. Difficult venous access is a dynamic issue that
depends upon many factors, and providers should recognize both provider-specific
and institutional limitations that impact their ability to provide adequate and effi-
cient vascular access. When confronted with seemingly inaccessible peripheral
veins, providers should have already adopted a clearly outlined algorithm for inter-
vention, complete with multiple solutions to augment first-attempt IV success. This
must be supplemented with a checklist of possible auxiliary solutions, in the event
of standard landmark-based IV failure. Equipping healthcare teams with these tools
and tactics can help emergent responders define a path toward consistent vascular
access success [180].

The initial survey of any DVA patient should account for the patient’s complete
medical status. The acuity of a patient’s need for venous access will direct treatment
steps and should guide the provider’s choice of VAD [40]. Providers should select
VADs based upon the presence or absence of critical illness and the proposed dura-
tion of IV therapy, according to Centers for Disease Control and Prevention (CDC)
and Michigan Appropriateness Guide for Intravenous Catheters (MAGIC) guide-
lines [34, 122]. Peripheral IV catheterization (with or without ultrasound guidance)
is indicated in stable DVA patients with a projected length of therapy <14 days [34].
Providers should consider PICC placement after 6 days of therapy in DVA patients,
in order to decrease the risk of thrombophlebitis associated with repetitive
needlesticks [34].

If the provider has decided that their patient is stable enough to tolerate periph-
eral vein cannulation, a limited number of attempts at PIV access should be allowed,
even in patients experiencing DVA [40, 181]. However, the acceptable number of
failed PIV cannulation attempts should be established prior to the first attempt, ide-
ally informed by prior consultation with the patient. Failure of these initial PIV
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attempts should be followed by adjunct topical treatments and/or the use of VASDs
(including ultrasound guidance) [40]. Sou et al. incorporated US-guided PIV into
their own “DiVA pathway,” and this protocol was found to significantly reduce the
need for CVC placement in patients experiencing DVA [2]. For those vascular
access teams unable to achieve PIV placement within a short predetermined win-
dow of time (e.g., 2 minutes), we suggest that ultrasound should be the “go-to”
solution for appropriate patients. Unstable patients who remain refractory to periph-
eral IV access after adequate attempts should be considered candidates for immedi-
ate CVC or 10 line placement [40, 181].

Published DVA algorithms suggest that at least two attempts at peripheral IV
access should be tolerated in critically ill patients before resorting to CVC or 1O line
placement [40, 181]. However, providers should be prepared to override these rec-
ommendations under emergent conditions. The MAGIC recommendations suggest
that CVCs be used in critically ill DVA patients — with a projected duration of IV
therapy lasting < 14 days — at the onset of treatment [34]. Clinicians should utilize
this option if rapid fluid and drug administration, cardiac pacing, or monitoring of
central venous pressure is anticipated [6]. The provider must keep in mind, however,
that CVC cannulation carries a high risk of complications that could potentially
worsen a patient’s condition [6, 182]. In patients that cannot tolerate these risks, IO
cannulation may be a superior option. Intraosseous vascular access can be accom-
plished without interrupting chest compressions (if necessary) and can be com-
pleted more quickly than CVC placement [6, 182, 183]. Since IO catheters are only
currently recommended for dwell times < 2 days, providers should use 1O catheters
as part of a “bridging” strategy to temporarily infuse fluids and medications while
planning for more definitive venous access [6, 79].

Conclusions

Difficult vascular access is a multifaceted problem that all emergency care providers
should understand. Rather than a feature or comorbidity of at-risk patients, DVA
exists as a condition influenced by time constraints, as well as many patient-specific,
provider-specific, and environmental factors. These factors must all be considered
when managing difficult vascular access under emergent conditions. Due to recent
advances in healthcare, patients are living longer with chronic conditions than ever
before. Consequently, patient-specific factors contributing to the presence of DVA
will likely represent an increasing challenge to providers in the future. Individual
providers and institutions should seek to optimize the conditions under which
venous access occurs for all our patients, not just those deemed to be at risk for
DVA. Considering the importance of timing in the management of acutely ill
patients, providers should seek out ways to provide venous access more efficiently
and effectively. This necessitates an understanding and appreciation of alternative
methods of gaining venous access under DVA conditions, including the use of
adjunct devices and indirect venous access methods.
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Key Concepts

Rather than simply a comorbidity or feature of at-risk patients, DVA should
be considered a condition influenced by time constraints, as well as patient-
specific, provider-specific, and environmental factors.

Solutions aimed at reducing the clinical burden of DVA must address each
of these factors and may require significant provider-specific and institu-
tional changes.

Patient-specific factors, such as inadequate vein visibility and palpability,
are important obstacles to successful venous cannulation. Vascular access
support devices and other adjuncts may help to overcome these obstacles.
Providers should be aware of alternative methods of gaining direct or indi-
rect venous access and have adequate prior training and confidence in
their use.

Providers should prepare for instances of DVA in advance, by developing
management plans that incorporate specific triggers (e.g., timing, number
of failed attempts) to guide venous access attempts under stressful or cha-
otic conditions.

Algorithms for the management of DVA can equip healthcare providers
with stepwise solutions for DVA. Providers should become familiar with
evidence-based algorithms for DVA and consider their use.
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Decision-Making for Emergent Vascular 1 1
Access

James H. Paxton and Alexandra Lemieux

Introduction

Decision-making on emergent vascular access can be challenging, even for the most
experienced provider. As mentioned in previous chapters, many factors must be
considered when deciding upon which type of vascular access device (VAD) to use,
including patient-specific, provider-specific, environmental, and time-related fac-
tors. Despite these challenges, it is still possible for providers to develop a struc-
tured, systematic approach to their own decision-making regarding establishing
vascular access under emergent conditions. This chapter will outline some of the
existing evidence on how to select the right VAD for a specific patient, operating
under the assumption that providing vascular access in an emergency differs from
providing access under other clinical circumstances.

The first and most crucial step in deciding upon the proper VAD for use under
emergent circumstances is making an accurate and rapid assessment of the circum-
stances surrounding that decision. The ability to make such assessments constitutes
a unique skill set that emergency care providers will develop over time and with
proper training. While it is possible to establish guidelines and policies relating to
the use of VADs for specific patient populations and circumstances, even the most
comprehensive clinical guidelines cannot account for all possible situations.
Consequently, decision-making in emergent vascular access is as much an “art” as
a “science.” Like all artists, providers of emergent vascular access will bring their
own unique talents, perspectives, and understanding of the patient’s clinical
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condition and circumstances to the task. In this chapter, we will provide some of the
tools needed to make the “right” decisions for patients, although the final solution
will always be dependent on providers’ ability to recognize when and how to use
those tools.

Have a Game Plan

Providers should develop a vascular access “game plan” before starting the first
vascular access attempt. This might be a simple mental algorithm that the provider
has used on innumerable previous patients, but should include next steps that the
provider will take if preceding approaches are unsuccessful, and must be able to be
quickly adapted to changing circumstances. Under stressful and time-limited condi-
tions, providers should have at least a rough sketch of this game plan going into the
encounter, with the understanding that the plan will be modified as conditions
change. This may help to prevent bad decision-making “in the heat of the moment”
and should enable providers to gather the anticipated resources prior to needing them.

One example of such a game plan might be: “Try for a visualized/palpable vein
large-bore peripheral IV in the upper extremity. If no PIV is established after two
attempts and the patient is stable, consider US-PIV. If the patient is unstable, estab-
lish a proximal humerus IO or EJ PIV.” Establishing such a vascular access plan a
priori provides a cognitive framework for the provider that will facilitate rapid tran-
sition from one failed effort to the next sequential step, without requiring a cognitive
pause on the part of the provider. This type of cognitive unloading should help the
provider to focus upon the task at hand, rather than subconsciously (or consciously)
worrying about what the next step should be. Most providers who are involved in
establishing emergent vascular access on a regular basis already have a mental algo-
rithm that they use regularly, even if they don’t recognize it. For those who do not
yet have one, efforts to develop such a mental algorithm should help to enhance
efficiency and increase the likelihood of successful line placement.

Environmental Limitations

Before considering patient- or provider-specific circumstances, it is important for
providers to accurately assess the environment that they are working in. Importantly,
a provider’s environment is not only the physical space in which the provider is
working, although this is an important aspect. Providers must also consider what
local tools and resources are available to them to assist in performing their task.
Austere environments (e.g., the prehospital environ) are characterized by limited
access to technologies and assistance in establishing vascular access. For providers
who are accustomed to working in a specific clinical environment, these limitations
will be intuitively incorporated into the provider’s decision-making. But individuals
who are working in a new or unfamiliar environment should assess their environ-
ment carefully before establishing a plan for meeting the patient’s vascular access
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needs. Providers must know what VADs are available to them, including which
adjunct and assistive technologies (e.g., ultrasound, vein-finding devices, etc.) may
be available when needed. This includes not just knowing what tools are generally
available but being aware of any shortages in stocking supplies, where supplies are
kept in one’s clinical space, and proactively arranging supplies in one’s space
(within the realm of possibility) to accommodate anticipated needs during the acute
care episode. Providers should try to learn from their difficulties with prior attempts
and modify future approaches to prevent those difficulties in the future. One should
always hope for the best conditions but plan (and prepare) for the worst.

An accurate assessment of one’s environment will help to rule in or rule out the
ability to use specific types of vascular access devices or useful adjuncts. A few key
questions that providers should ask themselves when assessing their environment
include:

e Where am I? Providers who are treating a patient in a dark hallway or abandoned
building should expect more austere conditions than providers working in a well-
lit emergency department or inpatient hospital room. Access to adequate light-
ing, a crash cart, a stash of medical supplies, or other needed resources will
always be dictated by the location of the intervention effort.

e What did I bring with me? This may be the easiest thing for a seasoned vascular
access specialist to assess. Rapid response teams and prehospital providers will
know exactly what is in their “pack,” although those new to the emergency
department or inpatient setting may not know what they have available at their
fingertips, especially if they did not bring it themselves. Providers should also
consider what specialized knowledge and training they bring to the patient’s
care. Sometimes the most valuable tool that a provider can offer to the patient is
their own skill set.

e What resources are summonable? In any environment, it is important for provid-
ers to consider what additional resources can be quickly recruited to the vascular
access attempt. Providers must know how to find what they need and which
devices and adjuncts may be quickly obtained in their care environment.

e s assistance available? Providers who are working alone will have fewer
options, especially if the patient is unstable and requires simultaneous comple-
tion of other (i.e., non-vascular access) tasks. Optimally, the vascular access spe-
cialist should be focused on establishing vascular access, not providing chest
compressions, transporting the patient, intubating the patient, etc. Providers must
know their limits, including when to ask for help.

Clearly, many such questions about the environment are best asked and answered
well before the immediate need for emergent vascular access occurs. For those who
are new to the world of emergent vascular access, this educational process will be
revealing. Providers should not wait until their patient is crashing to ask these ques-
tions. For those who have a long track record of providing emergent vascular access,
the answers may be familiar but should bear occasional reassessment. After all,
circumstances can change.
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Patient Assessment

Once the provider has assessed where they are, and what resources they can quickly
access, they must focus on the characteristics unique to the patient and their emer-
gent medical condition. More than likely, these patient characteristics will not
already be well-known to the provider. Unfortunately, critically ill or unstable
patients may not have the time or ability to educate the provider about their medi-
cal history or previous vascular access attempts. Family members or others famil-
iar with the patient may not be available, and medical records may be scarce or
unavailable. Emergency care providers are accustomed to this dearth of informa-
tion on their patients, but it may be unsettling to those less familiar with such cir-
cumstances. It is imperative that providers approach each encounter requiring
emergent vascular access as objectively as possible, understanding that limited
information about the patient’s medical condition and past medical history are the
rule, rather than the exception. Providers must be able to assess the patient rapidly,
with limited information and a critical eye toward how they can achieve your pri-
mary objective — to establish vascular access quickly and with a minimum of risk
to the patient.

Although each patient’s needs are different, providers can still employ a system-
atic method of patient assessment when establishing emergent vascular access. The
experienced provider will begin their assessment even before they have examined
the patient. The patient’s ability to assist and comply with vascular access attempts
should be evident within seconds of meeting them, including behavior or exam find-
ings that suggest limiting circumstances such as intoxication, agitation, diminished
mental capacity, cardiac arrest, and uncontrollable movement. Such global patient
factors will dramatically change the provider’s approach, and providers should have
a “go-to” approach for managing uncooperative patients that will likely differ from
the approach taken with a cooperative patient.

If the patient is awake and able to communicate, important information may be
obtained very rapidly from the patient within seconds. When feasible, patients
should be asked about their own vascular access preferences as well as their self-
reported contraindications to considering specific insertion sites and/or modalities.
Compliance with vascular access attempts among alert patients may be enhanced by
consulting the patient on their VAD preferences. The discovery of relevant physical
exam findings (e.g., hemodialysis fistulas, venous scarring, small-caliber veins,
etc.) may also be accelerated by simply asking the patient about the success or fail-
ure of previous vascular access attempts or access sites that they believe to be “off-
limits” to providers.

Unfortunately, hemodynamically unstable patients may be uncooperative and/or
unreliable historians. Even stable patients have myriad reasons for not complying
with vascular access attempts, including the presence of alcohol or other intoxi-
cants, acute psychiatric illness, dementia, or agitation due to pain and anxiety (just
to name a few). When assessing an unstable patient, providers should be prepared
for the likelihood that the patient will not be able to provide any helpful information
during the assessment, and they may even fight one’s efforts to establish adequate
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vascular access. Any other baseline assumption is counterproductive. Understanding
this, providers should approach the patient encounter expecting to intuit their way
through the process, including a strong reliance on physical exam findings and cir-
cumstantial evidence. Input from the patient, though valuable and worth seeking,
may not be forthcoming.

Before anchoring upon a specific VAD insertion site or device, the provider
should perform a brief but adequate physical examination of the patient. The pur-
pose of this examination is to identify the presence of physical characteristics that
could influence the provider’s choice of site and device in forthcoming vascular
access attempts. A systematic approach is of value here. The provider should expose
the patient by removing clothing and other obstacles to full evaluation of their upper
extremities, chest, and neck. The patient should be examined for surgical scars or
evidence of repeated venous access attempts, as well as extremity swelling or soft
tissue patterns that could make cannulation unlikely. The presence of an active
hemodialysis fistula or graft will alert the provider to this important limitation, as
venous access should not be performed on the same extremity, to preserve dialysis
access. Although nonfunctional (e.g., clotted and unsalvageable) hemodialysis sites
may be considered for venous cannulation under austere circumstances, it is always
preferred to avoid cannulating an extremity with altered anatomy, and the contralat-
eral extremity should be considered first. If the salvageability of the hemodialysis
site is unknown to the provider (as is often the case), providers should assume that
the extremity is off-limits. For cardiac arrest patients, especially when IO access
may be required, it is important to examine both the shoulder and knee joints for
surgical scars as joint surgery is a relative contraindication to placement of an 10
catheter at that location. Providers should look for long-bone fractures or joint dis-
locations, to avoid placing an IV or IO on the same extremity as an acute orthopedic
injury or disruption of the bony cortex. Acute orthopedic injuries may compromise
venous/lymphatic drainage from the extremity. Mastectomy scars may suggest that
IV or IO placement should be avoided on the ipsilateral upper extremity due to
potentially impaired lymphatic drainage following previous lymph node dissection.
These and other contraindications to specific insertion sites can help the provider to
immediately rule out certain access points, allowing the provider to prioritize avail-
able appropriate insertion sites in their placement algorithm.

An “anatomic inventory” (Table 11.1) can provide one means of rapidly assess-
ing the emergent patient’s physical state as it relates to potential vascular access
sites. This type of approach will quickly identify key anatomic considerations that
may compromise the patient’s ability to receive specific device types or vascular
access sites.

The key component of such an anatomic assessment is the provider’s ability to
rapidly evaluate the patient and identify key physical examination findings suggest-
ing which vascular access sites and devices may be compromised for the patient.

When assessing a patient’s vascular access needs, providers should also attempt
to predict how the VAD will be used during the patient’s subsequent care. In the
acute setting, it may be necessary to establish “bridging” access to stabilize the
patient’s condition while appropriate definitive vascular access is being attempted.
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Table 11.1 Anatomic inventory for rapid assessment of vascular access obstacles

Anatomic finding
Altered mental status

Unstable vital signs
Cardiac arrest

Neck scarring

Extremity scarring
Surgical scarring at joints
(e.g., shoulder, knee)
Traumatic orthopedic
deformity

AV graft or fistula

Rash or cellulitis
Extremity edema

Pre-existing access (e.g.,
PICC line, PIV line, etc.)
Isolated diminished
extremity pulse

Types of VAD
Key obstacles compromised
Inability to follow commands or comply PIV, CVC, IO
with assessment and VAD insertion effort
Venous collapse, reduced pulse perception ~ PIV, CVC
Venous collapse, impaired circulation,
extremity movement, chest compressions
Central venous collapse, venous obstruction CVC
Peripheral venous collapse, venous fragility =PIV
Distorted bony landmarks, disrupted 10
drainage from intraosseous space
Soft tissue swelling, disrupted bony cortex,  PIV, IO
distorted anatomy, impaired venous drainage
Need for dialysis site preservation, distorted PIV
anatomy, impaired blood flow

Risk of infectious complications PIV, IO
Obscured anatomy, impaired venous PIV, IO
drainage

Need to preserve long-term vascular access, PIV, 10, CVC
questionable functioning of existing device

Impaired blood flow, increased risk of PIV, IO
extremity malperfusion

Table 11.2 Examples of patient needs to consider with the initial vascular access attempt

Immediate needs
(stabilization)

Intubation (RSI)
Vasopressors

Fluids (bolus)

Antibiotics

Hyperosmolar agents
Anticoagulation

ACLS medications/CPR
Blood sampling
Hemodynamic monitoring
Intravenous contrast
Patient preference
Interventional procedures
Low risk of complications

Long-term needs
Short-term needs (hospitalization)  (post-hospitalization)

Continuous infusions Central vein preservation
Vasopressors Minimal risk of CRBSI
Fluids (maintenance) Minimal risk of CRT
Antibiotics (inpatient) Antibiotics (long-term)
“As-needed” medications

Anticoagulation

Parenteral nutrition

Blood sampling

Hemodynamic monitoring
Intravenous contrast
Patient comfort

Low risk of line failure
Low risk of complications

Note: RSI rapid sequence induction, CRBSI catheter-related bloodstream infection, CRT catheter-
related thrombosis, ACLS advanced cardiac life support, CPR cardiopulmonary resuscitation

However, providers should always seek to establish definitive vascular access that
satisfies all the patient’s anticipated needs on the first vascular access attempt. This
might prevent additional VAD placement from being necessary and may ultimately
improve the quality of care afforded to the patient. Examples of important consider-
ations when assessing a patient’s needs for immediate vascular access are provided
in Table 11.2. Each of these considerations should be assessed for the patient prior
to making first attempts at establishing access.
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Presenting Medical Conditions

The patient’s presenting condition is an important consideration when assessing
vascular access needs. Some patients may not require immediate access, although
the underlying assumption in this chapter is that emergent vascular access is
required. Other patients (e.g., cardiac arrest) may require immediate intervention
that is only possible through a VAD. Many patients will fall somewhere in between
these two extremes. The primary distinction here is the time-sensitive need for an
intervention that requires a vascular access device. This determination should be
made by the medical provider who is treating the patient’s medical condition, and
this person may not always be the same person who is providing vascular access. In
such cases, communication between the medical provider and the vascular access
provider is paramount to appropriate and successful line placement. As discussed
previously in Chap. 10, time constraints are an important contributor to difficult
vascular access. Consequently, providers should give themselves as much time as
possible to plan and execute VAD placement but must also avoid delays. Thus, the
provider must strike a balance between the needs of the patient for immediate ther-
apy and the needs of the provider.

The presence of specific medical conditions may also guide the selection of an
appropriate VAD. For example, patients presenting with suspected septic shock may
reasonably be expected to require large volumes of bolus crystalloid infusion and
vasopressors. Although fluids may be delivered by various routes, vasopressor infu-
sion should be delivered by central venous access. In this case, the provider should
anticipate that central venous access may be required, although a bridging device
(e.g., large-bore peripheral IV) may be established to initiate fluid infusion. This
will allow the patient to receive required antibiotics and fluids early, which may
improve the patient’s intravascular volume and enhance the likelihood of a success-
ful subsequent central line attempt by enlarging the central vein targets. In some
cases, “fluid-responsive” patients suspected of septic shock may improve hemody-
namically after receiving fluids alone, thereby postponing or eliminating the need
for central venous access. An awareness of the patient’s suspected medical condi-
tion, as well as the appropriate interventions planned to treat this condition, may
allow such a staged approach to vascular access. This example highlights the need
to predict a patient’s future vascular access needs, as well as the importance of
modifying or adapting the vascular access plan in response to subsequent events.

The need for infusion of crystalloid (e.g., normal saline, lactated Ringer’s solu-
tion) or colloid (e.g., hetastarch, albumin) solutions is a common indication for
vascular access device placement. In the acute setting, providers often think of fluid
infusion in terms of “bolus” aliquots of large volumes infused over a short period of
time. As discussed in Chap. 2, fluid flow rates are dependent on a variety of factors,
including internal catheter diameter, catheter length, fluid viscosity, and infusion
pressure gradients. Longer, thinner catheters typically have lower maximal flow
rates than shorter, wider catheters. Larger veins typically have lower resistance to
flow than smaller veins. Higher viscosity fluids may infuse more slowly than less
viscous fluids. Understanding these concepts will inform the provider’s choice of
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vascular access device and decisions on whether to use devices that enhance the
infusion pressure gradient (e.g., pressure bags, infusion pumps). Blood products are
more viscous than crystalloid fluids, and fluids containing red blood cells (e.g.,
whole blood, packed red blood cells) introduce the additional concern of red blood
cell (RBC) lysis, which can cause or worsen hyperkalemia and reduce the effective-
ness of the RBCs infused. It is important to predict the patient’s need for immediate
bolus fluid infusion when planning VAD placement. In many cases, multiple VADs
may be indicated to accommodate the patient’s need for immediate bolus infusion,
especially when other medications (e.g., antibiotics, electrolyte replacement) may
be competing for infusion space at the same time.

Many sources recommend selection of the proper gauge catheter based upon the
patient’s presentation and the indications for VAD placement. Commonly recom-
mended indications for different gauges of peripheral IV insertion are illustrated in
Fig. 11.1.

The Advanced Trauma Life Support (ATLS) guidelines recommend the immedi-
ate establishment of two large-bore (i.e., 18-gauge or larger) peripheral IV lines at
the forearm or antecubital fossae for adult major trauma victims [1]. These patients
often require large volumes of crystalloid fluid and blood products; both indications
suggest the need for large-bore catheters.

The American Heart Association (AHA) Advanced Cardiac Life Support (ACLS)
guidelines recommend attempting PIV insertion prior to the use of other vascular
access techniques for victims of cardiac arrest, although no specific guidance is
offered regarding the gauge or location of PIV insertion [2]. The only caveat to this
is that PIV insertion is recommended to be above the diaphragm for pregnant
patients, although common practice for all cardiac arrest victims is to seek PIV

Fig. 11.1 Commonly

used peripheral IV line
gauges and their
indications Gray (16 G)
150-240 mL/min Trauma

Pink (20 G)
60-80 mL/min

Routine medication / fluid

20 mL/min (Elderly) .

Yellow (24 G)

Purple (26 G)
10-15 mL/min

(Pediatric)
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placement at the antecubital fossa whenever possible. Intraosseous access should be
considered when PIV access is unsuccessful or deemed to be infeasible [2].
However, the ACLS guidelines offer no specific guidance on how many PIV
attempts should be made (or the duration of said attempts) prior to the decision to
initiate 1O access.

Most of the published literature on IO access for cardiac arrest highlights the use
of proximal tibial IO placement, although this is a subdiaphragmatic location, and
therefore appears to be suboptimal. Humeral or sternal 10 catheters may be pre-
ferred, as these sites are associated with higher flow rates and are situated closer to
the central circulation. Among neonates, umbilical venous cannulation is the pre-
ferred vascular access route in the delivery suite, although IO access may be
attempted if the umbilical vein access is not available or the patient is being treated
outside of the delivery room. Additional information about umbilical vein catheter-
ization is provided in Chap. 8.

Patients with septic shock appear to enjoy improved mortality when receiving a
central venous catheter (CVC) on the same day as admission, as compared to those
who receive CVC placement later in their hospital course [3]. Of course, a diagnosis
of septic shock requires that patients with sepsis fail to respond to an adequate (e.g.,
30 mL/kg) resuscitative crystalloid fluid bolus and ultimately require vasopressors
[4]. Many hypotensive patients presenting to the acute care provider are not yet dif-
ferentiated, and some may respond to aggressive fluid resuscitation without the
need for vasopressors. Thus, undifferentiated patients with hypotension, including
those who are suspected of septic shock, should ideally receive adequate crystalloid
fluid resuscitation through large-bore PIV cannulae before a central line is deemed
to be required. Methods to assess the patient’s intravascular volume status (e.g., col-
lapsibility of the inferior vena cava on bedside ultrasound, response to leg lift, etc.)
should be employed to gauge the patient’s need for, and subsequent response to,
fluid boluses. The management of hypotensive patients suspected of sepsis may
therefore benefit from a staged response, including immediate placement of ade-
quate large-bore peripheral vascular access, followed by central venous access as
suggested by the patient’s subsequent response to bolus fluid administration.

Indications for a central venous catheter are well-defined in the medical litera-
ture. In the emergent setting, the indications for CVC placement include inadequate
peripheral venous access, need for continuous infusion of vasoactive medications,
or need for hemodynamic monitoring. Of course, perceptions of the adequacy of
peripheral access and need for hemodynamic monitoring are subject to provider
interpretation.

Medication Characteristics

The need for intravenous medication infusion is another common indication for
emergent vascular access. Although many medications can be administered safely
via peripheral venous access, others may require central venous infusion. The
Infusion Nurses Society Standards of Practice state that continuous infusions of



258 J. H. Paxton and A. Lemieux

medication with irritant or vesicant properties should be achieved with a CVC
whenever possible [5]. For time-critical infusions of life-saving therapies, such as
vasopressors, the infusion should be initiated with a PIV until a CVC can be safely
inserted, preferably within 24-48 hours [5]. Hemodilution, the process by which
potentially noxious medications are diluted in the bloodstream during infusion, is
limited with infusion through peripheral veins. This can lead to injury to the vein or
surrounding tissues when certain substances are infused through a peripheral vein,
especially in the event of infiltration (i.e., infusate escaping from the vein/cannula
into the surrounding tissue).

It is important to note the distinction between venous irritants and vesicants
when assessing a patient’s vascular access needs. Venous irritants cause pain or
discomfort with infusion, while vesicants are agents capable of causing blistering,
tissue sloughing, and soft tissue necrosis in the event of solute infiltration. Venous
irritants may cause injury within the vessel lumen, including phlebitis and thrombo-
phlebitis. Extravasation is the term generally used when describing infiltration of a
vesicant solute, as opposed to less noxious (i.e., non-vesicant) solutes. Damage to
the soft tissues due to vesicant extravasation can require aggressive management,
including surgical debridement [5]. Common medications that qualify as venous
vesicants are provided in Table 11.3.

Drugs that qualify as venous irritants can usually be safely administered via PIV
with adequate monitoring, although central venous infusion is preferred when these
medications are given as continuous infusions. Agents classified as venous irritants
that should not generally be administered via PIV include potassium chloride
(=20 mEq/100 mL), sodium chloride (23.4%), acyclovir >7 mg/mL, and long-term
epoprostenol infusions. Of course, some venous irritant drugs are commonly given

Table 11.3 Common venous vesicants used in emergency care [5-7]

Drug Recommended VAD

Adrenergic agents (e.g., dobutamine, dopamine, CVC

epinephrine, norepinephrine, vasopressin)

Aminophylline CVC, monitor if PIV

Antiemetics (e.g., promethazine) PIV (if proximal to wrist); may be
given IM

Cardiovascular agents (e.g., amiodarone >2 mg/ml, CVC, monitor if PIV

digoxin, tromethamine)

Contrast (radiographic) agents CVC, high-pressure injector midlines,
monitor if PIV

Dantrolene CVC, use PIV for emergencies

Diazepam CVC, monitor if PIV

Electrolytes, high osmolarity (e.g., mannitol >5%, CVC, monitor if PIV

dextrose >10%, calcium chloride 10%, calcium

gluconate 10%)

Methylene blue CVC, monitor if PIV

Parenteral nutrition CVC if contain >10% dextrose; use
peripherally-compatible PN for PIV

Phenytoin CVC, monitor if PIV
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via PIV infusion under specific emergent circumstances such as dextrose (up to
50% solution, for severe hypoglycemia), calcium chloride 10% and amiodarone (in
cardiac arrest), mannitol >5% (for brain herniation), dantrolene (for malignant
hyperthermia), and methylene blue (for methemoglobinemia or shock states) [5-7].

Vasopressors should generally be infused through a CVC, although these medi-
cations are occasionally provided through peripheral venous access. In one recent
review, 85.3% of local tissue injury events were associated with vasopressor infu-
sion through a PIV distal to the antecubital or popliteal fossae, and 96.8% occurred
after 4 hours of infusion [7]. These results suggest that brief (<4 hours) vasopressor
infusion may be considered through a proximal PIV (i.e., proximal or at the antecu-
bital fossa) when the risk of delaying vasopressor initiation to obtain a CVC is high.
It has been recommended that patients who require extended (duration >4 hr) vaso-
pressor infusion should receive CVC placement to avoid such complications [5].

Providers may wish to administer multiple medications through the same IV
access, utilizing secondary (piggyback) IV tubing. A typical IV tubing setup is
illustrated in Fig. 11.2. The primary set is generally used for fluid infusion, although
secondary lines of IV tubing can be linked into the primary tubing to facilitate
simultaneous infusion of other fluids or medications through the same IV tubing
system [8]. The secondary set used for piggybacking often features a shorter length
of tubing than the primary set, typically without access ports or a backcheck valve.
The bag attached to a secondary set is generally hung higher than the bag attached
to the primary set, to increase the relative effect of gravity on infusion and overcome
any flow obstruction imparted by the connection system. Piggyback bags are often
smaller in volume than the primary bag, which can lead to reduced flow from the
secondary set if both bags are held at the same height. Higher-volume bags will
typically drain faster than lower-volume bags due to the effect of gravity on fluid
flow, although different tubes from these infusion sets may have different inherent
flow rates [9]. When needed, an extension hook may be used to drop the height of
the primary set bag.

Extension adaptors are used to connect two or more tubing lines for piggyback-
ing and other secondary line setup and may be found in a variety of shapes. The
most commonly encountered forms are V-set, T-set, and Y-set connectors (Fig. 11.3).
The Y-set and T-set connectors feature a “common space” where solutions from the
two limbs can mingle before being drawn into the distal IV tubing, although V-sets
lack this feature.

Certain medications may be incompatible with one another and should not be
infused through the same VAD tubing at the same time. Incompatibilities are char-
acterized by physical and/or chemical reactions that occur between two (or more)
drugs when the solutions are combined in the same syringe, tubing, or bottle [10].
Such reactions can lead to reduced efficacy of the drugs, increase drug toxicity, or
contribute to other adverse effects [10]. Many different incompatibilities exist, and
the likelihood of these events should be assessed using a source such as Trissel’s™
IV compatibility database [8]. However, some common examples of incompatible
drug combinations are provided in Table 11.4.
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Fig. 11.2 Generic IV tubing setup, including Y-port
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Fig. 11.3 V-set, T-set, and Y-set three-way connectors

Table 11.4 Common drug incompatibilities encountered in the care of critically ill patients
[8, 10-11]

Drug + drug combinations
Midazolam + Cefepime
Omeprazole
Phenytoin
Hydrocortisone + Midazolam
Vancomycin
Calcium chloride
Vitamin B1
Vancomycin + Cefepime
Omeprazole
Phenytoin + Ranitidine
Noradrenaline
Fentanyl
Sulfamethoxazole-trimethoprim + Vancomycin
Fentanyl
Hydrocortisone
Ranitidine
Lactated Ringer’s + Ciprofloxacin
Cyclosporine
Diazepam
Ketamine
Lorazepam
Nitroglycerin
Phenytoin
Propofol

Provider-Specific Considerations

Providers should reflect on their own training and limitations prior to selecting a
device or technique for use with an initial vascular access attempt. The provider’s
comfort and familiarity with placement techniques and devices are crucial to place-
ment success. Thus, when establishing critical vascular access for an unstable
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patient, providers should generally refrain from selecting a new or unfamiliar tech-
nique. We suggest that providers learn new techniques when the “heat is off,” so that
they can refine their skills when the “heat is on.” Provider-specific contributors to
difficult vascular access are provided in Chap. 10, including distractibility, fatigue,
stress, and lack of adequate experience. These factors will influence the provider’s
choice of vascular access device, and providers should be self-aware enough to
recognize their own limitations and challenges that they bring to the vascular
access effort.

Device Limitations

Traditionally, vascular access providers have been instructed to select the smallest-
possible gauge required for the patient’s care. Small-gauged devices take up less
space in the vein, thus allowing increased blood flow around the device and theoreti-
cally reducing trauma to the vessel and surrounding tissues. This philosophy makes
sense when considering stable patients with predefined indications for vascular
access. However, such conservative strategies may be more challenging to employ
in the earliest stages of patient resuscitation and stabilization, since the patient’s
future vascular access needs with subsequent care may not be apparent to the pro-
vider at the time of initial assessment. Providers must recognize this ambiguity in
the emergent care of unstable patients and attempt to balance the need for selecting
a minimally invasive device with the potential for inadequate access to meet the
patient’s needs.

A step-wise approach to vascular access device placement is therefore often indi-
cated when managing undifferentiated patients with potential (or recognized) clini-
cal instability. The concept of a “bridging device” is important here. In this context,
bridging devices are vascular access devices that are understood a priori by the
provider to be temporary vascular access points by which stabilizing interventions
can be administered while planning or preparing for definitive vascular access
device placement. A definitive device represents the ideal vascular access device
needed (or anticipated) for optimal management of the patient’s condition. If defini-
tive device placement is the goal of the vascular access episode, bridging devices
represent a means by which providers can achieve this goal for patients in whom
definitive device placement is either impossible or unacceptably delayed. For exam-
ple, IO or PIV catheter placement may be necessary to initiate bolus crystalloid
fluid, blood product, or vasopressor infusion in an unstable (e.g., hypotensive)
patient who cannot safely receive immediate and necessary CVC placement. The
understood implication in placing a bridging device is that the initiation of intrave-
nous infusion cannot be safely delayed while seeking definitive device placement.
Although the circumstances surrounding the use of a bridging device may vary, they
are often deployed when the provider has either failed definitive device placement
or has determined that the time needed to achieve definitive access introduces
greater risk than the decision to rely on suboptimal access to initiate therapy. The
perceived need for a bridging device results from a time-sensitive and subjective
assessment by the vascular access provider. In some cases, devices initially placed
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as a bridging device may ultimately serve as definitive access if the bridging device
facilitates adequate clinical improvement so that the anticipated definitive access
device is no longer required. For example, an undifferentiated hypotensive patient
may be suspected of septic shock and receive PIV placement to initiate antibiotics
and bolus fluid infusion while plans are made for CVC placement for continuous
hemodynamic monitoring and vasopressor infusion. However, subsequent assess-
ments may lead the provider to determine that the patient is merely dehydrated,
which could obviate the need for CVC placement. As this example illustrates, deci-
sions regarding specific vascular access needs for undifferentiated patients are
dynamic and must be adjusted accordingly when the provider is faced with new
clinical information.

Guidelines and Policies

Several published guidelines have been provided by proposed authorities on infu-
sion therapy and acute care. Some of the more prominent guidelines are described
below, including relevant guidance relating to emergent vascular access.

Michigan Appropriateness Guide for Intravenous Catheters
(MAGIC) [12]

This reference focuses upon providing guidance on appropriate use of peripherally
inserted central catheters (PICCs), including indications for insertion and duration
of use. However, they have also opined on the use of other devices, especially as it
relates to the duration of therapy and type of infusates to be administered. This mul-
tispecialty international panel concluded that PICC lines are inappropriate for
peripherally compatible solutions when the proposed duration is <5 days. Patients
requiring only peripherally compatible infusates for <5 days should ideally receive
PIV placement in the dorsum of the hand (avoiding the forearm veins) if they are at
risk for the need for dialysis (e.g., stage 3b chronic kidney disease or glomerular
filtration rate <45 mL/min). This is intended to preserve veins for anticipated hemo-
dialysis. The forearm insertion sites are preferred in patients with compatible infu-
sions <5 days in non-renal patients, as placement in this area avoids joints and
points of flexion.

Table 11.5 provides a summary of the MAGIC recommendations for peripher-
ally compatible infusates, according to the duration of infusion.

For infusion of non-peripherally compatible infusates, central venous access is
required. The MAGIC panel concluded that non-tunneled CVC is preferred in criti-
cally ill patient or if hemodynamic monitoring is needed for 6-14 days. Although
PICC lines are considered appropriate for all proposed durations of therapy, tun-
neled catheters are equally appropriate for infusion durations of >15 days. Ports,
tunneled catheter, and PICC lines are equally appropriate when the proposed dura-
tion of non-peripherally compatible infusion is >31 days. Ports should be consid-
ered as a first option unless there is a known complication with the device. However,
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Table 11.5 MAGIC recommendations for peripherally compatible infusates, according to the
duration of infusion [12]

Duration of infusion ~ Preferred device Considerations
<5 days PIV or US-PIV
6-14 days (non- US-PIV US-PI1V is preferred to PIV. Midline catheter is
critically ill) preferred to PICC
6-14 days (critically ~ Non-tunneled CVC If hemodynamic monitoring is needed for
ill) 6-14 days
15-30 days PICC PICC preferred to midline catheter, tunneled
CVC, or port
>30 days Tunneled catheter
or port

the appropriateness of port use for emergent resuscitation is not addressed directly
in these guidelines. It should be noted that tunneled catheters and ports are placed
in the operating room or interventional radiology suite and are not options for emer-
gent vascular access in the emergency department or other acute care environments.
Placement of a PICC line, though recommended for various indications by the
MAGIC guidelines, may also be impractical under emergent conditions. At many
institutions, the placement of PICC lines is restricted to specific vascular access
specialists, who may not be available when access is needed. Thus, guidance from
the MAGIC guidelines and other resources should be balanced with the acute needs
of the patient for immediate therapy.

Among patients with difficult vascular access (DVA), the MAGIC guidelines
suggest that midline catheters and US-PIVs should be preferred to PICCs for dura-
tion of use between 6 and 14 days. However, in patients with stage 3b or greater
chronic kidney disease (CKD), US-PIV is considered by the MAGIC panel to be
inappropriate, due to the need to preserve forearm veins for future dialysis needs.
They recommend placement of a small-bore tunneled central catheter instead for
this population. External jugular (EJ) peripheral venous cannulation is appropriate
for emergent situations when the duration of therapy is expected to be <96 hours.
Placement of PIV lines in the lower extremities is considered inappropriate — except
in rare emergency situations when other veins are unavailable. For the administra-
tion of IV contrast agents, panelists recommended the use of a proximal 16-, 18-, or
20-gauge PIV, rather than a PICC line.

Among critically ill patients, non-tunneled central venous catheters are preferred
over PICC lines when the anticipated duration of use is <14 days. Among cancer
patients who are likely to require irritant or vesicant infusion (e.g., chemotherapy),
PICC lines were deemed appropriate, if the duration of therapy is <3 months.

Infusion Nurses Society (INS) Infusion Therapy Standards
of Practice

This resource [5] offers comprehensive guidance to nurses and others who engage
in vascular access placement and management and is updated every 5 years. The 8th
edition (published in 2021) features 230 pages of material, including standards and
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practice recommendations with associated references. The scope of this resource is
quite broad, although certain specific recommendations can be applied to the topic
of emergent vascular access:

e Short peripheral 1V catheters. In general, the INS standards recommend
against “blind sticks,” favoring vessels that can be directly visualized or pal-
pated. The standards recommend that clinicians be allowed “no more than two
attempts” to establish a PIV catheter, after which time the placement attempt
should be escalated, “to a clinician with a higher skill level and/or consider
alternative routes of medication administration.” They also recommend that
providers use the, “smallest-gauge PIVC that will accommodate the pre-
scribed therapy and patient need,” including a “20- to 24-gauge PIVC for
most infusion therapies.” Larger (>20-gauge) catheters are more likely to
cause phlebitis but are recommended when rapid transfusion is required.
Regarding continuous infusions of medications with irritant or vesicant prop-
erties, they suggest that “for time-critical infusions of lifesaving therapies,
such as vasopressors, [providers may] begin the infusion through a PIVC until
a CVAD can be safely inserted. Insert CVAD as soon as possible and within
24 to 48 hours.” Avoid the cephalic vein whenever possible, to preserve future
dialysis access.

e Long peripheral 1V catheters. The INS standards recommend that long PIV cath-
eters be used instead of short PIV when “all aspects of a short PIV are met, but
the vessel is difficult to palpate or visualize with the naked eye; ultrasound guid-
ance/near infrared technology is recommended. Evaluate depth of vessel when
choosing a long PIVC to ensure two-thirds of catheter lies within vein.”

e Midline catheters. These devices are inserted into a peripheral vein of the upper
arm (e.g., basilic, cephalic, brachial), with the terminal tip located at the level of
the axilla. They differ from a central line in that the catheter tip terminates in a
proximal peripheral vein rather than in a central vein. In neonates, these devices
can be inserted into scalp veins or veins of the lower extremity as well. These
should be used for infusates that are peripherally compatible. Further research is
needed to establish the safety of using midline catheters for intermittent vesicant
infusion. Avoid these devices in patients with history of thrombosis, hypercoagu-
lability, decreased venous flow in the extremities, or end-stage renal disease
requiring vein preservation. For PICC or midline catheters, ensure a catheter-to-
vessel diameter ratio of <45%.

e [Intraosseous (10) access. The INS standards recommend that providers “antici-
pate use of the IO route in the event of adult or pediatric cardiac arrest if IV
access is not available or cannot be obtained quickly” and “consider the 10 route
for emergent and non-emergent use in patients with limited or no vascular
access; when the patient may be at risk of increased morbidity or mortality if
access is not obtained, such as during shock, life-threatening or status epilepti-
cus, extensive burns, major traumatic injuries, transfusion, or severe dehydra-
tion, and/or when care is compromised without rapid vascular access.”

e Central venous catheters. The INS standards recommend the use of ultrasound
with CVC placement, “to increase success rates and decrease insertion-related
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complications.” They report that the 1J site is preferred for patients with pre-
existing respiratory compromise, due to higher risk of pneumothorax with
medial subclavian insertion. They further state that “if significant unilateral
lung disease is present, ipsilateral insertion is recommended for 1J or SC can-
nulation to prevent further respiratory compromise with pneumothorax in
lungs without injury or disease.” Patients who have a cardiovascular implant-
able electronic device (e.g., pacemaker) should have either contralateral CVC
placement or ipsilateral PICC line placement if central venous access is
required. Patients who are actively anticoagulated should not receive SC line
placement. Among patients who have advanced kidney disease and may ulti-
mately require hemodialysis, it is recommended to avoid SC CVC or PICC
lines due to increased risk of thrombosis and central vein stenosis; these
patients should receive 1J, EJ, or femoral CVC placement instead of the SC
site. Patients who present with an existing implanted port should have the port
utilized as the “preferred IV route, in preference to insertion of an addi-
tional VAD.”

Vessel Health and Preservation: The Right Approach
for Vascular Access

This ebook [13] provides a practical approach to vessel health and preservation
(VHP), including strategies for patient-specific vascular access assessment. The
authors describe traditional vascular access methods as “reactive, painful, and inef-
fective, often resulting in the exhaustion of peripheral veins prior to consideration
of other access options.” The emphasis is on development of vascular access clinical
pathways that can help to align VAD selection with the patient’s medical condition,
diagnosis, treatment plan, and vessel health. The “four quadrants of care” for the
VHP model are (1) assessment/selection, (2) insertion, (3) management, and (4)
evaluation.

Among the recommendations and observations provided in this resource are the
following:

e Patients should be able to trust that “the VAD selected has the lowest risk for
insertion location, device size not to exceed 33% of vein diameter, length, and
number of lumen, and is the most appropriate to deliver the treatment.” This 33%
metric is intended to reduce the risk of venous thrombosis.

e Although placement of a PIV in the hand or antecubital fossa “is initially easier
in most respects due to identification of veins visually and through palpation,”
these devices are also “uncomfortable for patients, and often fail in less than
72 hours” [14].

e “Optimal peripheral cannula site selection is one that allows ultrasound-guided
needle access in a vein 2—4 mm in diameter or larger and 0.2—1.5 cm in depth”
[15]. These measurements should be made in the veins’ “native state,” without a
tourniquet.
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Rapid Assessment of the Central Veins (RaCeVA)
and Peripheral Veins (RaPeVA)

These resources from the Italian Group for Venous Access Devices (GAVeCeLT)
are intended to help providers in evaluating the central (RaCeVA) and peripheral
(RaPeVA) veins with ultrasound prior to attempting VAD insertion [16]. A thorough
US assessment of the major veins prior to VAD insertion has been shown to reduce
complications and improve placement success [17].

The RaPeVA rapid peripheral vein assessment protocol includes a systematic
ultrasound evaluation of the peripheral veins, in the following sequence:

* Position 1 — cephalic vein at lateral cubital crease (antecubital fossa)
* Position 2 — median cubital/basilic veins at medial cubital crease

» Position 3 — basilic vein at bicipital humeral groove (upper arm)

* Position 4 — brachial veins (venae comitantes) at upper humerus

» Position 5 — cephalic vein at upper arm

e Position 6 — cephalic vein to intersection with axillary vein

e Position 7 — subclavian/external jugular/internal jugular veins

This assessment starts distally (at the antecubital fossa) and works proximally to
the central veins. Vessels are evaluated for compressibility (lack of venous thrombo-
ses), size, and shape.

The RaCeVA rapid central vein assessment protocol includes a systematic ultra-
sound evaluation of the central veins, in the following sequence:

* Position 1 — mid-neck transverse US view of the 1J vein and carotid artery

e Position 2 — low-neck transverse US view of the IJ vein and carotid artery

e Position 3 — sternal notch transverse US view of brachiocephalic vein

e Position 4 — supraclavicular view of subclavian/external jugular veins

e Position 5 — infraclavicular view of axillary/cephalic veins in long axis

» Position 6 — deltopectoral fossa view of axillary/cephalic veins in long axis
» Position 7 — second intercostal space assessment of lung for pneumothorax

The purpose of this assessment is to systematically assess the peripheral and
central veins for patency, suitability for cannulation, and presence of nearby ana-
tomic structures (e.g., artery, nerve, lung) that should be considered in the cannula-
tion attempt.

Guidelines for the Prevention of Intravascular
Catheter-Related Infections

This reference [18] was published by the US Centers for Disease Control and
Prevention (CDC) in 2011, with the targeted goal of reducing intravascular catheter-
related infections through communication of best practices on catheter placement
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and management [18]. Select recommendations from this resource include the
following:

e “Avoid using the femoral vein for central venous access in adult patients. Use a
subclavian site, rather than a jugular or femoral site, in adult patients to minimize
infection risk for nontunneled CVC placement. Avoid the subclavian site in
hemodialysis patients and patients with advanced kidney disease, to avoid sub-
clavian vein stenosis.”

e “Use a sutureless securement device to reduce the risk of infection for intravas-
cular catheters.”

e “There is no need to replace peripheral catheter more frequently than every
72-96 hours to reduce risk of infection and phlebitis in adults. Replace periph-
eral catheters in children only when clinically indicated.”

e “In adults, use of the radial, brachial, or dorsalis pedis [arterial cannulation] sites
is preferred over the femoral or axillary sites of insertion to reduce the risk of
infection. In children, the brachial site should not be used.”

A Decision-Making Algorithm

Despite the abundance of guidance offered by reputable authorities on the topic, no
adequate evidence-derived algorithm has yet been developed informing proper vas-
cular access device selection for adult patients under emergent conditions. The lack
of such a resource has traditionally impaired providers in seeking appropriate vas-
cular access in the emergency department or similar pre-hospital or early in-hospital
environment. Most existing algorithms relate to the placement of VADs in stable or
ambulatory patients and include options such as PICC line placement, which is
clearly not an option for critically unstable patients. Although VAD selection should
be guided by the patient’s specific clinical circumstances, and include consideration
of national and international guidelines, algorithmic guidance on VAD selection
may have value for specific medical and environmental conditions. Providers should
determine whether their institution has an algorithm for VAD selection that encom-
passes emergent vascular access. If not, providers should consider creating such an
algorithm, based upon existing evidence from the medical literature and incorporat-
ing their own institutional/professional policies and guidelines. Figure 11.4 shows
an example of a VAD placement algorithm that might be considered for adult
patients.

Conclusions

Decision-making is an underappreciated aspect of emergent vascular access, which
deserves dedicated research and discussion in academic fora. Many factors must be
considered in making decisions about the need for vascular access in critically ill
and unstable patients. Device limitations and indications for use should be
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Is Central Venous Access Yes Does Patient Require IV No Consider Alternative
Anticipated? Therapy? Routes (PR,PO,SQ,SL)
Yes i No
Can Therapy Be
Initiated Peripherally? Y
No i Yes | Prepare for PIV |
Attempt AC 18-20g PIV.
Place CVC.
Li?f‘]’i;‘ast'i‘iirs If unable, or failed 2 PIV
. attempts, place ST/PH 10.
Y Y
Place PIV while Cardiac Arrest? Yes If unable, consider PT 10.
preparing for CVC.
i No
Attempt B/L AC 16-18g PIV.
Maior T Yes
ajor frauma, or > If unable, or failed 2 PIV
require rapid large- attempts, place ST/PH 10 and
. volume |nfu§|on of continue PIV attempts.
General Guidance blood / fluids? Consider CVC.
Attempt smallest
acceptable gauge PIV, L No
considering anticipated e
) pt DH/EJ 18-20g PIV.
;Kzt:a?)r;d duration of IV Stage 3b CKD, or Yes N
ant'c";?;f’;,dsi';ied for Avoid US-PIV or forearm PIV.
Avoid extremities with : Avoid SC CVC.
dialysis fistulae.
L No
Anticipate need for v Attempt adequate PIV.
additional VADs due to Significant unilateral es
o S ) >| Avoid Contralateral IJ/SC CVC.
medication incompatibility. q. ?
P v lung disease (e.g, PTX) Prefer IJ over SC CVC.

Consider 10 as bridging
device for select patients.

LNO

Reassess IV therapy needs

2 Yes
Pacemaker present?

and examine insertion
sites frequently.

lNo

Consider use of existing No

vascular access port. Currently anti-coagulated?

Yes

Attempt adequate PIV.
Avoid Ipsilateral 1J/SC CVC.

Attempt adequate PIV.
Prefer distal extremity sites,
working proximally.
Avoid SC CVC.

Fig.11.4 Example of a VAD placement algorithm for adult patients. Notes: AC antecubital, CKD
chronic kidney disease, CVC central venous catheter, DH dorsal hand, EJ external jugular, 1J inter-
nal jugular, 10 intraosseous, PIV peripheral intravenous, PO per oral, PR per rectum, PTX pneu-
mothorax, SC subclavian, SL sublingual, SQ subcutaneous, ST sternal, US-PIV ultrasound-guided

peripheral intravenous

considered, as should potential immediate- and long-term complications from their
use. Providers are inundated with myriad recommendations on how and why spe-
cific devices should be used, but much of this information relates to the manage-
ment of stable, hospitalized patients and should be measured against the need for
reliable and effective immediate vascular access in the setting of a medical emer-
gency. Future research into the best practices for emergent vascular access device

placement is needed.
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Key Concepts

* Providers should establish a “game plan” for emergent vascular access
prior to the acute episode of the access attempt, guided by their under-
standing of the patient’s specific need for vascular access as well as the
resources available to them with the attempt. This might include or be
derived from an institutional algorithm guiding VAD selection.

» Best practices for emergent vascular access techniques should be deter-
mined, in part, by local institutional protocols, with consideration of
evidence-based algorithms provided by reputable authorities.

* Decisions on optimal vascular access should be informed by familiarity
with the recommendations endorsed by national and international guide-
lines on appropriate emergent vascular access.

e Current recommendations on the appropriateness of specific VADs for
emergent patients should be viewed with an understanding of the applica-
bility of these recommendations to the emergent patient. Recommendations
pertaining to stable, hospitalized patients may not be universally applica-
ble to patients requiring emergent vascular access.
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The Future of Emergent Vascular Access 1 2

James H. Paxton, Nicholas J. Corsi,
and Bethanie Ann Szydlowski

Introduction

Establishing emergent vascular access will always challenge healthcare providers.
Although tremendous effort and resources have already been deployed in the devel-
opment of novel vascular access devices (VADs), humans are living longer than
ever before with chronic diseases. It is only logical to assume that longer human life
spans will mean more incidents of venous access over an average lifetime, leading
to cumulative venous injury, ever-increasing the difficulty of subsequent vascular
access attempts. In a recent prospective, observational study assessing stable
patients (i.e., not acutely or critically-ill), one out of of every nine to ten adults in an
urban ED met predefined criteria of “difficult vascular access,” with significant
associated comorbidities including intravenous drug abuse, diabetes mellitus, and
sickle cell anemia [1]. Repetitive vascular trauma from a lifetime of intravenous
cannulation leads to challenges for medical providers in accessing a scarred and
stenotic vascular tree [1]. Within certain patient populations, vascular access is
already very challenging. For example, end-stage renal disease patients may require
a lifetime of vascular access procedures (e.g., catheters, fistulas, grafts, etc.) to
receive uninterrupted life-sustaining hemodialysis. As a result, The Association of
Vascular Access (AVA) released a position statement stressing the importance of
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preservation of upper extremity peripheral veins to provide a vessel conduit for
hemodialysis [2]. Recent epidemics of severe viral illnesses, including severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), have stressed the capacities of
emergency departments and other care areas, further underscoring the need for
rapid and effective vascular access techniques to treat critically ill patients.

Future advances in vascular access will likely be introduced in a variety of ways.
Although there is certainly a role for new types of VADs in addressing society’s
increasingly complex vascular access needs, modifications and improvements to
existing techniques and devices will also help to improve vascular access outcomes.
Research into the best way to deploy existing devices, including focused efforts to
improve first-attempt success rates, reduce complications from line placement and
use (e.g., infection, extravasation, etc.), and “tailor” vascular access strategies to
individual patients will likely guide the evolution of this field. Providers will also
continue to explore under-utilized physiological techniques of leveraging the body’s
absorptive capacity for fluid and medication infusion through rectal, subdermal,
intraosseous, sublingual, intranasal, and other routes.

This chapter aims to describe some of the recent advances in vascular access that
will likely continue to influence the evolution of emergent vascular access tech-
niques into the future.

The Future of Peripheral Intravenous Lines

Peripheral intravenous (PIV) infusion has been documented as far back as the 1600s
and is considered today to be the gold standard method of infusing medications or
fluids [3]. The first peripheral over-needle IV line, introduced by Zimmerman in
1945, was made of flexible polyvinyl chloride (PVC) [4]. Realizing that the firm-
ness of PVC was suboptimal for intravascular applications, providers soon began
utilizing polyurethane (PUR) catheters, which are firm enough to penetrate the vein
but warm and soften at physiologic temperatures, reducing the risks of endothelial
injury and extravasation [3]. Until recently, short (3—6 cm) PIV PUR catheters could
not be left in place for more than 72-96 hours, to reduce risk of infection and phle-
bitis in adults [5]. However, the 2016 Infusion Nurses Society Standards of Practice
no longer recommends maximum dwell times for short PIVs, stating instead that
they should be discontinued “when clinically indicated, based on findings from site
assessment and / or clinical signs and symptoms of systemic complications” [6]. Of
course, this still effectively limits dwell time with conventional short PIV catheters
to 1-7 days. Midlines (i.e., lines placed peripherally but terminating just distal to the
axilla) can be safely left in place for several weeks due to their greater length and
more proximal termination, but this extended dwell time comes at a cost. Midlines
require ultrasound (US) imaging to place, and successful insertion is therefore user-
dependent and subject to the availability of an US machine. The solution to this
dilemma would appear to be creation of a longer polyurethane PIV that could be
inserted like a traditional PIV. However, polyurethane may warm too quickly during
the insertion attempt, making cannulation more difficult when the tip “crumples”
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before the line is even in place [7]. Polyurethane is also prone to stress fatigue with
repeated bending, increasing the risk of catheter fracture with increased catheter
length. Consequently, the need exists for longer PIV catheters that can be inserted
quickly using external landmarks (rather than US imaging) possessing greater flex-
ibility and crack resistance than polyurethane. Polyether-block-amide (PEBA) is a
thermoplastic elastomer that may provide superior performance over PUR and is
already being utilized with a new class of VAD — the “long peripheral catheter.”

The long peripheral catheter (LPC) represents a hybridized form of vascular
access that appears to incorporate the best attributes of midlines and short PIVs,
offering extended dwell times (up to 4 weeks) and less risk of dislodgement than
short PIVs, without the need for extensive soft tissue disruption/dilation or US
guidance.

The “traditional” (direct) Seldinger technique, first described in 1953, involves
cannulating the target vessel with a finder needle, then advancing a guidewire
through the lumen of the needle, removing the needle, and then inserting the cath-
eter over the guidewire before removing the guidewire [8]. Placement of LPCs is
generally performed with an “accelerated” Seldinger (AS) technique, in which the
guidewire is preloaded inside of the finder needle and catheter to facilitate rapid
deployment. Commonly available LPC devices are compared in Table 12.1. The
approach to LPC insertion is distinct from the “catheter over a needle” (CoN) tech-
nique traditionally used for short PIV insertion. Because LPCs insert superficially,
they do not require tissue dilation. One recent trial compared the Powerwand®
(Smiths Medical) LPC to a (so-called extended length) 4.78-cm long 20-gauge PIV
for adult DVA patients in the ED with a target vein depth of 1.2—1.6 cm. This study
found that the LPC was associated with a much longer median survival (4.6 vs.
1.3 days), longer time to insertion (8.66 vs. 5.37 min), and longer in-vein length
(2.39 vs. 2.90-cm) [9]. Two examples of LPC catheters, the Endurance™ (Teleflex)
catheter (Fig. 12.1) and the Powerwand® (Smiths Medical) catheter (Fig. 12.2),
are shown.

Table 12.1 Comparison of selected long peripheral catheter (LPC) devices [10-13]

Device Available Available
(manufacturer) Features lengths (cm) gauges
Endurance™ Integrated extension line, max pressure 6,8 18, 20, 22
catheter (Teleflex) 325 psi, max rate 8 mL/sec (using 11.8 cP
[10] viscosity), angled stabilization wings, nitinol

guidewire
AccuCath™ (Bard) Blood control valve, max pressure 325 psi, 3.2,5.7 18, 20, 22
[11] max rate 6 mL/sec, nitinol guidewire
Leaderflex™ Integrated extension tubing and wings, 4,6,8,20 22
catheter (Vygon) universal catheter for peripheral vein, central
[12] vein and arterial insertion
Powerwand™ Integrated extension line, max pressure 6 3-French
(Smiths Medical) 325 psi, max rate 8 mL/sec, ZERO EDGE™ (~20)

[13] transitions for atraumatic vessel entry



276 J.H. Paxton et al.

Fig.12.1 The
Endurance™ catheter.
(Image courtesy of Teleflex
Inc. © 2020 Teleflex Inc.
All rights reserved.)

Fig. 12.2 The Powerwand® long peripheral catheter. (Images courtesy of Smiths Medical. ©
2020 Smiths Medical. All rights reserved.)

Midline catheters, typically inserted into the basilic, cephalic, or median cubital
veins, are usually between 15 and 25 cm long, with a high rate of first attempt place-
ment for intravenous therapy of up to 6-week duration [14]. These catheters offer a
comparable rate of device-related bloodstream infection to standard peripheral venous
catheters, but a significantly decreased risk relative to PICC and CVC lines [15].
Midline catheters also carry a lower first failed attempt of insertion rate (3.2%) when
compared to CVC lines (14%) [15]. Midlines are placed variably using the direct,
accelerated, or “modified” Seldinger techniques. The modified technique often incor-
porates a peel-away tissue dilator, which dilates the soft tissue during the cannulation
attempt but is removed after placement. A comparison of the LPC placement approach
with other commonly-used venous access techniques is provided in Table 12.2.

Increased use of long peripheral and midline catheters may lead to improvement
in the rates of complications seen with traditional PIVs. However, simply changing
vascular access devices is unlikely to yield all the improvement that we are hoping
for. Currently, PIV placement and use are associated with a wide range of complica-
tions, including thrombophlebitis, extravasation, hematoma formation, and pain
[16]. A recent meta-analysis including 35 studies reported the incidence of phlebitis
to be 30.7 per 100 catheters placed. The incidence of severe phlebitis was found to
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Table 12.2 Features of various types of venous access devices

Long Central
Peripheral peripheral Midline Peripherally venous
intravenous catheter catheter inserted central catheter
(PIV) catheter (LPC) (MLC) catheter (PICC) (CVC)
Material PTEFE, PUR PUR, PEBA PUR, PUR, silicone  PUR,
silicone silicone
Length (cm) 3-6 6-15 15-25 20-60 15-60
Insertion technique CoN CoN, DS DS, MS, AS MS DS, MS
Insertion site At or distal to  Forearm, ACF, UA UA, or AX, 1],
ACF ACF, UA mid-thigh FEM, SC
Catheter tip Distal Distal Axilla SVC/IVC SVC/IVC
location circulation to  circulation to
axilla axilla
Expected dwell <1 week 1-4 weeks 1-6 weeks <1 year Varies
time
Recommended <900 <900 <900 n/a n/a
osmolality
(mOsm/kg H,0)

[6]
Notes: PTFE polytetrafluoroethylene, PUR polyurethane, PEBA polyether-block-amide, CoN
catheter-over-needle, DS direct Seldinger, MS modified Seldinger, AS accelerated Seldinger, AX
axillary vein, 1J internal jugular vein, FEM femoral vein, SC subclavian vein, SVC superior vena
cava, IVC inferior vena cava, ACF antecubital fossa, UA upper arm

be 3.6%. Lack of adequate standard aseptic precautions is believed to double the
risk of thrombophlebitis [17], and the practice of multiple skin punctures with the
same catheter is likely a major contributor [16]. Cultures of the intravascular portion
of removed PIV catheters have found that 5-25% are colonized by skin flora at time
of their removal [18]. Bacterial colonization of PIV catheters continues to represent
a public health threat. Additionally, these concerns are compounded by the increased
prevalence of antibiotic resistance [19]. Consequently, future research will need to
focus on methods to reduce catheter contamination during placement and subse-
quent use. Given that PIVs placed by untrained personal have long been associated
with higher risk of PIV infection [20], one approach to these problems is to develop
an insertion bundle to identify appropriate site selection and appropriate device
selection, which will ultimately increase the ease of catheter insertion and limit
opportunities for user error, driving down infection risk.

Xact Medical’s Fast Intelligent Needle Delivery (FIND™) is a new, non-FDA-
approved, robotic ultrasound transducer that automates ultrasound-guided object
placement in the body (Fig. 12.3). The robotic control has been created to simplify
the task for the user by detecting a dynamic target zone, reducing human placement
error. In simulated vessels, down to 5 mm in diameter, the device was assessed using
a gel ultrasound phantom and demonstrated an accuracy of needle placement in up
to >90% of attempts [21]. This type of automated line placement has the potential
to not only improve accuracy of line placement, but to also reduce complications
due to misplacement or repeated attempts at cannulation.

Four routes are generally recognized for contamination of venous catheters. The
first (and most common for short-term catheters) is migration of skin organisms at
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Fig. 12.3 Xact’s Fast Intelligent Needle Delivery (FIND™) robot. (Images courtesy of Xact
Medical Inc. © 2020 Xact Medical Inc. All rights reserved.)

the insertion site into the cutaneous catheter tract and along the surface of the cath-
eter with colonization of the catheter tip. A second route is direct contamination of
the catheter or catheter hub by contact with the provider’s hands or contaminated
fluids and/or devices. Less commonly, catheters may also become hematogenously
seeded from another focus on infection. Rarely, insufflate contamination may lead
to CRBSI [5]. Shortly after PIV insertion, a fibrin sheath begins to form around the
catheter, which serves as a medium for bacterial growth and blocks circulating
immune cells from eradicating the infection [22]. Catheter manufacturers have
already begun to address these issues, and most of the central venous catheters
being sold in the United States today have some antimicrobial and/or anti-
thrombogenic features [23], including coating or extrusion with different active sub-
stances such as silver ions, antibiotics, and chlorhexidine. Providers appear to be
moving away from silicone catheters due to reports that silicone instigates greater
localized inflammation due to complement activation, and PVC and silicone both
appear to be associated with increased risk of infection when compared to PUR or
Teflon materials [24].

Utilizing an in vitro percutaneous catheter insertion model, ChronoFlex C® with
BioGUARD™ (Access Scientific, LLC) has been shown to significantly inhibit
bacterial attachment and biofilm formation when compared to standard polyure-
thane PIV catheter. This is attributed to the removal of surface additives from the
material, thereby altering hydrophobicity to discourage microbe attachment [25].
AngioDynamics currently offers the BioFlo® midline catheter impregnated with
Endexo® anti-thrombogenic additive, reducing thrombosis risk by resisting platelet
aggregation. [26] The ARROWg+ard® Blue technology (Teleflex) coats the cathe-
ter’s outer surface with chlorhexidine, while the ARROWg+ard® Blue PLUS tech-
nology coats both the outer and inner catheter surfaces [27].The Vantex® catheter
(Medline Inc.) is extruded with Oligon (a silver, carbon and platinum polymer
agent) to reduce risk of bacterial colonization.
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Recent attention has also focused on adjunct medical devices that might reduce
complications of PIV catheters. The Bard Guardlva® Antimicrobial Hemostatic IV
dressing [28] combines chlorhexidine gluconate (CHG), which appears to have
broad-spectrum antimicrobial and antifungal activity, with a hemostatic agent to
prevent surface bleeding. In vivo animal studies show seven times less blood loss
with the device [28]. Additionally, utilization of chlorhexidine-impregnated dress-
ings over CVADs reduces infection risk when the extraluminal route is the primary
source of infection. Other CHG dressings include Biopatch® (Johnson & Johnson)
and Aegis ® (Medline), which is a hydrophilic foam disc impregnated with
chlorhexidine gluconate (CHG) that reduces CLABSI, by inhibiting microorgan-
isms on the dressings surface.

Disinfecting caps, which are placed over needleless connectors when not in use,
may also help reduce infection risk. Researchers evaluated the 3M™ Curos™ dis-
infecting caps’ ability to provide passive disinfection and a physical barrier to con-
tamination for needless connectors. These caps utilize 70% isopropyl alcohol to
reportedly disinfect in less than a minute, providing protection from infection for up
to 7 days if left in place. One study found that using these caps as part of a PIV
maintenance bundle reduced primary blood stream infections from 0.57 to 0.11 per
1000 patient days [29]. The use of passive disinfection caps containing disinfecting
agents (e.g., isopropyl alcohol) has been shown to reduce intraluminal microbial
contamination, decreasing rates of CLABSI. Additionally, use of disinfection caps
on peripheral catheters has limited evidence but should be considered [6].

It is likely that future vascular access research will focus more upon patient-
centered outcomes with PIV insertion and use. Cross-sectional studies across 25
different countries have shown that PIV access can be unduly stressful and anxiety-
provoking in patients, especially in circumstances of IV failure and repeated
attempts [30-32]. These complications are further exacerbated by the fact that 50%
of first attempt insertions fail [33]. In the hospital setting, PIV access attempts are
the leading cause of self-reported pain for children less than 5 years of age [34].
However, there are relatively few studies examining patient-centered outcomes for
VAD placement in the context of emergencies. As we continue to improve upon
existing techniques for PIV placement, it is likely that providers will ultimately
recognize the need for improved understanding of patient perspectives and prefer-
ences regarding VAD placement.

The Future of Central Venous Catheters

More than five million central venous catheters (CVCs) are placed annually in the
United States, with the global market for these devices growing at an annual rate of
4.88% and expected to reach $930 million by 2024 [35, 36]. However, 15% of all
CVC placements are associated with some complication, such as device dysfunc-
tion, infection, and extravasation [37]. Health authorities and patients have become
increasingly intolerant of these complications, and treatment of injuries attributable
to these device complications (e.g., central line-associated bloodstream infections)
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are increasingly not being compensated by governmental payors. As a result, we
will likely see continued improvements in the design of CVC lines, as well as how
they are deployed.

Traditionally, chest radiographs have been the gold standard for confirmation of
line placement and identification of pneumothorax with thoracic CVC (i.e., 1J or
SC) line placement. However, this practice can delay emergent therapy and expose
the patient to potentially unnecessary radiation and may delay identification of these
complications if X-ray is not immediately available. Consequently, an increasing
number of providers have begun exploring the use of ultrasound imaging to confirm
vein entry, catheter tip placement, and the absence of pneumothorax. In one recent
systematic review, the authors concluded that US had a pooled specificity and sen-
sitivity of 98.9% and 68.2%, respectively, in detecting CVC malposition [38]. It
seems likely that this low sensitivity of US may be increased with the development
of improved techniques and greater experience with this technique. In addition, US
offers the ability to detect complications in real time during the procedure and under
sterile conditions, when providers may still have the chance to a remedy the prob-
lem. With the advent of portable US devices and electrocardiogram-synced line
placement techniques, it seems likely that future providers will be able to prevent or
correct complications of CVC placement while obviating the need for X-ray confir-
mation altogether.

Recognizing the superficial position and easy compressibility of the 1J vein, pro-
viders have also recently begun to explore the use of traditionally peripheral vascu-
lar access devices to cannulate this central vein [39]. Ultrasound-guided peripheral
IV catheters require reduced access times when compared to traditional CVC or
PICC lines, without any identified complications [40, 41]. However, to mitigate risk
of spontaneous migration into the lumen, or complications such as a hematoma, the
procedure must be performed by a well-trained vascular access specialist [41].

The central lines of the future will also likely integrate continuous monitoring
capability, and precedents already exist. The Edwards Oximetry Central Venous
Catheter® (Edwards Lifesciences) is the first central venous catheter to feature con-
tinuous central venous oxygen saturation (ScvO2) monitoring, which may allow for
earlier identification of tissue malperfusion and hypoxia in the presence of normal
vital signs [42]. Central venous oxygen saturation is already being used as a prog-
nostic marker for patients with severe sepsis [43], acute heart failure [44], and acute
hemorrhage [45]. Manufacturers are also investigating other “integrated sensors”
which can be added to any catheter. Cikautxo Medical recently described efforts to
develop an external flow-through “glucose sensor” that would be able to provide
continuous monitoring of serum glucose levels when attached to an arterial, periph-
eral venous, or central venous line. This sensor acquires a fresh blood sample every
5-15 minutes before re-flushing the sample back into the patient [46]. Similar sen-
sors could be used to monitor a wide variety of medical conditions.

Patients with thoracic central vein occlusions can provide a significant challenge
to providers, often preventing CVC placement using traditional methods. The
Surfacer® Inside-Out® Access Catheter System (Bluegrass Vascular) allows place-
ment of a right internal jugular dialysis catheter from the “inside-out” (Fig. 12.4).
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Fig. 12.4 The Surfacer®
Inside-Out® Access
Catheter System. (Images
courtesy of Bluegrass
Vascular Inc. © 2020
Bluegrass Vascular Inc. All
rights reserved.)

Using this device, the provider cannulates the right femoral vein and advances the
catheter over a guidewire through the inferior/superior vena cava and into the right
internal jugular vein under fluoroscopy. The catheter then exits the internal jugular
vein and through the skin. This retrograde approach to 1J central line insertion was
developed to avoid left-sided central venous access for purposes of dialysis, since
left-sided venous access is associated with lower blood flow rates, higher rates of
venous stenosis, and increased vascular trauma than right-sided lines due to the
tortuous route through the brachiocephalic vein [47, 48]. Although fluoroscopy is
required with the current technique, this kind of retrograde central line insertion
may show promise in the emergent placement of non-dialysis CVC lines, especially
when femoral access may be available but suboptimal for patient care due to associ-
ated risks and complications of prolonged femoral catheter use [49, 50].

Ultrasound Guidance

First introduced in 1993, ultrasound guidance for central venous catheter placement
has become increasingly popular, with reports of greater first-attempt success rates
[51, 52]. However, there are also certain barriers to the use of ultrasound, including
increased training requirements [53], difficulties obtaining ultrasound machines in
a timely manner, increased time required to place the line, and difficulties in estab-
lishing ultrasound-guided line placement in agitated or uncooperative patients.
One prospective, randomized trial comparing real-time ultrasound-guided IJ
cannulation versus external landmark method showed 100% US placement success
rate, compared to 94.4% in the landmark group. Although the mean skin-to-vein
access time was significantly lower in the landmark group (17.1 sec vs. 44 sec), the
average number of attempts (1.1 SD 0.6 vs. 2.6 SD 2.9) trended toward higher val-
ues with the landmark-based approach [54]. Another prospective randomized trial
found that two-dimensional ultrasound was significantly better than conventional
guidance and reduced the number of failed internal jugular vein site cannulations
from 35% to 0% [55]. Comparative studies show that real-time ultrasound guidance
for CVC placement in “resource-poor” emergency department settings offers fewer
complications and reduces the “flash time” (i.e., interval between skin puncture and
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the appearance of blood at the syringe hub) when compared to the traditional
landmark-based technique [56].

Ultrasound guidance appears to offer a clear advantage over landmark methods
regarding CVC line placement, although the benefits of US-guided PIV place-
ment may be mixed. The use of bedside ultrasound techniques to place PIV lines
presents additional obstacles, since the targets are generally deeper in the soft
tissue than those veins targeted with external landmark methods. In one system-
atic review comparing the use of US guidance with conventional landmark PIV
insertion techniques, the authors concluded that routine US guidance for PIV
placement is not recommended [57]. Another meta-analysis found that ultrasound
guidance has no effect on the number of punctures needed for successful cannula-
tion or the time to successful cannulation [58].

However, as US devices and techniques continue to improve, it is likely that this
technology will play an increasingly important role in PIV insertion for patients
with difficult vascular access, especially those who can tolerate a delay in line
placement. It is important to remember that US-guided VAD insertion is more than
just US identification of the target vein. Ultrasound guidance should also be used to
main continuous visualization of the catheter tip, including “walking” the tip into
the vessel. Many organizations, including the Association for Vascular Access
(AVA), Infusion Nurses Society (INS), and Society for Healthcare Epidemiology of
America (SHEA) already recommend that US guidance should be used for patients
with difficult vascular access (DVA). Providers should ensure that they are ade-
quately proficient and competent with US insertion, not just US identification of the
target vein for insertion. Many organizations support the “No Blind Stick” cam-
paign, which suggests that providers should employ visualization of the target vein
in all cases of venous cannulation, whether through direct visualization or US
imaging.

Portable Ultrasound Devices

Portable ultrasound devices may offer a solution to some of the problems encoun-
tered with the US-guided approach [59]. These devices are gaining traction due to
their ease of use for the operator, portability, and relatively low cost compared to
standard US machines. One recent study compared the median time to achieve 1J
venous puncture for emergency physicians in a simulated model comparing porta-
ble ultrasound device (PUD) to conventional ultrasound. They found no difference
in the time to achieve venous access [60]. These PUDs can be broadly split into
three categories: laptop (weighing 10-14 pounds), hand-carried (weighing 5-8
pounds), and handheld / hand-operated (weigh <1 pound) systems [61]. Some of the
commercially available portable US systems are listed below in Table 12.3. Two
examples of these devices, the Butterfly iQ® Portable Ultrasound System (Fig. 12.5)
and the GE Vscan Extend R2 Portable Ultrasound System®(Fig. 12.6), are
shown below.
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Table 12.3 Commercially-available handheld portable ultrasound devices

Device Weight Functionality Limitations Cost Manufacturer
Vscan Extend R2  0.85 First pocket-sized = $2995 GE
with Dual Probe® 1bs US with two Healthcare
[62] transducers in single
probe
Butterfly Basic®  0.69 19 imaging presets. ~ 5-hour recharge  $1999  Butterfly
[63] 1bs M-Mode, B-Mode,  time for a full Network, Inc.
and Doppler. battery life of 2
Compatible with continuous hours
iPhone 8 and tablet
Sonoscanner 1.51bs 10 sec startup time, — $15,000 Sonoscanner
U-Lite® (5th local archiving (store
Generation) [ 64] up to 1000 images),
direct printing
SonoQue® Linear 0.33 For emergency = $1900  SonoQue
Wireless 1bs situations, clinics,
Ultrasound Probe and outdoors,
for iPhone and waterproof, serves as
iPAD [65] Wi-Fi point

Note: Costs estimated from manufacturer websites [62—65]

Fig. 12.5 The Butterfly
iQ® Portable Ultrasound
System. (Images courtesy
of Butterfly Network Inc. ©
2020 Butterfly Network
Inc. All rights reserved.)
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Fig.12.6 The GE Vscan®
Extend R2 Portable
Ultrasound System.
(Images courtesy of GE
Healthcare Inc. © 2020
GE Healthcare Inc. All
rights reserved.)

These PUDs offer many advantages to providers besides their portability, includ-
ing the potential for more efficient image acquisition and data sharing. As software
applications continue to improve, it is likely that providers may be able to generate
three-dimensional imaging from handheld devices, or leverage machine intelligence
to automatically identify complications or improper insertion techniques using real-
time US monitoring. Although some of these devices are still rather expensive, the
cost of this technology will likely continue to decline.

Line Stabilization and Securement

The use of sutures to secure CVC lines has been shown to be associated with
increased risk of catheter-related infection, although evidence suggests that some
providers still use sutures to guard against inadvertent line migration or dislodge-
ment [66, 67]. This risk of dislodgement is very real, affecting an estimated 5-6%
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of all lines placed [68]. Consequently, alternative methods are needed for the secure-
ment of short-term CVCs that will not increase the risk of catheter-associated infec-
tion. The FDA-approved SorbaView® SHIELD (Centurion Medical Products) is a
one-step catheter securement system that combines enhanced dressing technology
and improves vessel health and preservation [69]. The StatLock® stabilization
device (Bard Medical) is an example of an adhesive-based device that can prevent
dislodgement or migration without the need to penetrate the skin. Another novel
approach is provided with SecurePortIlV® (Adhezion Biomedical), a cyanoacrylate
adhesive that is applied to the device and insertion site, is immediately water resis-
tant, and can help to secure the catheter while sealing the insert site to prevent bacte-
rial migration into the wound [20, 70]. Chlorhexidine-impregnated gel dressings
have also been proposed, although early studies do not suggest any definite improve-
ment in outcomes when compared to transparent polyurethane dressings [71].

The Future of Intraosseous Catheters

Intraosseous (IO) cannulation offers indirect access to the venous system, even
under clinical conditions in which the venous system has collapsed due to hypovo-
lemia or impaired cardiac function. Intraosseous infusion can be used for all age
groups, can be established in less than 1 minute, and has more predictable absorp-
tion than the endotracheal route. Any drug that can be safely infused via PIV cath-
eter can also be infused by the 1O route. Although IO devices can be lifesaving for
the right patient, many opportunities for improvement with their use exist, including
limited dwell times, unpredictable pain control, and a limited understanding of how
10 differs from IV infusion.

In 2010, the FDA approved the EZ-IO® (Teleflex, LLC) intraosseous infusion
device for a dwell time of up to 24 hours. In 2011, the device received 72-hour dwell
time in the European Union [72]. Because of these limited dwell times, it is cur-
rently recommended that IO catheters be removed as soon as alternate venous
access has been achieved. Concerns about longer dwell times appear to revolve
around the risk of infectious complications [73, 74]. However, studies have shown
that osteomyelitis is extremely rare if the catheter is removed within 48 hours of
insertion [75], and dwell times of up to 30 days have been tolerated without identi-
fied complications [76]. Considering this long track record of safety, it is likely that
approved dwell times for IO catheters will continue to increase.

The pain experienced with 1O insertion and infusion is modulated by the somatic
pain receptors of the skin and bony periosteum, as well as visceral pain receptors
within the intraosseous space. [77, 78]. Comparing the pain with IO insertion to that
experienced during a PIV needlestick, providers do not generally anesthetize the
patient’s skin prior to IO insertion [79]. Once the catheter has been placed, slow
(over 2 minutes) administration of 2% preservative-free and epinephrine-free lido-
caine is given via syringe into the IO catheter as an intra-medullary anesthetic [80,
81]. This can be repeated as needed for pain, up to a maximum safe dose. The onset
of anesthesia for lidocaine typically occurs within 2-5 minutes, although the
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duration of effect varies from 30 minutes to 2 hours for plain lidocaine [82, 83]. If
the lidocaine is administered too rapidly, it will be taken up by the circulation and
have little or no effect on local pain fibers. Pain scores have been found to be highest
during the normal saline flush, and most volunteers (80%) require an additional
dose of lidocaine to keep the pain level less than a 5 (1-10 scale) [84]. Prehospital
surveys and UK military studies have found high levels of pain upon infusion even
with high lidocaine dosing [85, 86]. Consequently, systemic pain medications or
sedation may be required for those patients who do not experience adequate analge-
sia with lidocaine alone. Because of this unreliable analgesic response to 10 lido-
caine, new and different strategies must be sought to reduce the pain of 1O insertion
and infusion.

Alternative anesthetics may offer better pain control than lidocaine, but little
research has been done on the subject. Bupivacaine, for example, causes a dose-
dependent blockade of sodium channels and binds more strongly than lidocaine but
is potentially cardiotoxic and can cause CNS effects in excess [87]. Differing doses
of lidocaine may also offer some advantage, as IV lidocaine has already been shown
to be effective in the treatment of acute hyperalgesia [88].

“Buffering” local anesthetics with sodium bicarbonate has been used in periph-
eral nerve blocks to decrease time to drug effect. This practice may also help to
improve IO pain control. Some clinical trials have found a statistically significant
improved time of anesthetic onset in an axillary block with the addition of sodium
bicarbonate to mepivacaine [89], but others have found no statistical difference in
time to motor blockade onset in brachial plexus anesthesia [90]. It has been specu-
lated that “buffering” the 10O lidocaine bolus with 8.4% sodium bicarbonate (1 mEq/
mL) prior to IO infusion may offer similar benefits, but only anecdotal reports have
surfaced on the subject.

Regional nerve blocks could also theoretically be utilized to prevent and reduce
the pain of IO insertion and infusion. Through an ultrasound-guided technique, a
transducer can help identify and anesthetize spinal nerve roots C5 through C7, as
well as the superficial cervical plexus. An interscalene nerve block serves as a pow-
erful analgesic agent for any form of invasive procedure on the distal clavicle and
shoulder. It should also sufficiently anesthetize the proximal humerus, which is a
frequently accessed site for 10 infusion. However, this block is contraindicated in
patients with compromised respiratory function due to a high likelihood of ipsilat-
eral phrenic nerve block and diaphragm hemiparesis [91]. Additionally, interscalene
nerve blocks may not be practical under emergent conditions, as the time from the
start of administration of the anesthetic until initiation of procedure has been shown
to average 28 minutes [92].

Pain with IO infusion appears to be related to increased pressure within the med-
ullary space during pressurized infusion [93, 94]. Consequently, it may be possible
that spaces with larger medullary cavities, or with higher rates of outflow from the
medullary space, may be associated with lower pain scores. Certain studies have
assessed pain levels in relation to the anatomical site of infusion. The greatest



12 The Future of Emergent Vascular Access 287

reported pain was associated with the left tibia (7.9 £ 2.8), whereas the least reported
pain was the humerus (4.6 + 2.9) [84]. Using IO flow rate as a surrogate for increased
medullary space, we can speculate that pain may vary inversely with flow rate
between IO insertion sites at a constant infusion pressure. In other words, pain may
be greatest when outflow is the most limited, leading to higher intramedullary pres-
sures and greater stretch on the pain fibers. Flow rates with bolus infusion appear to
be greatest at the sternum, approximately 1.6 times greater than the proximal
humerus, and 3.1 times greater than the proximal tibia in a human cadaveric model
[95]. Future studies will likely further illuminate this relationship between anatomic
insertion site, infusion rate, infusion pressure, and pain perception.

Another difficulty that providers may face in assessing the risk-benefit ratio for
IO infusion is the lack of contemporary data, regarding both patient-specific com-
plications and equivalency with IV medication/fluid infusion. Case reports have
reported instances of acute tibial osteomyelitis caused by an intraosseous access 3
months after initial resuscitation [96]. Other instances of adverse events in the adult
population include vasopressor extravasation and threatened limb perfusion [97].
Although several reviews and meta-analyses of 10 complications have been per-
formed previously, most include historical data (from as far back as the 1940s),
combine data from a range of different devices, and group adult and pediatric sub-
jects together. Considering the great advances that have occurred regarding infec-
tion prevention, device manufacturing, and the use of disposable (versus reusable)
trocars, it is likely that these historical data do not reflect the actual risks associated
with IO use in the modern era. Furthermore, it also seems likely that the risks of IO
use in a pediatric subject are not the same as those in an adult subject. Adults have
larger bones, potentially different comorbidities, and very likely different intraosse-
ous anatomy and physiology. It is therefore difficult, if not impossible, to under-
stand what the risks of IO use will be for a specific patient (whether adult or
pediatric). Further study will be needed in these areas, to help providers understand
the “actual” risks of IO use, considering modern devices and techniques.

Additional research is also needed to confirm the bioavailability and efficacy of
medications that are currently considered safe and effective for IO infusion. Teleflex
reports that over 105 different infusates have been delivered via the IO route and
referenced in clinical literature (e.g., atropine, phenytoin, vecuronium) [80]. Clinical
and preclinical studies demonstrate that most drugs and fluids via IO reach central
circulation with similar concentrations [80]. For instance, results of prospective,
randomized studies show no significant differences in the pharmacokinetic profiles
between intraosseous and intravenous administration of morphine sulfate [98].
Additionally, a large randomized, placebo-controlled clinical trial compared the dif-
ferences in survival to hospital to hospital discharge in patients that were random-
ized by emergency medical services (EMS) to an antiarrhythmic drug, Amiodarone,
versus placebo, when stratified by intravenous vs. intraosseous route. There was no
significant effect modification by drug administration route for amiodarone or lido-
caine compared to placebo during out-of-hospital cardiac arrest [99].
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Subcutaneous Injection

Needless hypodermic injection (“hypospray”) technology has been in use since the
1950s but remains largely under-utilized in the care of human patient [100-102].
One recent study of a needle-free, jet injection device demonstrated effective sub-
dermal medication delivery in under a millisecond. Researchers could deliver
greater than 90% of a 100-microliter volume to a site 3 mm deep with a highly
controllable handheld device in a rabbit model [103]. Other biomedical researchers
have created micro-jet devices that can penetrate the human epidermis and assess
quantitative delivery of insulin in vitro [104]. These devices eliminate the hazard of
needles and decrease needlestick injury for healthcare providers. The Tropis Needle-
Free Injector® (Pharmalet) is a spring-powered device that has been shown to
deliver an inactivated poliovirus vaccine in one-tenth of a second [105, 106]. This
FDA-cleared technology can be used for injectable fluids up to 0.5 mL in volume.
Consequently, such devices are not able to infuse large volumes of fluid but may be
effective for use in quickly administering highly potent drugs.

Hypodermoclysis (or “dermoclysis”) is the injection of fluids or medications into
the subcutaneous space. Subcutaneous infusion by hypodermoclysis was first intro-
duced in the 1940s but has subsequently been used for the administration of a vari-
ety of drugs and fluids [107, 108]. Unfortunately, the flow rate with this technique
is also quite slow, with recommended subcutaneous fluid infusion rates of no more
than 1 mL/min at each site [109]. Although multiple infusion sites can be used
simultaneously, the total amount of fluid administered should be limited to 3000 mL
over a single 24-hour period [110]. The simplicity of hypodermoclysis (as com-
pared to vascular access device placement) allows this technique to be administered
by non-medical personnel, and it has been studied in the home hospice setting due
to its cost-effectiveness and relative safety [111].

Proctoclysis

While oral hydration is often contraindicated due to concerns for aspiration in criti-
cally ill patients, providers have begun to remember that the colon is able to absorb
a great deal of water. Proctoclysis (rectal infusion) is already being explored for
patients who are unable to receive oral fluid and have difficulties receiving periph-
eral intravenous infusion. The rectum is an underutilized administration point [112].
In patients with hypovolemic shock, rectal fluid resuscitation was studied during the
Korean War and WWI for mass casualty situations, even in animal models [113].
The Macy Catheter® (Hospi Corporation) for rectal infusion has been approved by
the FDA since 2014 and may be the leading device for rectal infusion of fluids or
medications on the market today (Fig. 12.7).

The catheter is inserted past the anal sphincter, and fluids or medication are
administered via slow infusion with gravity tube feeding bag, at infusion rates of
250400 mL/hour [114, 115]. Future studies are needed to determine if faster rates
of infusion may be safely tolerated. The Macy Catheter® allows for repeat drug
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Fig. 12.7 The Macy Catheter® for rectal infusion. (Images courtesy of Hospi Corporation. ©
2020 Hospi Corporation. All rights reserved.)

administration without re-penetration of the rectal vault. In the setting of hospice or
palliative care, rectal catheters can be used up to 28 days with adequate early absorp-
tion [116]. Certain drugs absorption profiles have been shown to surpass the oral
absorption levels, suggesting that certain drugs partially avoid first-pass metabolism
by the liver [117]. Proctoclysis has shown to be very useful in nursing home settings
and in emergency pre-hospital care [118]. Case reports have highlighted the effec-
tiveness of proctoclysis in the absence of intravenous access in rural and remote
settings, such as a patient in a trekking expedition with lifesaving fluid resuscitation
[119]. Studies have utilized tap water for rectal hydration due to its low cost and
ready availability [114], although normal saline or lactated Ringer’s solution may
also be administered via this route [120].
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Other Anatomic Sites for Venous Access

Trauma researchers have investigated the penis as an alternative route for emergent
venous access in males as well as animal models [121]. In acute settings, the penis
venous drainage system has unique advantages, as the vein is always available
regardless of the patient’s volume status and has high capacity of drainage in short
time [122]. There is no need for emergent venous cut-down. The corpora cavernosa
injection has been studied in men with massive burns, sclerotic veins from repeated
injections, and extensive limb trauma for blood transfusion or fluid hydration.
Reported complications included subcutaneous penile hematoma (2 patients, out of
the 15) which resolved spontaneously [123]. While this technique may deserve
future attention, it is not likely to gain much popularity in the acute care world.

Intracardiac injections have been studied as an alternative route of vascular
access. Commonly performed throughout the 1960s, the use of cardiac injection
fell out of favor by the mid-1970s as safer and easier routes of administration
emerged [124]. Challenges present with this approach, including the risk of lacer-
ating the heart or coronary arteries. Intracardiac injection should be considered
only when no other forms of access are available, due to the risk of serious compli-
cations [125].

Another anatomic site for venous access is the use of endotracheal medication in
cardiac emergencies. This method of drug absorption and drug delivery occurs at
the distally level of the tracheobronchial tree, where most efficient absorption
occurs at the alveolar level [126]. Currently, the endotracheal administration of
drugs is only recommended for the administration of naloxone, atropine, vasopres-
sin, lidocaine, and epinephrine in the setting of pediatric advanced life support when
peripheral vascular access is insufficient [127]. The recommended dose is 2.0-2.5
times the I'V dose, although little evidence support this practice. Drugs administered
via endotracheal tube should be diluted in water or 0.9% normal saline solution.

The nasal mucosa is utilized by the Mad-100® (Teleflex, LLC), a nasal drug
delivery device. This device produces a fine mist-like spray that targets mucosal
regions even out in austere conditions in first responders in the field, appropriate for
advanced life support [128]. While the nasal route is not appropriate for large-
volume infusions, it is likely that intranasal formulations of new and familiar drugs
will likely to be explored into the future, considering the rapid uptake of medica-
tions using this route and the ease of infusion.

Other potentially useful anatomic sites for drug administration are through the
sublingual or buccal route. Sublingual drug absorption appears to be faster than buc-
cal delivery due to the thinner epithelial layer in this space, and this route avoids
first-pass metabolism by the liver. Nanoparticulate systems have already been
shown to increase uptake, accumulation, and absorption of drugs via the GI tract,
and these nanoparticulates are currently being explored for the sublingual route.
Nanoparticulates increase permeability of drug across the epithelial membrane
[129] and ultimately lead to a higher bioavailability for systemic absorption [130].
This pharmacological development has a potential to help achieve therapeutic treat-
ment quicker for acutely ill patients.
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Guidelines

The Infusion Nurses Society (INS) released its first evidence-based practice stan-
dards, the “Infusion Nursing Standards of Practice,” in 1980. The sixth revision of
these practice standards, renamed the “Infusion Therapy Standards of Practice,” was
released in 2016 [6]. Over the last 40 years, much has changed in the world of vas-
cular access and infusion, including the introduction of new materials, devices,
approaches, and guidelines for the placement and maintenance of VADs. Some of
the recent trends endorsed by the INS are the creation of designated infusion teams
to place and manage VADs, the use of vessel visualization devices (e.g., US, near-
infrared light devices, and visible light (trans-illumination) devices), and so-called
VAD planning, in which the “appropriate VAD is selected to accommodate the
patient’s vascular access needs based on the prescribed therapy or treatment regi-
men; anticipated duration of therapy; vascular characteristics; and patient’s age,
comorbidities, history of infusion therapy, preference for VAD location, and ability
and resources available to care for the device” [6]. In general, the “Standards”
endorse use of the least-invasive VAD with the fewest number of lumens and the
smallest outer diameter that will suffice for the patient’s specific needs [6]. As the
leading authority in VAD management, the INS has guided the evolution of vascular
access with a goal of improving VAD placement success and reducing the risk of
complications from to their use. It is likely that the guidelines produced by organi-
zations like the INS will continue to shape the future of vascular access for years
to come.

In addition to the INS “Standards,” many other organizations have introduced
guidance for vascular access providers. The American College of Emergency
Physicians (ACEP) [131], Emergency Nurses Association (ENA) [132], and the
Association For Vascular Access (AVA) [133] have issued policies on the manage-
ment of difficult vascular access, suggesting that the use of US-guided and intraos-
seous techniques should be considered when other forms of peripheral venous
access are not available. However, determinations on when to initiate these alternate
techniques are largely left to the provider. The INS “Standards” do offer some guid-
ance on the permitted number of PIV attempts, suggesting that only two attempts
should be made by the same provider, with no more than four total attempts on the
patient before considering alternative methods for venous access [6].

As peripherally inserted central catheter (PICC) lines have gained popularity
over the past several years, there has been a growing need to define the indications
for insertion, maintenance, and care of these lines. The Michigan Appropriateness
Guide for Intravenous Catheters (MAGIC) endorsed by the ImprovePICC group
(www.improvepicc.com) provides guidance for PICC usage through a multispe-
cialty panel, with the goal of increasing patient safety and reducing adverse out-
comes. This panel is multidisciplinary and representative, including specialists from
vascular access nursing, internal medicine, nephrology, and surgery. The panel uti-
lizes a RAND Corporation/University Appropriateness Method to create criteria for
appropriate use of PICCs and VADs. After reviewing relevant guidelines such as the
INS Standards for Practice and the Centers for Disease Control and Prevention/
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Healthcare Infection Control Practices Advisory committee, the study extensively
reviewed 665 scenarios. They concluded that 288 (43%) cases were considered to
include inappropriate PICC utilization for 5 or fewer days. Interestingly, panel
members suggested that the decision to place a PICC is frequently seen as dichoto-
mous, without adequate consideration of other devices [134]. This finding suggests
that additional options for vascular access are needed. This study also illustrates the
changing field of thought surrounding the utilization of ultrasound for difficult
peripheral access. In the absence of other indications of venous access for general
medical or critically-ill patients, panelists rated US-guided peripheral intravenous
catheters as more appropriate than use of a PICC.

Intraosseous (IO) access continues to be recognized as a critical tool in the
emergency medical provider’s toolkit in providing care in advanced life support. In
the 2015 American Heart Association (AHA) Guidelines Update for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care position on
Pediatric Advanced Life Support (PALS) [135], the authors reported that IO pro-
vides a safe, effective, and acceptable route for access in children, referencing a
Class I recommendation level. Furthermore, in 2016, the AHA Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care stated 10
cannulation is appropriate for providing access to the non-collapsible venous
plexus found in the bone marrow space, thus enabling drug delivery like that
achieved by direct peripheral venous access. The PALS cardiac arrest algorithm
now also supports IO vascular access as the initial vascular access in cases of car-
diac arrest [4, 10]. Beyond its utility in the resuscitative setting, initiation of 1O
vascular access is considered appropriate even in non-emergent situations when [V
access cannot be obtained, and the patient would be compromised without the
medications or solutions prescribed [1, 11-14]. The 2018 AHA PALS update
included intraosseous access in the pediatric cardiac arrest algorithm, in the work-
flow for asystole/pulseless electrical activity [136].

Conclusions

As new vascular access devices emerge on the market, there should be shared
responsibility between first responders, emergency medicine providers, and device
manufacturers in evaluating their safety and efficacy. Future research should strive
for consistency and standardization of device utilization in vascular access prac-
tice, considering the most up-to-date, evidence-based practices. This will require
increased collaboration between researchers and the disparate organizations that
generate the clinical guidelines and performance metrics that are used to evaluate
vascular access providers, with a focus upon improving patient outcomes and dis-
seminating best practices. Recognizing that vascular access is a crucial step in
providing safe and effective care for critically ill patients, the medical community
must decide to allocate adequate effort, funding, and other needed resources to
advance vascular access research in a systematic, evidence-driven manner, rather
than relying upon device manufacturers and other private-sector interests to
advance the field.
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Individual providers must continue to reflect upon their selection of device for
each unique patient scenario in obtaining peripheral or central vascular access, and
good decisions in this regard can be facilitated through education. Simulation train-
ing, for example, may help health professionals to identify early complications of
VAD placement and improve outcomes for patients [137, 138]. Input from all mem-
bers of the vascular access care team, including prehospital providers, nurses, tech-
nicians, and physicians, should be utilized in the development of research protocols
and the translation of study results to clinical practice. After all, nurses and techni-
cians are most often responsible for the insertion, use, and care of VADs [139]. It
has been suggested that in order to move the needle forward in collaborative care,
there must be a strong intersection between research evidence and clinical practice
[139]. This will require a multidisciplinary collaboration between vascular access
nurses and physician-scientists, united with a focus on patient care. It has been
shown that dedicated vascular access teams reduce infections in intensive care units
[140]. However, similar studies have not yet been adequately performed in other
clinical care environments. It is likely that intraosseous access will play an increas-
ingly large role in the resuscitation of critically ill patients in the future. Greater
attention should be paid to how intraosseous as well as peripheral venous access is
achieved in the prehospital and emergency department environments, especially for
time-critical conditions such as cardiac arrest [141, 142].

Given the challenges that emergency care providers face daily in obtaining rapid
venous access, there is an imminent need for innovation and creativity in developing
novel ways to achieve and optimize vascular access. Future technological advances
will likely focus on the exploration of new devices, new techniques for line place-
ment, and new (or previously underutilized) physiologic routes for medication and
fluid infusion. Although direct intravenous infusion will likely always be the pre-
ferred route for administration of therapeutic substances, vast potential exists for
new and innovative means of introducing life-saving interventions for critically ill
patients. While the future of emergent vascular access remains unknown, we believe
that the approaches described in this chapter represent at least a portion of the lead-
ing technologies that will likely define the vascular access techniques of the future.

Key Concepts

1. New and innovative methods are needed to improve vascular access effi-
ciency and outcomes for patients.

2. Although polyurethane and silicone materials are still widely utilized, the
use of novel synthetic materials for catheter construction, including mate-
rials impregnated with antibiotic and anti-thrombotic substances, may
help to reduce the risks of infection, phlebitis, thrombosis, and catheter
fracture.

3. The long peripheral catheter represents a promising, hybridized form of
venous access leveraging the strengths of both midline and short PIV cath-
eters. These devices may allow for extended dwell times and reduced risk
of complications.
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4. In the future, providers and device developers will continue to leverage the

body’s untapped absorptive capacity through a multitude of underutilized
routes, including, but not limited to, subdermal, rectal, intraosseous, and
intranasal infusion.
. Assistive technologies, such as handheld portable ultrasound devices
(PUDs), will continue to grow in popularity and accessibility, providing
opportunities for more rapid data acquisition and complication
management.
High-quality evidence evaluating the efficacy of new vascular access
devices and techniques is lacking. Future research in these areas, espe-
cially incorporating patient-centered outcomes, is critically important to
the future of this field.
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Brendan F. Mullan and James H. Paxton

Introduction

The ability to obtain rapid access to the arterial blood supply is an essential skill for
providers who manage critically ill patients presenting to the emergency depart-
ment, intensive care unit, and other in-hospital settings. Although medications are
not generally infused into the arterial system (outside of the interventional adminis-
tration of thrombolytic agents), the effects of medical interventions are frequently
assessed with the analysis of arterial blood gases or other serum laboratory studies
derived from arterial blood. Arterial catheter placement can facilitate continuous
monitoring of blood pressure and cardiac output, as well as the collection of serial
arterial blood specimens without requiring repeated arterial puncture. This allows
providers to accurately monitor hemodynamic changes in response to treatment
with vasoactive drugs and to monitor the condition of critically ill patients deemed
to be at high risk for clinical deterioration. The purpose of this chapter is to intro-
duce the reader to the indications for arterial access, key anatomic considerations,
and commonly utilized techniques for catheter placement. The underlying princi-
ples of emergent arterial access described in this chapter will be of value to most
clinicians who routinely access the arterial system of their patients for therapeutic
or diagnostic purposes.
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Arterial Anatomy

The arterial blood supply is generally outlined in Chap. 2, including the major ana-
tomical structures relevant for a discussion of the arterial system. These structures
are provided here again in Fig. 13.1. Historically, a wide variety of anatomic sites
have been utilized to gain arterial vascular access, including the brachial, ulnar,
radial, axillary, femoral, dorsalis pedis, posterior tibial, and temporal arteries.
However, the two most commonly utilized anatomic sites for arterial vascular access
are the radial artery and the femoral artery. These two arteries are most commonly
accessed by emergency care providers because of their relatively high safety profile,
convenient anatomic landmarks, ease of cannulation, and familiarity to those who
care for critically ill patients. As this chapter is meant to serve as an introduction to

Fig. 13.1 The human
arterial system
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the principles of emergent arterial access, we have limited the discussion to the
major arteries of the wrist (i.e., radial and ulnar arteries) and the femoral artery,
which we feel are adequate to illustrate the major learning points. While this chapter
does not specifically address potential cannulation of other major arteries (e.g., bra-
chial artery), the underlying principles of arterial access described herein will pro-
vide the reader with a basic understanding of the primary considerations for puncture
and cannulation of the arterial blood supply.

Arteries of the Wrist

The radial artery is the largest artery supplying the distal forearm and hand. It origi-
nates as a branch of the brachial artery at the level of the cubital fossa, just medial
to the biceps tendon. The artery then travels distally along the lateral forearm toward
the styloid process of the radius to perfuse the hand through a network of arches
anastomosing with the ulnar artery. Anatomical variation in the radial artery exists
in up to 30% of patients [1]. However, the radial artery insertion site is typically
found just medial and proximal to the radial styloid process and lateral to the flexor
carpi radialis tendon, 1-2 cm proximal to the wrist crease. The cannulation site
should be at least 1 cm proximal to the styloid process of the radius to avoid punc-
ture of the superficial branch of the radial artery and the flexor retinaculum. This site
also minimizes kinking of the catheter following insertion with patient wrist flexion.
Care should be taken to avoid damage to the superficial branch of the radial nerve,
which runs lateral and deep to the radial artery at this site. The relevant anatomy for
the radial artery insertion site is illustrated in Fig. 13.2. The anatomic relationship
between the radial styloid process and the proper insertion site is shown in Fig. 13.3.

The ulnar artery is the “other” main artery of the distal forearm and hand and has
been utilized for arterial puncture and cannulation with great success. However, it is
seldom used in the emergent setting due to concerns about its deeper location within
the forearm and risk of iatrogenic injury to the ulnar nerve. This increased risk of
nerve injury may be attributed to the fact that the ulnar nerve and ulnar artery are
often found at the same depth, unlike the radial nerve (which is usually found deep
to its corresponding artery). However, recent reports have suggested that the ulnar
artery may be a suitable first cannulation site for those patients with a strong ulnar
pulse [2], although it is not recommended when the ulnar pulse is weak. Among
patients with a strong ulnar pulse, complication rates with proper insertion tech-
nique appear to be similar to those for the radial artery insertion site [2].

When considering radial or ulnar artery puncture and cannulation, the clinician
is expected to first assess for collateral circulation between the radial and ulnar
arteries, though the methodology and the necessity of this assessment remain con-
troversial. Generally, this is done using the modified Allen test (Fig. 13.4). The mod-
ified Allen test differs from the traditional Allen test in that the traditional test
evaluates both radial arteries at the same time, followed by assessment of both ulnar
arteries at the same time. The modified Allen test (which has almost universally
replaced the traditional Allen test in clinical practice) evaluates the radial and ulnar
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arteries on one hand followed by assessment of the radial and ulnar arteries on the
other hand. The modified Allen test assesses the relative contributions of the radial
and ulnar arteries to the anastomotic network of arteries (including the superficial
and deep palmar arches) that supply blood flow to the hand. The modified Allen test
is performed by first having the patient flex their arm at the elbow and “make a fist.”
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Fig. 13.4 Allen’s test for collateral circulation of the hand

At the level of the wrist, and proximal to the expected cannulation site, the examiner
then simultaneously occludes both the radial and ulnar arteries with direct pres-
sure. The patient is then asked to “relax the fist,” after which time the hand should
appear pale due to reduced perfusion while both arteries are occluded. Next, the
examiner will release pressure only on the ulnar artery (while still compressing the
radial artery) to assess the return of blood flow to the entire hand through the ulnar
artery. If capillary perfusion does not return to normal within 10 seconds, the exam-
iner should suspect compromised flow of blood through the ulnar artery and its
associated vascular beds. Compromised ulnar arterial flow suggests that the radial
artery is required to maintain adequate perfusion of the hand due to an incomplete
palmar arch network. In this setting, radial artery cannulation is not recommended,
since it could lead to ischemia of the hand if the radial artery is occluded, throm-
bosed, or transected during the cannulation attempt. Multiple studies have shown
that a physiologically incomplete superficial palmar arch is present in 10-12% of
patients [3-5].

In those cases when the ulnar artery is selected for insertion, the procedure is
modified and reversed to feature continued compression of the ulnar artery with
release of the radial artery. Although the modified Allen’s test is widely recom-
mended to assess “collateral circulation” of the hand, it has been shown to be of
poor diagnostic accuracy and does not objectively predict the risk of ischemic com-
plications from radial or ulnar artery cannulation attempts [6]. Other techniques can
be incorporated in conjunction with the Allen’s test to add objectivity to the
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interpretation of collateral circulation including pulse oximetry, plethysmography,
and Doppler ultrasound [7].

Since the radial artery is often the dominant artery of the hand, a patient’s radial
pulse is usually stronger than the ulnar pulse in the same arm [2]. Success rates for
arterial cannulation at these sites may be best predicted by the strength of the pulse
appreciated by the clinical provider [2]. Thus, preference for selection of either the
radial or ulnar artery as the first attempted site should be determined by the strength
of the appreciated pulse rather than a priori concerns about nerve injury. Although
failed radial artery cannulation has traditionally been considered a contraindication
for ulnar artery attempts on the same extremity, this is not an absolute contraindica-
tion. One large retrospective review failed to show any serious complications from
ipsilateral ulnar artery cannulation after failed radial artery cannulation when appro-
priate assessment has been performed [8-10].

Femoral Artery

The femoral artery (at the recommended insertion site, more properly termed the
common femoral artery (CFA)) is the largest artery commonly cannulated in clini-
cal practice and may therefore be the easiest to access for patients experiencing
hypotension or shock. In fact, the CFA is the largest artery in the lower extremity,
originating from the external iliac artery and entering the thigh within the femoral
sheath deep to the inguinal ligament, midway between the anterior superior iliac
spine (ASIS) and the pubic symphysis. The external iliac artery changes its name to
the CFA after it passes posterior to the inguinal ligament, and the CFA should ide-
ally be cannulated approximately 3 cm (two finger widths) distal to the ligament.
Cannulation attempts superior to this site are associated with increased risk of ret-
roperitoneal hemorrhage, while more distal cannulation is associated with increased
risk of pseudoaneurysm, arteriovenous fistula (AVF), hematoma, and limb ischemia.

Within the femoral sheath, the femoral artery lies lateral to the femoral vein and
medial to the femoral nerve. The femoral artery travels inferiorly down the thigh for
4-5 cm before bifurcating into the superficial femoral artery (SFA) and deep femo-
ral artery (DFA), although there have been some documented cases of this division
occurring as close as 2.5 cm distal to the inguinal ligament.

The insertion site for the femoral artery is located within the so-called femoral
triangle, which is defined by its three borders: the inguinal ligament, the sartorius
muscle, and the adductor longus muscle. The femoral triangle also contains the
femoral nerve, femoral vein, and lymphatic vessels. The relative position of these
structures (from most lateral to medial) is predicted by the acronym: NAVEL (nerve,
artery, vein, empty space, lymphatics). Thus, if one of these structures is identified,
the provider can predict the likely location of the other structures using this mne-
monic. Keep in mind that these structures are mirrored on the contralateral side. In
other words, the femoral artery is generally lateral to the femoral vein at the level of
the inguinal ligament, regardless of which body side is examined. The relevant anat-
omy at the femoral artery insertion site is illustrated in (Fig. 13.5).
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Fig. 13.5 Relevant anatomy of the femoral artery insertion site

One recent study found that, on average, the femoral artery lies 17.1 mm (SD
6.4) below the skin surface at the insertion site, which is more superficial than the
femoral vein (22.0 mm, SD 6.7) at this level [11]. In the same study, the femoral
artery and vein were approximately 2.6 mm (SD 2.0) apart [11]. The mean diameter
of the femoral artery in adults appears to be between 8 and 9 mm, only slightly
smaller than the femoral vein (about 9.5 mm) [11]. It should be noted that the femo-
ral artery’s depth below the skin is highly dependent upon the patient’s body mass
index (BMI) and adipose distribution pattern, while the artery’s diameter appears to
be correlated with patient height [11]. The strength of femoral pulse felt by the clini-
cian is a product of multiple factors, including BMI, the patient’s systolic blood
pressure, previous surgery, arteriosclerosis and other comorbidities, and distance
from the inguinal ligament [11].

As the femoral artery travels more distally from the inguinal ligament within the
femoral triangle, it becomes more superficial and smaller in diameter, although the
changes are only a few millimeters in scale and almost imperceptible [12]. While
the femoral vessels only overlap (i.e., artery immediately superficial to the vein)
partially in about 30% of patients at the level of the inguinal ligament, the femoral
artery will ultimately completely overlap the femoral vein as it travels distal to the
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inguinal ligament, with nearly 100% of patients having some degree of overlap (and
50% with complete overlap) at 4 cm distal to the inguinal ligament. Thus, as one
travels distally from the ligament, the likelihood of the femoral vein lying under-
neath the femoral artery is greatly increased [12]. By contrast, the femoral vein
rarely overlaps the femoral artery [12]. These facts underscore the importance of
selecting the proper site of insertion for femoral artery cannulation, as the tradition-
ally defined “safe” distance for femoral artery cannulation (i.e., in a range from 2 to
4 cm below the inguinal ligament) may still realize a high likelihood of iatrogenic
venous injury with imprecise arterial cannulation attempts. Many older textbooks
still cite this vascular overlap to occur up to 10 cm from the inguinal ligament, and
this historical inaccuracy may provide a false sense of security to the clinician when
selecting an insertion site near or distal to the 4-cm mark from the inguinal liga-
ment [13].

The precise location of the inguinal ligament can be difficult to identify on exter-
nal landmarking, especially in obese patients. Among the commonly available
external landmarks palpable to the clinician, the femoral head may be the best
marker for the location of the inguinal ligament, as the bifurcation of the CFA into
the SFA and the profunda femoris artery (PFA) occurs below the femoral head in
77% of subjects [14].

The ideal site of CFA puncture is therefore near to the midpoint of the femoral
head [14]. Cannulation of the CFA above the inguinal ligament, or too far distal to
this site, is associated with significant complications [14]. Caudal artery punctures
below the bifurcation occur outside the structural stability of the femoral sheath and
lack underlying bony support, which can increase the risk of bleeding, hematoma,
and pseudoaneurysm formation [15, 16]. Moreover, smaller arterial diameter below
the bifurcation increases the risk of cannulation-related injury [16], including AVF
formation as branches of the femoral vein can cross over the SFA. Cannulation
above the inguinal ligament introduces the risk of retroperitoneal hemorrhage, due
to the inability to provide effective direct compression of the insertion site [17].
Similarly, accessing the femoral artery just below the inguinal ligament could be
problematic as the taught nature of the inguinal ligament can prevent effective com-
pression of the artery. Thus, the optimal location for CFA cannulation is 2-3 cm
distal to the inguinal ligament, where the artery can be easily palpated and com-
pressed as needed [14].

“Rupp’s rule” defines the ideal site for CFA cannulation to be 1 cm lateral to the
most medial aspect of the femoral head, midway between its superior and inferior
borders [18]. Providers may have difficulty identifying the femoral head, as it is a
deep bony structure. However, the midpoint of the femoral head and other relevant
anatomic landmarks can be roughly estimated by external palpation. Firm pressure
on the anterior aspect of the pelvis laterally will identify the ASIS, while pressure
on the lateral aspect of the hip will identify the greater tubercle of the femur. The
most superior aspect of the greater tubercle of the femur likely corresponds to the
midpoint of the femoral head, as illustrated in Fig. 13.6.
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Fig. 13.6 Anatomic location of the femoral head

Another commonly used method of identifying the proper location for femoral
artery/vein cannulation is the so-called V Technique, which utilizes the clinician’s
hand to predict the location of the femoral vessels. With this method, the clinician
places their contralateral hand on the patient (e.g., provider’s left hand on the right
side of the patient), with the clinician’s index finger on the ASIS and the clinician’s
thumb on the pubic symphysis. The femoral vein (and artery) should be located at
the apex of the “V” formed by the first web space of the provider’s hand, as illus-
trated in Fig. 13.7.

Although the “V Technique” may not always predict the precise location of the
femoral vessels, it can be used to estimate the general location of the femoral artery
prior to cannulation under emergent conditions characterized by hypotension, when
a pulse may not be felt.

When considering CFA cannulation, a comprehensive history should be acquired
focusing upon the presence of conditions that may complicate femoral artery access,
including peripheral vascular disease, diminished femoral pulse, history of iliofem-
oral bypass graft, prior femoral arterial access with closure devise, complications
from prior femoral arterial cannulation, active groin infection, prior groin surgery,
known aneurysms of the iliofemoral or aortoiliac system, the inability to lie flat for
prolonged periods of time, or morbid obesity [14]. While these conditions are not
absolute contraindications to femoral artery cannulation, their presence should sug-
gest consideration of the radial or other peripheral arteries for cannulation rather
than the femoral artery.
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Fig. 13.7 The “V Technique” for identification of the femoral vessels, utilizing the provider’s
hand to estimate the location of the femoral vessels

Insertion Site Selection

As mentioned above, the most common sites utilized for arterial puncture or cannula-
tion are the radial artery and the common femoral artery. As discussed above, the
ulnar artery may also be a good choice, especially if the patient has a stronger pulse
at the ulnar artery than at the radial artery. The carotid artery is not recommended for
arterial cannulation due to perceived increased risk of embolic or thrombotic compli-
cations affecting cerebral blood flow. Other options for arterial cannulation include
the subclavian artery, the brachial (antecubital) and axillary arteries of the upper
extremity, and the posterior tibial and dorsalis pedis arteries of the foot.

While providers may be tempted to cannulate deep arteries utilizing ultrasound
techniques, it is generally recommended that superficial arteries be sought first as
they may be at less risk of complications, including iatrogenic injury to adjacent
structures (e.g., nerves, veins), line kinking, catheter dislodgement, or procedural
failure. However, the selection of an appropriate site for arterial puncture and can-
nulation should be informed and guided by a host of factors, including anatomical
considerations, feasibility, and clinician experience.

The radial artery is the most commonly selected site for arterial puncture or can-
nulation, due to the associated low rate of serious complications and ease of
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placement [19]. It is a superficial artery and is easily palpable and identifiable in non-
hypotensive patients [20]. However, providers must remember that peripheral (e.g.,
radial, ulnar; posterior tibial; etc.) arterial pressure monitoring may not provide an
accurate estimate of corresponding central arterial pressures [19]. This appears to be
especially true for patients receiving high doses of inotropic or vasopressor support
[21-23]. When properly placed, femoral artery catheters offer the additional advan-
tages of decreased line placement failure and increased catheter longevity, as com-
pared to radial arterial lines [24, 25]. It has been suggested that up to one line failure
could be prevented for every four times that a femoral line is selected over a radial
cannulation [25].

Given the available evidence, we suggest that the radial artery be selected for
first attempt in patients with normal or elevated blood pressure who are unlikely to
become hypotensive or require vasopressor support. This might include patients
with respiratory failure but otherwise stable vital signs who require arterial line
placement primarily for frequent arterial blood sampling.

However, patients who have been resuscitated from cardiac arrest (and are there-
fore susceptible to hypotension, subsequent cardiac arrest, and additional ACLS
intervention), or who are anticipated to require aggressive correction of hypotension
(e.g., sepsis, cardiogenic shock; etc.) including vasopressors or inotropes, may
achieve more accurate blood pressure monitoring with a femoral arterial line. While
each patient’s unique presentation (and available anatomy) should always dictate
appropriate site selection, it is important to consider the patient’s future hospital
course and anticipate the patient’s needs later in the hospitalization when selecting
the proper arterial catheter insertion site.

Along with selection of a site for the initial insertion attempt, the provider should
also develop a “game plan” for subsequent arterial line insertion sites if their initial
attempt fails. Knowing what to do if one’s initial attempts fail before starting the
initial attempt will streamline the process of ultimately obtaining arterial access.
This anticipation of future needs will allow assistants or colleagues to gather the
necessary supplies (e.g., catheter kits, ultrasound machine, sterile supplies, etc.) for
another attempt in the same area, or to even begin prepping a new site while the
failed attempt is being managed (e.g., pressure held to attempt site; etc).

Some patients may require interventional endovascular procedures for treat-
ment of neurological or cardiac conditions, and the femoral or radial arteries may
both be used as access points for such procedures. When feasible, providers
should become familiar with the preferred access sites for interventionalists at
their institution for such procedures. Since arterial lines are generally placed in
the emergency department or an inpatient setting, it may be possible to solicit
from the interventionalists at the provider’s institution whether they typically
have a preference to preserve either the left or right side artery for use with inter-
ventional procedures. Interventionalist preferences for the femoral or radial artery
may also exist. If such a preference exists, it may be preferable to use the contra-
lateral arteries for puncture and cannulation of an arterial catheter. This will allow
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uninterrupted arterial monitoring in the event that the patient is found to require
an endovascular procedure.

Indications for Arterial Cannulation

In general, arterial line placement has value for patients who require continuous
blood pressure monitoring (e.g., hypotension or hypertension requiring aggressive
titration of vasoactive medications) or who require repeated, frequent arterial
blood sampling due to respiratory failure with ongoing concerns about arterial
blood oxygenation. However, the ultimate decision to place an arterial line is com-
plex and depends upon a variety of factors, including (perhaps most importantly)
the predicted course of the patient in the hours and days that follow the immediate
need for arterial cannulation. Ideally, arterial catheters should only be placed when
strictly needed for blood pressure or arterial blood sampling. Conditions that may
benefit from arterial line placement include (but are not limited to) hypertensive
emergency, stroke, shock, shock requiring the titration of vasoactive medications,
and patients undergoing complex surgical procedures [26]. Arterial catheterization
can be especially beneficial in cases where careful blood pressure monitoring is
essential but sphygmomanometric (e.g., blood pressure cuff) monitoring is
expected to be inaccurate, such as critically ill patients who are morbidly obese,
thin, or extremely burned [27, 28].

Contraindications

Arterial vascular access is generally considered a safe procedure. However, rel-
ative contraindications should be considered when assessing potential anatomic
insertion sites. First and foremost, arterial catheterization is not recommended
if there is an absent pulse at the proposed cannulation site (suggesting limb
ischemia) or if the patient has thromboangiitis obliterans (Buerger disease),
Raynaud syndrome, or other evidence of inadequate circulation or insufficient
collateral perfusion of the targeted extremity [28]. Other site-specific contrain-
dications include adjacent infection (e.g., abscess, cellulitis), burns overlying
the proposed cannulation site, evidence of previous surgery in the area (suggest-
ing scar formation and/or distorted anatomy), or the presence of synthetic arte-
rial or vascular grafts. When feasible, arterial cannulation should be performed
at the site with the strongest palpable pulse and avoided at sites with a relatively
weaker pulse. The presence of a weaker pulse at a single extremity suggests that
arterial flow may be compromised or that the artery is situated deeper at this site
than on the contralateral side. Special care should also be taken with patients
receiving anticoagulation or thrombolytic therapy or who present with coagu-
lopathy. These patients will be at higher risk of hemorrhage and hematoma with
unsuccessful attempts and may benefit from ultrasound-guided line placement,
when possible.
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Table 13.1 Incidence rates of complications related to radial and femoral artery cannulation
[24, 33-42]

Site Radial Femoral
Complication Incidence range (%) Incidence range (%)
Permanent ischemic damage 0-2 [33, 34] 0-0.31 [35, 36]
Local site infection 0-4.8 [37, 38] 0-1.8 [35, 39]
Compartment syndrome Rare Rare

Nerve injury Rare Not documented
Sepsis 0-1.5 [24, 38] 0-1.8 [24, 35]
Bleeding from insertion site 0.51-0.56 [24, 39] 0-3.5 [24, 39]
Transient occlusion of vessel 1.5-35 [24, 40] 0-4.7 [24, 41]
Hematoma 3.8-31[33, 41] 3.1-11.8 [41, 42]
Complications

The risks of serious delayed complications from indwelling arterial catheters
increases with increasing duration of the catheter, though these risks are rare when
catheters are removed within 12 hours [29]. Serious complications, though uncom-
mon, include permanent ischemic damage to the distal extremity, local site infec-
tion, compartment syndrome, nerve injury, and sepsis [19, 30, 31]. These
complications are relatively rare when proper aseptic technique is practiced during
the procedure. More commonly, minor immediate complications include pain,
bleeding from the insertion site, transient occlusion of the vessel, and hematoma
[19, 32]. Proper training, preparation, and awareness of these common complica-
tions can mitigate and correct the problem before they cause serious injury. The
rates of previously reported complications associated with radial and femoral arte-
rial line placement are provided in Table 13.1.

Procedural Approaches

The technique should be decided prior to starting the procedure. The technique will
depend on the kit provided as some kits have guidewires separate from needle and
catheter, while other kits feature a single apparatus incorporating the guidewire, nee-
dle, and catheter. In this section, we describe three frequently used techniques for
obtaining radial or femoral artery vascular access: the Seldinger technique (i.e., cath-
eter-over-wire), modified Seldinger technique, and catheter-over-needle technique.

The Seldinger (i.e., catheter-over-wire) and modified Seldinger techniques both
involve the use of a needle to gain initial entry into the artery, a guidewire that is
inserted through the needle into the artery, and a catheter which is introduced over
the wire into the artery [43]. These techniques are generally preferred for deeper
arteries (i.e., femoral artery) but can be used for superficial arteries (i.e., radial
artery). It should be noted that these techniques are discouraged for radial artery
cannulation in neonatal and infant patients as their small arteries make proper
guidewire insertion difficult.
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The catheter-over-needle technique is recommended for superficial arteries,
including the radial artery. This technique may be most familiar to providers, as it is
similar to peripheral intravenous catheter placement. With this method, an intro-
ducer needle with an integrated catheter is introduced into the lumen of the artery,
the catheter is advanced over the needle, and the needle is removed. If cannulation
using the catheter-over-needle technique is ineffective, the procedure may be sal-
vaged with the use of a guidewire [44].

General Procedural Preparation

Although each of these three techniques entails specific differences, the process of
preparing for arterial line placement is generally the same for all insertions. The
steps involved in a generic arterial line placement include:

. Provider preparation

. Selection of insertion site

. Insertion site positioning

. Sterilization of insertion site

. Local anesthetic infiltration

. Arterial puncture with needle

. Catheter insertion and dressing

. Catheter securement and tubing attachment

0N LN kW~

1. Provider Preparation

Informed consent should be obtained from the patient, including a thorough dis-
cussion of the risks (e.g., complications) and benefits (e.g., indications) of the pro-
cedure. Written consent from the patient or their legally authorized representative
should be documented when possible, although emergent implied consent may be
required if informed consent cannot be obtained. A proper “time-out” should be
held prior to starting the procedure, to confirm the site and laterality of the proce-
dure. This will also allow members of the care team an opportunity to voice any
concerns about the site selected for arterial cannulation.

Once consent has been obtained and documented, the provider should gather
all equipment needed to complete the procedure, ensure that an ultrasound
machine is available (when appropriate), and make preparations for an arterial
pressure transducer line setup (including all necessary tubing and priming of the
system). If nursing staff are preparing the arterial line setup, they will need time
to prepare it. Providers should wash their hands, don the appropriate personal
protective equipment (e.g., sterile gown, cap, mask, sterile gloves), and enlist any
additional assistants needed to complete the procedure. It is always advisable to
have a non-sterile assistant at the bedside throughout the procedure, to avoid inter-
ruptions in the procedure when additional supplies, equipment, or help from
ancillary staff are needed.
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Fig. 13.8 Supplies required for arterial catheterization. (The image above is a placeholder)

The supplies needed to insert an arterial catheter are illustrated in Fig. 13.8 and
include:

» Sterile gloves and fenestrated drapes

* Skin preparation solution (e.g., povidone-iodine or chlorhexidine)

e 18-, 20-, or 22-gauge introducer needle

* Arterial catheter of appropriate gauge and length

* Guidewire (if using Seldinger or modified Seldinger techniques)

* 5-ml vial of 1% lidocaine without epinephrine

* 3-ml syringe with 25- or 27-gauge needle for subcutaneous administration of
lidocaine

e #11 scalpel blade

e 3-0 or 4-0 nylon or other nonabsorbable suture

* Needle driver

» Sterile gauze (2 x 2 and 4 x 4 inches)

» Sterile towels

* Adhesive tape

e Tegaderm® or other sterile dressing

* Biopatch® protective disc

* Three-way stopcock

e Sterile 10-mL saline syringes

* Pressure transducer kit with all IV lines, transducer cables, and monitor setup

* Pressure tubing

» Size-appropriate arm board (if accessing radial artery)
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e T-connector
e Ultrasound probe 5-13 MHz linear array
¢ Sterile ultrasound probe kit with sterile lubrication

2. Selection of Insertion Site

As stated above, the most common anatomical sites for arterial access are the
radial and femoral arteries. The radial artery is commonly selected due to its low
rate of serious complications, ease of placement, superficial location, and identifi-
ability through direct palpation. The femoral artery may be preferred for patients
with hemodynamic instability or when central blood pressure monitoring is likely
to be of higher clinical value (e.g., cardiac arrest, sepsis, cardiogenic shock).

3. Insertion Site Positioning
Patient and provider positioning are of paramount importance to the success of

the procedure. Ensure that the patient’s stretcher is at a height that is comfortable to
the provider and that adequate lighting has been provided for the procedure. When

Radial
artery

Fig. 13.9 Wrist position and angle of needle insertion with radial artery cannulation
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placing a radial catheter, it is important to abduct the arm away from the patient and
secure the arm to prevent inadvertent movement during the procedure. To maximize
exposure during a radial artery attempt, place the patient’s body and nondominant
hand both in a supine position and extend the wrist 45° from neutral position, sup-
ported by a rolled sterile towel roll placed under the wrist, as depicted in Figure 13.9
[45]. It may be necessary to secure the patient’s arm and hand with tape to an arm
board and/or Mayo stand to minimize movement of the wrist during the procedure.
Arm boards may be kept in place after placement has been completed for select
(e.g., pediatric, noncompliant) patients who are prone to excessive wrist flexion,
which can cause kinkage and occlusion of the catheter after placement. Locate the
optimal arterial insertion site through direct palpation of the arterial pulse or through
ultrasound guidance prior to preparing the sterile field, as the sterile field should be
centered on the insertion site.

For femoral artery cannulation, the patient should also be in a supine position
with the ipsilateral hip externally rotated. The femoral artery should be identified
through direct palpation or ultrasound guidance before establishing a sterile field,
and the insertion site should be disinfected and draped as described above for the
radial artery.

The provider should be positioned on the same side of the stretcher as the tar-
geted artery, to avoid strain associated with reaching over the patient to access the
insertion site. When ultrasound is used, the ultrasound machine should be posi-
tioned on the contralateral side of the patient, so that the target vessel and the moni-
tor are within the same direct line of sight from the provider. Be sure to adjust
ambient lighting and place your Mayo stand with needed supplies close to the work
space to avoid excessive stretching or reaching for items during the procedure. The
provider should plan to use their dominant hand to insert the catheter, so adjust-
ments may need to be made to this arrangement to facilitate provider comfort during
the procedure. In general, the key here is to maximize the ergonomic arrangement
of needed devices and supplies to avoid excessive interruption or awkward straining
by the provider during line placement.

4. Sterilization of Insertion Site

Once the insertion site has been selected and the limb positioned, a sterile field
must be created for the procedure. The sterile field should be centered on the tar-
geted insertion site, but the fenestration in the sterile drape should also frame an
area larger than the initially targeted insertion site, to allow for more proximal punc-
ture if the initial puncture attempt is not successful. The provider should cleanse the
skin thoroughly with chlorhexidine gluconate or povidone-iodine solution and
frame the area of insertion with sterile drapes. Proper sterile technique should be
used to reduce the risk of line-associated bloodstream infections [19]. It is advisable
to thoroughly clean the target area prior to skin sterilization, to remove any visible
soiling or debris. Once the area has been cleaned and sterilized, great care should be
taken to avoid re-contaminating the area by touching or through contact with non-
sterile items. When an ultrasound probe is to be used, the provider must include the
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entire probe and connecting transducer lead/cable that may come into contact with
the sterile field in a sterile cover. Anything that touches the sterile field (i.e., inser-
tion site and drape) should be sterile.

5. Local Anesthetic Infiltration

To alleviate the pain associated with arterial line placement, providers should
infiltrate 1-2 ml of 1% lidocaine in the skin directly overlying the insertion site to
create a small (5-mm) wheal. It is important that the wheal not be too large, as it
may distort the relevant anatomy and reduce the strength of the pulse that is appreci-
ated. Gentle rubbing of the wheal prior to skin puncture may help mitigate this effect.

6. Arterial Puncture with Needle

Arterial walls contain a layer of vascular smooth muscle that contracts with injury.
The resultant vasospasm following arterial injury may cause vasoconstriction and
reduce the cross-sectional diameter of the target vessel. This reduces the strength of
the pulse at that site and makes subsequent cannulation attempts increasingly diffi-
cult. Thus, the first attempt at arterial puncture and cannulation is a provider’s best
shot at achieving procedural success, and this effect is especially injurious when
attempting cannulation of the radial artery, which may already be a very small cross-
sectional target. The tailor’s adage of “measure three times, cut once” is relevant
here. If the first attempt is not successful, the provider should reassess the pulse. If
the strength of the pulse has not diminished, and no hematoma or other complication
is noted, additional attempts may be warranted at the same site. However, if vaso-
spasm is suspected at the initial targeted site, the provider should assess adjacent
more proximal portions of the same artery to determine if cannulation may be feasi-
ble and safe. Portions of the artery that are distal to the site of vasospasm are likely
to have a similarly reduced pulse, making cannulation more difficult.

When inserting the needle, providers should confirm that the bevel (angled tip of
the needle) is facing “up” (i.e., toward the ceiling) to avoid the needle tip obstruct-
ing the guidewire or catheter in subsequent steps. The direction of needle insertion
should be along the predicted path of the artery’s course within the extremity. The
goal is to position the orifice of the needle tip precisely at the middle of the arterial
lumen, pointing directly down the center of the lumen. Once the provider has
received a “flash” of arterial blood indicating arterial entry, it may be necessary to
slightly reposition the angle of the needle to achieve maximal blood flow through
the needle. When using a traditional puncture needle, maximal blood flow is sug-
gested when arterial blood “spurts” out of the needle hub with each heartbeat. The
stronger the “spurt,” the better the position. Visualizing dark blood dribbling out of
the hub suggests venous entry, as venous blood pressures are much lower than arte-
rial blood pressures and venous blood is darker than arterial blood due to deoxygen-
ation. However, bright red blood dribbling (and not spurting) out of the hub suggests
that the provider has accessed the artery but the needle tip is not currently in the
center of the lumen or the bevel is not properly positioned in the upward direction.
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Gently rotating the needle to a bevel up position or advancing/withdrawing the nee-
dle tip by 1-2 mm may result in a better position of the needle tip, which should
improve the strength of the pulsatile blood stream. It is important to avoid large
(>1-2 mm) movements of the needle tip once the artery has been accessed. Making
such micro-movements requires a steady hand and a great deal of practice to per-
fect. If the provider is using a newer arterial access device with an “all-in-one”
integral wire guide, the strength of the pulse blood stream may not be evident.

Introducer needles are usually 18-, 20-, or 22-gauge in diameter and typically
come packaged with a compatible guidewire of a slightly smaller diameter than the
introducer needle. However, providers should test to ensure that the guidewire
glides freely inside the hollow introducer needle before attempting arterial punc-
ture, especially when combining components from different kits.

Guidewires used for arterial access are usually constructed of stainless steel
(possibly with a nitinol core) and come in a variety of lengths. The length of guide-
wire required will depend upon the depth of the target vessel and the length of the
catheter to be used. In all cases, the guidewire must be longer than the catheter and
should be inserted at least as far as the catheter is to be inserted. Guidewires have
a flexible tip on one end, which is intended to prevent inadvertent penetration of the
opposing artery wall, creation of a false passage in the soft tissues surrounding the
vessel, or advancement of the wire into a side branch of the artery. This flexible tip
may be “J”-shaped (Fig. 13.10) or straight but should be distinguished from the
stiff end of the guidewire. It is not recommended to advance the stiff end of the
guidewire first into the introducer needle, as this increases the risk of complica-
tions and does not improve success rates. Inability to advance the guidewire

Fig. 13.10 Traditional flexible “J” tip guidewire, with and without casing
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through the introducer into the artery suggests malposition of the needle tip, and
this problem is only exacerbated by use of the wrong end of the guidewire. In rare
cases, the guidewire tip (regardless of which type of flexible tip is used) may
become impaled on the needle tip, or the stiff portion of the wire may become
kinked inside of the vessel; both of these complications can prevent the guidewire
from being withdrawn from the needle after deployment. In these cases, the pro-
vider should remove the introducer needle-guidewire complex en masse to avoid
shearing the guidewire tip or causing additional injury to the artery during the
attempt to remove the guidewire.

Arterial catheters range in diameter from 18 to 24 gauge, although the diameter
and length of catheter required will vary depending upon the age and weight of the
patient, as well as the targeted arterial insertion site. Radial catheters range from
2.5 cmto 5 cm in length, while femoral catheters are usually much longer. In adults,
the radial artery catheter is usually 20 gauge and 4.5-5 cm in length, while femoral
catheters are typically 18 gauge and 12-20 cm long.

The process of inserting an introducer needle begins with palpation of the target
artery with the second and third fingers of the nondominant hand just proximal to
the desired skin puncture site. Then, with the bevel facing upward, the provider uses
the dominant hand to grasp the needle barrel and advances the needle tip through the
skin at a 30-45° angle (relative to the plane of the skin surface) toward the pulsation
felt under the fingertips of the nondominant hand (Fig. 13.9). As stated before, the
needle shaft should be angled in the anticipated direction of the artery’s path.

Once the introducer needle has penetrated the vessel wall and been confirmed to
be in good position within the artery, next steps will depend upon which technique

1. Needle placement 2. Guide wire inserted 3. Needle removed
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Fig. 13.11 Seldinger (catheter-over-wire) technique
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for catheter insertion has been selected: the Seldinger technique, modified Seldinger
technique, or catheter-over-needle technique.

Seldinger Technique

Using this technique, the introducer needle is placed (Fig. 13.11, Step 1), and a
separate guidewire of appropriate length is then advanced through the lumen of the
introducer needle and into the vessel (Step 2). If the guidewire encounters resis-
tance, the provider may exert minimal pressure to advance the guidewire past this
resistance but should not force the guidewire excessively. After the guidewire has
been advanced easily into the lumen of the artery, the needle is removed (Step 3),
leaving the guidewire in the vessel. Finally, the catheter is advanced over the guide-
wire until it is hubbed (Step 4), and the guidewire is then removed (Step 5). At this
point, the provider should see arterial blood flowing from the catheter. If no blood is
flowing from the catheter, the catheter tip may not be in the arterial lumen, and the
catheter may be retracted slightly to see if this improves blood flow. If not, the cath-
eter should be removed, pressure held to the arterial puncture site to control hema-
toma formation, and a new arterial puncture attempt made.
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Modified Seldinger Technique

This technique is similar to the traditional Seldinger technique, with the caveat that
all of the cannulation components (i.e., introducer needle, guidewire, and catheter)
are fitted together as a single integrated unit [46]. One example of a device used
with the modified Seldinger technique is the Arrow® Integrated Arterial Catheter
(Fig. 13.12).

Catheter-Over-Needle Technique

The catheter-over-needle technique may be more technically simple than the
Seldinger or modified Seldinger techniques and is especially useful for the can-
nulation of superficial arteries (e.g., radial artery). This technique utilizes an
apparatus consisting of a hollow introducer needle situated inside of an integrated
catheter (Fig. 13.13). As this technique is not dependent on a guidewire, it may be
preferred for patients with exceedingly small arteries, including neonates and
infants. As with the other techniques, the needle is inserted through the skin and
advanced toward the artery at a 30-45° angle with the bevel facing upward
(Fig. 13.9, Step 1). Arterial access is identified once a strong pulsatile blood flow
is noted through the catheter hub. At this point, the needle-catheter device com-
plex is lowered to an angle of 10-20° (relative to the skin surface), and the

Fig. 13.13 Catheter-over-needle technique
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complex is advanced 1-2 mm further (Step 2). This ensures that the catheter tip
has fully entered the arterial lumen. The catheter can then be fully advanced into
the vessel until the hub of the catheter is contacting the skin (Step 3). If at any
time resistance is felt while advancing the catheter, the needle can be shifted
slightly and additional attempts made to advance the catheter once appropriate
blood flow resumes. Providers should never retract the catheter back onto the
needle once it has been advanced, as this can shear the tip of the catheter leading
to embolization into the artery or loss of the catheter tip within the subcutaneous
tissues. Once the catheter is able to be advanced fully, the needle is removed,
the catheter is secured, and any needed transducer tubing is attached to the cath-
eter hub (Step 4).

7. Catheter Insertion and Dressing

The most challenging part of arterial line placement is often appropriate place-
ment of the guidewire. After this stage, catheter insertion should progress unevent-
fully, although care must be taken to prevent avoidable complications. When
utilizing the Seldinger technique, it is important to maintain the sterility of the
guidewire, avoiding contact between the guidewire and other objects in the environ-
ment that may not be sterile. Especially with the femoral approach, it is also impor-
tant to keep a significant portion of the guidewire outside of the patient and to
maintain control of this external portion, to avoid the rare complication of a “lost”
guidewire inside of the patient. This complication appears to be a greater risk with
venous cannulation but is not impossible with arterial cannulation if an inappropri-
ately short guidewire is used or if the guidewire is advanced excessively into the
patient. In general, the guidewire should be advanced into the patient approximately
the same distance as the length of the catheter to be inserted. The guidewire should
be firmly held between two fingers of the nondominant hand while loading the cath-
eter on the guidewire to prevent inadvertent advancement of the wire while advanc-
ing the catheter into the patient. The ability to advance the guidewire should
(hopefully) serve as a surrogate indicator of the ability to advance the catheter, and
inability to advance the guidewire into the patient to an adequate depth suggests that
the catheter may not be able to be advanced either. Given the flexibility and smaller
diameter of a guidewire, as compared to that of the arterial catheter, it is better to
identify obstructions preventing proper placement at the guidewire stage (thus
enabling selection of a new site, as needed) than to identify obstructions after the
catheter has already been inserted and the arteriotomy has been dilated with the
catheter.

After stabilization of the guidewire with the nondominant hand and removal of
the introducer needle, the dominant hand is used to thread the arterial catheter onto
the guidewire. The catheter is then advanced into the artery until it is “hubbed” (i.e.,
catheter hub touches skin), as in Fig. 13.13. If there is difficulty with catheter
advancement, a rotating motion can be incorporated as the catheter is pushed over
the guidewire into the artery. Once the catheter is sufficiently inside the artery, the
provider should remove the guidewire and apply pressure to the artery proximal to
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the site of catheter insertion, to aid in temporarily occluding blood flow from the
catheter until the tubing can be attached to the hub of the catheter (Fig. 13.11).
Pulsatile blood flow out of the hub of the catheter prior to pressure being applied
suggests proper catheter positioning within the artery.

After the catheter has been fully inserted, the provider must connect it to the
pressure transducer tubing. This step can be challenging, since many tubing prod-
ucts are not sterile and risk contamination of the sterile field. At this point, it is help-
ful to have an assistant who is able to handle the non-sterile tubing without
contaminating the sterile field. If no assistant is available, it is recommended for the
provider to change sterile gloves before recontacting the insertion site to place the
sterile dressings. Especially with radial line insertion, it is easy to lose control of the
catheter when connecting the transducer tubing, which could lead to catheter dis-
lodgement. For this reason, many providers will connect a sterile 10-mL syringe
(usually included in the kit) to the Luer-lock end of the arterial catheter immediately
after placement, which will prevent continued bleeding from the catheter while the
catheter is being secured. This will also allow to facilitate blood sampling from the
line. Once the catheter is sutured or otherwise anchored at the insertion site, the
syringe is removed and the transducer tubing is connected.

Many methods exist for securing the arterial catheter after placement, including
the use of sutures, adhesive stickers, clamps, adherent dressings, and tape. Most
arterial catheters include an integrated suture wing, which is meant to facilitate
anchoring of the catheter close to the insertion site (Fig. 13.14). Although 3-0 or
4-0 nylon sutures have classically been used to anchor the suture wings to the
patient’s skin, less-invasive stickers and adhesive dressings are also available. As
with venous catheters, chlorhexidine gluconate (CHG)-impregnated sponges, such
as the Biopatch® protective disc, may help to reduce the risk of local soft tissue or
bloodstream infection for up to a week after placement.

Dressing of the insertion site should also include a sterile transparent dressing
(e.g., Tegaderm®), which should be centered on the puncture site to maximize its

Fig.13.14 Standard /,;_c-w“‘—-‘""’"’,fd
femoral arterial catheter

with integrated suture wing =
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effectiveness at preventing site contamination. Prior to placing a transparent dress-
ing, the skin to be covered should be thoroughly (and sterilely) dried and cleansed
of any blood that may have oozed from the puncture site, as blood or other fluids
may serve as a nidus for bacterial growth. Thorough removal of residual ultrasound
gel from the site will also improve adherence of the dressing to the skin surface.

8. Catheter Securement and Tubing Attachment

Once the catheter has been sutured in place or otherwise anchored at the inser-
tion site, and the insertion site has been sterilely dressed, additional securement of
the catheter and tubing is recommended to avoid inadvertent migration or dislodge-
ment of the catheter. Many methods for tubing securement exist, and no clear evi-
dence exists to suggest advantages with any specific method. Whichever method is
suggested, it is essential that the provider secure the tubing before leaving the bed-
side. In this chapter, we will suggest one method that appears to perform adequately,
but the provider should feel free to modify this technique as needed.

Once the three-way stopcock and transducer tubing have been attached and the
insertion site is covered with sterile dressings, the provider’s attention should then
be turned to securement of the transducer tubing to the patient’s extremity. At the
radial site, the tubing can be looped around the thumb (coming from the palmar

Fig.13.15 Technique for
securement of transducer
tubing following radial
arterial line placement

Fig. 13.16 Creation of a
“mesentery” tape attaching
transducer tubing to the
extremity

Mesentary
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side) and secured to the radial side of the wrist and forearm. Care should be taken to
make this loop loose enough to avoid excessive tension on the tubing with thumb or
wrist movement. A gentle curve is recommended, to avoid creating kinks in the tub-
ing. The tubing can be secured to the patient with surgical silk tape (e.g., 3M
Durapore™) and/or additional Tegaderm® dressings. One technique for radial
artery cather securement is illustrated in Fig. 13.5, which includes securement of the
transducer tubing around the patient thumb and radial side of the forearm.

When securing tubing to the patient, it is important to avoid circumferential tap-
ing (i.e., looping the tape completely around the circumference of the extremity) to
reduce the risk of limb ischemia. This is especially important with radial lines or
when the patient has significant extremity edema. The creation of a tape “mesen-
tery” (Fig. 13.16) further down the extremity (away from the insertion site) may
also be advantageous, allowing for some freedom in tubing movement while still
anchoring the tubing effectively to the extremity.

Pressure Transducer Setup

A pressure transducer system is used to continuously monitor the patient’s blood
pressure through the arterial catheter. The pressure transducer kit includes non-
compressible tubing, a three-way stopcock used for zeroing, and transducer cable
that attaches to the monitor [47]. Additional supplies that are needed include an IV
pole and transducer mount, 500 ml of normal 0.9% saline, a pressurized infusion
cuff, and cardiac monitor with associated cables.

Steps involved with setting up the pressure transducer system include:

Fig. 13.17 Blood pressure

transducer system To the monitor

3-way Pressure Transducer
stopcock transducer cables
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Fig. 13.18 Transducer cable, pressure transducer system, pressure tubing, and infusion cuff
required for arterial pressure monitoring

* Turn on the cardiac monitor, and attach the reusable cabling.

* Remove the transducer system from its packaging, and ensure that all connec-
tions are adequately tightened. A standard blood pressure transducer with three-
way stopcock and cabling is shown in Fig. 13.17.

* Connect the transducer cable to the monitor cable, making sure that the connec-
tion is secure.

» Attach the saline line with drip chamber to the saline bag, place the saline bag
into the pressure infusion cuff, hang it onto the IV pole, and squeeze the drip
chamber, filling to approximately half full. The cabling, pressurized tubing, and
pressurized infusion cuff are depicted in Fig. 13.18.

* Prime the line by flushing saline through all of the tubing, ensuring that there is
no air trapped inside the tubing. Air trapped within the tubing risks creating an
air embolus within the patient’s vasculature. The liquid (saline) medium also
allows for proper propagation of the fluid pressure wave, which is dampened by
retained air within the system. To prime the line, open the roller clamp near the
drip chamber and activate the flush device near the transducer. The type of flush
device will depend on the specific transducer kit provided at your institution.
There are two common flush devices: (1) squeeze flush devices, in which the
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Fig. 13.19 Pressure transducer system setup

provider squeezes a compression tab to allow fluid flow, and (2) pull-tab flush
devices, in which the provider pulls the pigtail to allow fluid flow. Flush the sys-
tem until fluid flows through the open port on the zeroing stopcock, then turn the
zeroing stopcock off to the zeroing port, and cover with non-vented cap. Use the
flush device to flush the remaining line through to connector which will soon
attach to the patients catheter and then close the connector with a non-vented cap.
* Pressurize the saline bag to 300 mmHg and close the pressure cuff clamp. Make
sure the drip chamber does not fill completely during pressurization. Pressurizing
the systems ensures there is no back flow of blood into the pressure transducer.
e Calibrate (“zero”) the system at the level of the patient’s phlebostatic axis located
at patient’s fourth intercostal space, mid-axillary line as illustrated in Figure 13.19
[48]. This is achieved by bringing the transducer to the same horizontal level of
this point on the patient and turning the handle of the zeroing stopcock off toward
the patient’s end of the tubing and removing the non-vented cap from the zeroing
port. This will open the transducer to atmospheric pressure.
 Calibrate the cardiac monitor according to monitor manufacturer’s instructions.
* Close the zeroing stopcock and tighten the non-vented cap on the zeroing port.

At this point, the patient’s catheter tubing is ready to be connected to the pressure
monitoring system. To ensure that there are is no air trapped at the end of the tubing,
the provider should activate the flush device and watch saline flow and drop out of
the tubing while it is being attached. Once all of the tubing is attached, the patient is
ready for hemodynamic monitoring of arterial pressures.
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Interpreting Arterial Pressure Waveforms

The arterial pressure waveform generated through invasive arterial catheterization
provides a dynamic representation of the pressures in the patient’s arterial vascula-
ture due to the action of the left ventricle of the heart during each phase of the car-
diac cycle [47]. Invasive blood pressure monitoring is essentially measuring the
same physiological phenomenon as noninvasive blood pressure cuffs but does so in
a different way. Instead of measuring blood pressure as a function of blood flow
through an artery at one point in time, as with a noninvasive blood pressure cuff,
invasive blood pressure monitoring uses the transduction of a fluid pressure wave
into an electrical signal that is plotted in real time on a cardiac monitor.

When analyzing the arterial pressure waveform, providers must ensure that the trans-
ducer has been zeroed and leveled to the patient’s right atrium, as stated previously, and
that an appropriate scale is selected on the monitor. With a large scale, the wave will
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appear small on the monitor; with a small scale, the waveform will appear larger. In
certain clinical settings, the provider can inspect the arterial pressure waveform in rela-
tion to the electrocardiogram and plethysmographic waveform obtained from a pulse
oximeter to rule out the possibility of artifacts of the pressure transducer system.

The two phases of the cardiac cycle are reflected in the arterial pressure waveform.
The systolic blood pressure (SBP) and diastolic blood pressure (DBP) represent the
highest and lowest points on the pressure waveform, respectively (Fig. 13.20a).
Systole corresponds to the period of left ventricular contraction, when the aortic valve
opens to allow blood to flow from the heart into the aorta and systemic circulation.
The dicrotic notch is the small, brief increase in blood pressure that appears when the
aortic valve closes, due to a small a mount of backward blood flow. As the left ven-
tricle contracts, pressure in the arterial system increases, which correlates to the
increasing slope on the pressure waveform. Conversely, diastole is the period after the
aortic valve closes and the left ventricle relaxes. In diastole, arterial pressure lowers as
blood flows further into the arterial system. Damping of the waveform is associated
with the presence of a clot or air collection in the monitoring system, which increases
the intrinsic pressure within the system and results in a waveform that may either
smooth out or exaggerate certain features of the waveform (Fig. 13.21).

As fluid pressure waves travel through the systemic circulation, the aorta and
downstream arteries expand and, to some degree, absorb the pressure generated from
left ventricular contraction. The expansion and absorption of these high pressures is
a function of the compliance (stiffness) of the arteries. More compliant arteries, as
seen in younger patients, are able to expand more than noncompliant arteries, which
is common in the aging patient population. As humans age, arteries become stiffer
through atherosclerosis or age-related vascular diseases [49]. Arterial compliance
can be observed in the arterial pressure waveform through the pulse pressure, which
is the difference between the SBP and the DBP. A noncompliant arterial system is
characterized by a steeper slope of the waveform and a larger pulse pressure.

Another important feature of the arterial pressure waveform is the dicrotic notch. The
dicrotic notch is seen at the start of diastole and is an artifact of the reflection of the pres-
sure wave from the peripheral vasculature back to the heart. This occurs just following
aortic valve closure. The location of the dicrotic notch on the pressure waveform is
partially dependent upon the compliance of the arterial system [49]. Less compliant
arteries, as in the elderly, will reflect the fluid pressure wave sooner, and the dicrotic
notch will be observed closer to the highest point of the pressure waveform. In extreme
cases, the dicrotic notch can be superimposed on the peak of the arterial pressure wave
and create a prominent spike, giving the false illusion of an elevated SBP. Conversely,
more compliant arteries, as seen in children, will reflect the fluid pressure wave later, and
the dicrotic notch will be observed later in the down slope of the pressure tracing.

Troubleshooting the Transducer

Inaccurate pressure measurements can result from many common problems [47].
Most problems are due to improper setup of the pressure transducer equipment. If
there is no pressure waveform displayed on the cardiac monitor, the provider should



13 Arterial Catheters 331

inspect the system for disconnection of the cable, improper scaling of the wave-
form, dislodgement of the cannula, kinking of the cannula, clotting in the cannula,
or transducer failure. To test the patency of the cannula, the provider can try to
aspirate blood from the stopcock. If there is no blood return, this may suggest an
occlusion of the cannula, or the cannula may be dislodged and require replacement.
If there is blood return, check the electrical connections of the pressure transducer
and confirm that the scale of the monitor has been set appropriately. If there contin-
ues to be no signal after these interventions, a new transducer system should be set
up, calibrated, and connected to the patient’s cannula.

Anything that compromises the transfer of energy of the fluid pressure wave
from the arterial system to the pressure transducer can interfere with the accuracy of
arterial pressure monitoring. The resulting change in perceived arterial pressure is
termed “damping” and is further categorized as either underdamping or overdamp-
ing, as illustrated in Fig. 13.20. Underdamping occurs when the fluid pressure wave
is transduced too quickly which will cause the SBP to appear to be higher than it
truly is and the DBP to be lower than it truly is [46]. Underdamping can occur as an
artifact of the catheter, in cases of tachycardia, or with the use of stiff noncompliant
tubing. Overdamping creates a slurred waveform, resulting in underestimation of
SBP and overestimation of DBP [46]. Overdamping commonly occurs with low
blood pressure; air in the tubing; blood clots in the catheter; kinks in the catheter or
tubing; narrow, long, or compliant tubing; loose or open connections; and arterial
vasospasm.

Considerations for Ultrasound

There is strong evidence to support the use of ultrasound guidance over traditional
landmark and palpatory-based techniques for radial artery cannulation in both adult
and pediatric populations, as the use of ultrasound increases first-attempt success
rate and reduces the total number of attempts [50]. The advantages associated with
ultrasound-guided radial artery cannulation include real-time visualization of the
vessel, improved pre-procedural planning, increased success rate, reduced compli-
cations, and reduced time spent placing the catheter [51]. Ultrasound guidance has
also been shown to decrease the risk of vascular complications with femoral artery
cannulations [52]. The use of ultrasound has been demonstrated to increase the
chances of successful arterial line placement where it is being utilized as a rescue
technique after many failed attempts using the palpatory technique [53]. Of course,
ultrasound guidance requires available ultrasound equipment and trained practitio-
ners, which may limit its utility in the emergent setting [52].

Considerations for Type of Arterial Catheter

Depending on the targeted artery and expected technical problems, examiners must
carefully choose the type of catheter. The length of catheter selected can contribute
to the likelihood of failed placement and accidental dislodgment. Longer catheters
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are recommended for arteries found deeper in the soft tissue (e.g., brachial, femoral,
axillary), to reduce the risk of these complications. Catheter length and inner diam-
eter can also affect the accuracy of blood pressure measurement [46]. In adult sub-
jects, for example, 20-gauge catheters provide more accurate blood pressure
measurement at the radial site and are associated with fewer complications than
larger catheters [54-56]. An 18-gauge catheter (at a minimum of 15 cm in length) is
recommended for femoral artery cannulation.

Arterial Blood Sampling

In many cases, providers may wish to sample arterial blood for arterial blood gas
(ABG) analysis, or other laboratory testing, without placing a catheter in the
artery. This requires a simple puncture of the artery, although it is important to
consider many of the same anatomic and safety factors explored previously in
this chapter. Arterial puncture is often performed at the radial artery, due to its
superficial location, distance from other vital structures, and anticipated collat-
eral circulation from the ulnar artery. However, the femoral, brachial, and ulnar
arteries may also be used for this purpose if the radial artery is not able to be
accessed.

While routine blood sampling may be performed with a standard needle and
syringe, arterial blood samples for ABG analysis must be collected with a special-
ized pre-heparinized syringe and handled to minimize exposure to air during the
collection process. Clotting or inclusion of air in the sample will alter the results of
the ABG analysis and should be avoided. Because arterial blood flow is under
greater pressure than venous blood flow, arterial blood sampling does not require
significant syringe vacuum pressure to draw the blood into the syringe. In fact, pro-
viders should not draw back on the syringe when collecting arterial blood, as this
will contribute to hemolysis and may risk arterial injury.

Blood drawn for ABG analysis should be processed quickly after collection to
avoid warming of the blood, which will also affect the accuracy of the analysis. For
this reason, the syringe should be transported to the lab in a container with crushed
ice, if it is not being processed at the point of care.

In general, a 20-, 23-, or 25-gauge needle is used for arterial blood sampling.
While providers will want to use higher-gauge needles with smaller arteries, it
should be noted that the use of higher-gauge (i.e., smaller-diameter) needles will
also increase sample hemolysis, which may compromise the quality of the labora-
tory results. On the other hand, the use of an excessively large (i.e., low-gauge)
needle increases trauma to the vessel. A generic arterial blood gas collection kit is
illustrated in Fig. 13.21.

The general procedure [57, 58] for arterial sampling at the radial artery, for
example, may be described as follows:

e Position the patient as for arterial cannulation, with the targeted puncture site
exposed and in a position comfortable for both the patient and the provider.
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Fig. 13.21 Generic arterial blood gas collection kit

e Assess the artery for evidence of trauma, overlying infection, reduced blood
flow, or other contraindications to arterial puncture. In the case of the radial or
ulnar arteries, this should include a modified Allen test.

* Don appropriate sterile gloves, impervious gown, and face protection to avoid
inadvertent exposure to the patient’s blood. Disinfect the puncture site using
chlorhexidine or approved sterilizing agent.

e Attach the puncture needle to the syringe. Modern ABG syringes are usually 1 or
3 mL in capacity and made of plastic with lyophilized (i.e., freeze-dried) bal-
anced lithium heparin [59]. If the syringe contains preloaded liquid heparin, you
must expel the heparin solution from the syringe through the needle prior to
sample collection, leaving only a small amount (e.g., 0.15 mL) of heparin in the
chamber. Pull back on the plunger to set the syringe chamber at the recom-
mended volume before arterial puncture.

e If an ultrasound is used to guide insertion, ensure that the portion of the ultra-
sound probe that will be touching the patient is covered with a sterile surface
(e.g., Tegaderm, or sterile probe cover).
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Fig. 13.22 Provider hand
positioning for radial
arterial puncture

 Identify the arterial puncture site. Inject a small (1-mL) wheal of local anesthetic
(e.g., 1% lidocaine) into the skin overlying the puncture site.

* Place the tips of the middle and pointing fingers of the nondominant hand on the
palpable pulse of the artery, with the targeted insertion site centered in the gap
left between them, as shown in Fig. 13.22.

e Holding the syringe-needle complex “like a dart” between the thumb and the
pointing finger of the provider’s dominant hand, advance the needle slowly
through the skin and soft tissues and into the artery. The angle of puncture should
be 30—45° (as in Fig. 13.22) from the skin surface with the radial or ulnar sites,
although 90° is recommended for the femoral or other deep sites. When using the
30—45° puncture angle, be sure that the needle is pointed in the direction of the
anticipated path of the artery.

e Once a flash of blood is noted to enter the syringe, keep the needle tip at the same
position until the needed amount of blood has entered the syringe chamber.
Although only a small amount (e.g., 0.2 mL) of blood may be needed, it is rec-
ommended to draw at least 1 mL to avoid excessive heparin effect on the sample
[59]. Self-filling syringes should be used, which fill with blood after arterial
puncture without the need to pull back on the plunger. In fact, pulling back on the
plunger is not recommended, as this will cause hemolysis of the specimen. These
syringes usually have a vented plunger, which means that air will be able to
escape as the syringe chamber fills. After the desired blood volume has been col-
lected, withdraw the needle and apply pressure to the puncture site. Be sure to
rapidly invert the syringe to avoid the blood dripping back out of the needle tip.

e Hold direct pressure to the puncture site with a sterile gauze pad to limit hema-
toma formation at the site. The recommended amount of time is 5 minutes for
radial/ulnar artery puncture and 10-15 minutes for deeper sites (e.g., femoral or
brachial arteries). An extended duration of time may be required for patients with
coagulopathy. A pressure dressing can also be applied to the site with sterile
gauze and tape (but avoid circumferential taping).

e With the syringe inverted (i.e., needle pointing to the ceiling), carefully remove
the needle from the syringe using a safety device. Place the included tip cap on
the syringe. The tip cap serves as an air removal device and prevents the blood in
the chamber from directly contacting air in the room. Gently tap the side of the
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Fig. 13.23 Mixing of the
blood sample with residual
heparin inside the syringe

syringe to promote air bubbles rising to the surface of the collected blood speci-
men. Then, expel residual air from the syringe through the tip cap.

e Roll the syringe between your palms, while inverting repeatedly (Fig. 13.23) to
mix any residual heparin thoroughly in the sample before placing the sample in
the analyzer. Do not aggressively shake the syringe, as this may warm the sample
excessively and/or cause hemolysis, which will alter lab results.

e Blood gas analysis should be performed immediately after sample collection. If
analysis must be delayed >15 minutes, the sample should be appropriately refrig-
erated and transported to the lab on ice.

Key Concepts

* Arterial cannulation plays a crucial role in the care of patients in the emer-
gency, perioperative, and critical care settings by allowing continuous
hemodynamic monitoring and frequent arterial blood sampling.

* The radial and femoral arteries are the most frequently accessed sites for
arterial cannulation.

» Superficial arteries should be considered first to reduce iatrogenic compli-
cations. However, site selection should be based on anatomical features,
feasibility, provider experience, and the patient’s medical condition.

* Arterial vascular access can be accomplished through traditional palpatory
techniques, but ultrasound guidance is recommended to increase first-
attempt placement success.
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Arterial blood specimens may be used to evaluate the partial pressure of oxygen
(Pa0,), partial pressure of carbon dioxide (PaCO,), and pH of the arterial blood, as
well as other serum tests.

Conclusions

Arterial line placement is an important procedure that can be used in the emergent,
perioperative, and critically unstable patient. This invasive procedure allows clini-
cians to closely monitor hemodynamic variables such as continuous blood pressures
and cardiac output and facilitates frequent sampling of arterial blood for blood gas
and other lab testing. Proper selection of a target artery depends on myriad factors,
including anatomical considerations, feasibility of the site, provider familiarity, and
the presence of contraindications.

References

1. McCormack LJ, Cauldwell EW, Anson BJ. Brachial and antebrachial arterial patterns; a study
of 750 extremities. Surg Gynecol Obstet. 1953;96(1):43-54.

2. Karacalar S, Ture H, Baris S, et al. Ulnar artery versus radial artery approach for continuous
arterial monitoring: a prospective comparative study. J Clin Anesth. 2007;19(3):209-13.

3. Mozersky DJ, Buckley CJ, Hagood CO Jr, et al. Ultrasonic evaluation of the palmar circula-
tion. Am J Surg. 1973;126:810-2.

4. Doscher W, Viswanathan B, Stein T, Margolis IB. Hemodynamic assessment of the circulation
in 200 normal hands. Ann Surg. 1983;198:776-9.

5. Doscher W, Viswanathan B, Stein T, Margolis IB. Physiologic anatomy of the palmar circula-
tion in 200 normal hands. J Cardiovasc Surg. 1985;26:171-4.

6. Jarvis MA, Jarvis CL, Jones PR, Spyt TJ. Reliability of Allen's test in selection of patients for
radial artery harvest. Ann Thorac Surg. 2000;70(4):1362-5.

7. Brzezinski M, Luisetti T, London MJ. Radial artery cannulation: a comprehensive review of
recent anatomic and physiologic investigations. Anesth Analg. 2009;109(6):1763-81.

8. Fernandez R, Zaky F, Ekmejian A, et al. Safety and efficacy of ulnar artery approach for per-
cutaneous cardiac catheterization: systematic review and meta-analysis. Catheter Cardiovasc
Interv. 2018;91(7):1273-80.

9. Koutouzis M, Ziakas A, Didagelos M, et al. Ipsilateral radial and ulnar artery cannulation dur-
ing the same coronary catheterization procedure. Hippokratia. 2016;20(3):249-51.

10. Agostoni P, Zuffi A, Faurie B, et al. Same wrist intervention via the cubital (ulnar) artery in
case of radial puncture failure for percutaneous cardiac catheterization or intervention: the
multicenter SWITCH registry. Int J Cardiol. 2013;169(1):52-6.

11. Seyahi N, Kahveci A, Altiparmak MR, et al. Ultrasound imaging findings of femoral veins
in patients with renal failure and its impact on vascular access. Nephrol Dial Transplant.
2005;20(9):1864-7.

12. Hughes P, Scott C, Bodenham A. Ultrasonography of the femoral vessels in the groin: implica-
tions for vascular access. Anaesthesia. 2008;55(12):1198-202.

13. Basmajian JV. Grant’s method of anatomy. Baltimore: Williams & Wilkins; 1980.

14. Bangalore S, Bhatt DL. Femoral arterial access and closure. Circulation. 2011;124(5):e147-56.

15. Altin RS, Flicker S, Naidech HJ. Pseudoaneurysm and arteriovenous fistula after femoral artery
catheterization: association with low femoral punctures. Am J Roentgenol. 1989;152:629-31.

16. Rapoport S, Sniderman K, Morse S, et al. Pseudoaneurysm: a complication of faulty technique
in femoral arterial puncture. Radiology. 1985;154:529-30.



Arterial Catheters 337

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Illescas FF, Baker ME, McCann R, et al. CT evaluation of retroperitoneal hemorrhage associ-
ated with femoral arteriography. Am J Roentgenol. 1986;146:1289-92.

Rupp SB, Vogelzang RL, Nemcek AA Jr, Yungbluth MM. Relationship of the inguinal liga-
ment to pelvic radiographic landmarks: anatomic correlation and its role in femoral arteriogra-
phy. J Vasc Interv Radiol. 1993;4:409-13.

Scheer BV, Perel A, Pfeiffer UJ. Clinical review: complications and risk factors of peripheral
arterial catheters used for haemodynamic monitoring in anaesthesia and intensive care medi-
cine. Crit Care. 2002;6(3):199-204.

Nuttall G, Burckhardt J, Hadley A, et al. Surgical and patient risk factors for severe arterial line
complications in adults. Anesthesiology. 2016;124(3):590-7.

Mohr R, Lavee J, Goor DA. Inaccuracy of radial artery pressure measurement after cardiac
operations. J Thorac Cardiovasc Surg. 1987;94:286-90.

Ahmad RA, Ahmad S, Naveed A, et al. Peripheral arterial blood pressure versus central arterial
blood pressure monitoring in critically ill patients after cardiopulmonary bypass. Pak J Med
Sci. 2017;33(2):310-4.

Dorman T, Brelow MJ, Lipsett PA, et al. Radial artery pressure monitoring underestimates
central arterial pressure during vasopressor therapy in critically ill surgical patients. Crit Care
Med. 1998;26:1646-9.

Soderstrom CA, Wasserman DH, Dunham CM, et al. Superiority of the femoral artery of
monitoring. A prospective study. Am J Surg. 1982;144(3):309-12.

Greer MR, Carney S, McPheeters RA, et al. Radial arterial lines have a higher failure rate than
femoral. West J Emerg Med. 2018;19(2):364-71.

Ailon J, Mourad O, Chien V, et al. Videos in clinical medicine. Ultrasound-guided insertion of
aradial arterial catheter. N Engl J Med. 2014;371(15):e21.

Bur A, Hirschl MM, Herkner H, Oschatz E, Kofler J, Woisetschldger C, Laggner AN. Accuracy
of oscillometric blood pressure measurement according to the relation between cuff size and
upper-arm circumference in critically ill patients. Crit Care Med. 2000;28(2):371-6.

Tiru B, Bloomstone JA, McGee WT. Radial artery cannulation: a review article. J Anesth Clin
Res. 2012;3:209.

Mandel MA, Dauchot PJ. Radial artery cannulation in 1,000 patients: precautions and compli-
cations. J Hand Surg Am. 1977;2(6):482-5.

Valentine RJ, Modrall JG, Clagett GP. Hand ischemia after radial artery cannulation. J Am Coll
Surg. 2005;201(1):18-22.

Lindsay SL, Kerridge R, Collett BJ. Abscess following cannulation of the radial artery.
Anaesthesia. 1987;42(6):654-7.

Kim JM, Arakawa K, Bliss J. Arterial cannulation: factors in the development of occlusion.
Anesth Analg. 1975;54(6):836—41.

Hausmann D, Schulte am Esch J, Fischdick G. Radial artery cannulation: a prospective
study on its complication rate by clinical and sonographic evaluation [in German]. Anésth
Intensivther Notfallmed. 1981;16:269-73.

Slogoff S, Keats AS, Arlund C. On the safety of radial artery cannulation. Anesthesiology.
1983;59:42-7.

Gurman GM, Kriemermann S. Cannulation of big arteries in critically ill patients. Crit Care
Med. 1985;13:217-20.

Riker AI, Gamelli RL. Vascular complications and femoral artery catheterization in burn
patients. J Trauma. 1996;41:904-5.

Fitzpatrick GJ, McDonald NJ, Moriarty DC. Radial artery cannulation: a prospective study. Ir
J Med Sci. 1987;156:279-81.

Davis FM, Stewart JM. Radial artery cannulation: a prospective study in patients undergoing
cardiothoracic surgery. Br J Anaesth. 1980;52:41-7.

Russell JA, Joel M, Hudson RJ, Mangano DT, Schlobohm RM. Prospective evaluation of radial
and femoral artery catheterization sites in critically ill adults. Crit Care Med. 1983;11:936-9.
Bedford RF. Wrist circumference predicts the risk of radial-arterial occlusion after cannula-
tion. Anesthesiology. 1978;48:377-8.



338 B. F. Mullan and J. H. Paxton

41. Gil RT, Haupt MT, Baharozian MCT, Carlson RW. Arterial catheter complications: are there
differences related to the site of insertion? Chest. 1985;88(suppl):39S.

42. Gurman G, Schachar J. Femoral artery cannulation in critically ill patients. Crit Care Med.
1981;9:202-3.

43. Tegtmeyer K, Brady G, Lai S, Hodo R, Braner D. Videos in clinical medicine. Placement of an
arterial line. N Engl J Med. 2006;354(15):e13.

44. Mangar D, Thrush DN, Connell GR, Downs JB. Direct or modified Seldinger guide wire-
directed technique for arterial catheter insertion. Anesth Analg. 1993;76(4):714-7.

45. Melhuish TM, White LD. Optimal wrist positioning for radial arterial cannulation in adults: a
systematic review and meta-analysis. Am J Emerg Med. 2016;34(12):2372-8.

46. Saugel B, Kouz K, Meidert AS, Schulte-Uentrop L, Romagnoli S. How to measure blood pres-
sure using an arterial catheter: a systematic 5-step approach. Crit Care. 2020;24(1):172.

47. Ortega R, Connor C, Kotova F, Deng W, Lacerra C. Use of pressure transducers. N Engl ] Med.
2017;376(14):e26.

48. Magder S. Invasive intravascular hemodynamic monitoring: technical issues. Crit Care Clin.
2007;23(3):401-14.

49. van Varik BJ, Rennenberg RJ, Reutelingsperger CP, Kroon AA, de Leeuw PW, Schurgers
LJ. Mechanisms of arterial remodeling: lessons from genetic diseases. Front Genet. 2012;3:290.

50. White L, Halpin A, Turner M, Wallace L. Ultrasound-guided radial artery cannulation in
adult and paediatric populations: a systematic review and meta-analysis. Br J Anaesth.
2016;116(5):610-7.

51. Miller AG, Bardin AJ. Review of ultrasound-guided radial artery catheter placement. Respir
Care. 2016;61(3):383-8.

52. Rashid MK, Sahami N, Singh K, et al. Ultrasound guidance in femoral artery catheterization:
a systematic review and a meta-analysis of randomized controlled trials. J Invasive Cardiol.
2019;31(7):e192-8.

53. Sandhu NS, Patel B. Use of ultrasonography as a rescue technique for failed radial artery can-
nulation. J Clin Anesth. 2006;18(2):138—41.

54. Nuttall G, Burckhardt J, Hadley A, et al. Surgical and patient risk factors for severe arterial line
complications in adults. Anesthesiology. 2016;124:590-7.

55. Romagnoli S, Ricci Z, Quattrone D, et al. Accuracy of invasive arterial pressure monitoring in
cardiovascular patients: an observational study. Crit Care. 2014;18(6):644.

56. O'Grady NP, Alexander M, Burns LA, et al. Summary of recommendations: guidelines for the
prevention of intravascular catheter-related infections. Clin Infect Dis. 2011;52(9):1087-99.

57. Dukic L, Kopcinovic LM, Dorotic A, Barsic I. Blood gas testing and related measurements:
national recommendations on behalf of the Croatian Society of Medical Biochemistry and
Laboratory Medicine. Biochem Med (Zagreb). 2016;26(3):318-36.

58. Burnett RW, Covington AK, Fogh-Andersen N, et al. Approved IFCC recommendations on
whole blood sampling, transport and storage for simultaneous determination of pH, blood
gases and electrolytes. Eur J Clin Chem Biochem. 1995;33:247-53.

59. Ordog GJ, Wasserberger J, Balasubramaniam S. Effect of heparin on arterial blood gases. Ann
Emerg Med. 1985;14(3):233-8.



Index

A

Accessory cephalic vein, 37

Adductor longus muscle, 96

Adrenaline, 206, 207

Advanced kidney disease, 266

Advanced Trauma Life Support (ATLS),
135, 193

Aging, 12

Air embolism, 102

Amiodarone, 208

Anatomic inventory, 253

Battery-powered drill devices, 164

BD™ devices, 163, 164

Blood sample clotting, 49

Bone Injection Gun (B.I.G.™) device, 165, 167

Brachial artery, 226

Brachial vein, 38, 57, 59, 71, 185

Brachiocephalic (BC) vein (BCV), 119, 120,
125, 188

Breast cancer, 44

Bridging devices, 262

Butterfly iQ® Portable Ultrasound System,

Anisotropy, 69 282,283
Antecubital (AC) fossa, 37, 38
Anterior superior iliac spine (ASIS), 306
Arterial blood gas (ABG), 103, 104, 332 C
Arterial catheters, pediatrics, 192 Calcaneus, 152, 153
Arterial pressure waveform, 329, 330 Cannula, 18
Arterial system Cardiac arrest (CA)
definition, 6 definition, 199
elastin, 8 first-attempt success rates, 211, 212
femoral artery, 9, 10 incidences, 199
radial artery, 8 location, 209, 210
tree, 6, 7 medications, 205
Arteriovenous fistula (AVF), 45, 46 amiodarone, 208
Arteriovenous graft (AVG), 45, 46 epinephrine, 206, 207
Axillary (AX) vein, 77 lidocaine, 208
advantages, 86 magnesium sulfate, 208
anatomy, 86 sodium bicarbonate, 205, 208, 209
disadvantages, 87 vasopressin, 207
needle direction, 87 OHCA, 212
patient positioning, 87 pathophysiology
pediatrics, 188 chain of survival model, 203, 204
site identification, 87, 88 circulatory phase, 202
site-specific risks/complications, 87, 88 CPR, 201
electrical phase, 202
life-threatening dysrhythmias, 200
B metabolic phase, 202
BARD™ O system, 165 OHCA, 203
Basilic vein, 37, 38, 59, 71, 185, 189 oxygenated blood flow, 200
© Springer Nature Switzerland AG 2021 339

J. H. Paxton (ed.), Emergent Vascular Access,
https://doi.org/10.1007/978-3-030-77177-5


https://doi.org/10.1007/978-3-030-77177-5#DOI

340

Index

Cardiac arrest (CA) (cont.)
presence/absence of a palpable pulse, 201
ROSC, 203, 204
shockable and non-shockable cardiac

rhythms, 201
Torsades de pointes, 201, 202
speed of access, 211
VAD selection, 210, 211

Cardiac output, 12

Cardiopulmonary resuscitation (CPR), 201

Cardiovascular implantable electronic

device, 266

Cardiovascular system, 6, 12, 13

Carotid artery (CA) puncture, 112

Carotid sheath, 118

Catheter flushing, 35

Catheter-over-needle technique, 314, 322, 323

Catheter-to-vein ratio (CVR), 178

Central line-associated bloodstream infection

(CLABSI), 129
Central venous catheter (CVC), 19,
55, 56, 239
access method
air embolism, 102
angle of bend, 104
arterial cannulation, 103, 104
depth of insertion, 104-106
guidewire, 102, 103
line placement, 103
patient positioning, 100
patient preparation, 101
securing, 104
sterility, 101, 102
anatomy, 77, 78
axillary vein, 86-88
complications, 99-101, 279
contraindications, 78, 79
DVA, 230
femoral vein
advantages, 95, 96
CFV, 95
needle insertion, 96-98
patient positioning, 96
site identification, 96, 97
site specific risks/complications, 98
history, 75-77
indications, 78
INS, 265, 266
integrated sensors and glucose sensor, 280
internal jugular vein
advantages, 81
disadvantages, 82
needle direction, 84
patient positioning, 82

site identification, 82, 83
site-specific risks/complications, 84, 85
three-finger method, 83, 84
line stabilization and securement, 284, 285
pediatrics, 186, 188
axillary vein, 188
complication, 185
FEM vein, 187
1J vein, 187
indications, 185
locations, 186
subclavian vein, 187, 188
pneumothorax, 280
PUD, 282-284
ScvO, monitoring, 280
selection, 99
subclavian vein (see Subclavian vein)
supplies needed, 80, 81
Surfacer® Inside-Out® Access Catheter
System, 280, 281
types of, 79
ultrasound guidance, 281, 282
US-CVC (see Ultrasound-guided central
venous catheter (US-CVC))
Cephalic vein, 38, 40, 58, 59, 71, 181, 185
Chain of Survival model, 203, 204
Chemotherapy, 237
Circulatory phase, 202
Clavicle, 140-142
Common carotid artery (CCA), 83
Common femoral artery (CFA), 306
Common femoral vein (CFV), 95, 126
Comorbid conditions, 235, 236
Compartment syndrome, 155
Cook™ devices, 160, 161
Corpora cavernosa injection, 290
Crystalloid fluids, 255, 256
Cubital fossa, 37, 226
Cubital vein, 58

D

Damping, 331

Decision-making
accurate and rapid assessment, 249
algorithm, 268, 269
device limitations, 262, 263
environmental limitations, 250, 251
game plan, 250
guidelines and policies, 263
INS, 264-266
intravascular catheter-related infections,

267, 268

MAGIC, 263, 264



Index

341

medical conditions, 255-257
medication characteristics, 257-261
patient assessment, 252-254
pediatrics, 193, 194
provider-specific considerations, 261
RaCeVA and RaPeVA, 267
VHP, 266
Deep femoral artery (DFA), 306
Deep vein thrombosis (DVT), 10, 46
Definitive device, 262
Deltoid muscle, 143
Deltopectoral triangle, 93
Depot effect, 157
Dermoclysis, 288
Diaphysis, 135
Diastolic blood pressure (DBP), 330, 331
Dicrotic notch, 330
Dieckmann™ devices, 159, 160
Difficult vascular access (DVA)
aging, 237, 238
chemotherapy, 237
coagulopathies, 237
comorbid conditions, 235, 236
definition, 217, 218
environmental risk factors, 235
management, 238, 239
patient-specific causes
anatomic variation, 225-227
hazardous anatomic structures, 226,
229, 230
patient compliance, 231, 232
site infusion, 225
skin characteristics, 231
tourniquets, 225
vein palpability, 223-225
vein visibility, 220-222
venous cutdown, 222, 223
vessel size, 230, 231
prehospital setting, 217
provider causes, 232
distractibility, 232, 233
experience and bias, 234
fatigue, 233
high-pressure situations, 233
risk factors, 219
time constraints, 218-220
vascular trauma and vein disease, 236
Difficult venous access (DVA), 56
Distal femur, 148-150
Distal radius, 147, 148
Distal tibia, 151, 152
Distractibility, 232, 233
Dorsal arch veins, 181
Dorsal digital veins, 41

Dorsal metacarpal veins, 41
Dorsal venous arch, 183
Dressing placement, 35
Drip rates, 35

Drip volumes, 36

E
Elastin, 8
Electrical phase, 202
Emergent arterial access
anatomy
femoral artery, 306-309
history, 302
structures, 302
wrist, 303-306
arterial blood sampling, 332-336
arterial catheter, type of, 331
arterial pressure waveform, 329, 330
arterial puncture with needle
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needle direction, 84
patient positioning, 82
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three-finger method, 83, 84
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Intracardiac injections, 290
Intramuscular (IM) injection, 232
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Intraosseous (IO) catheters, 178-180
anatomic sites, 290
bioavailability and efficacy
of medications, 287
buffering, 286
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spring-loaded devices, 165
sternum (manubrium), 139-142
Ipsilateral fracture, 138
“I””-shaped configuration, 226
IV tubing setup, 259, 260

J

Jamshidi™ devices, 159-161
Jugular bulb, 118

Jugular foramen, 118

K
Korotkoff sounds, 17

L
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Lidocaine, 208

Light-emitting diode (LED), 221

Linear probe, 63

Long peripheral catheter (LPC), 265, 275, 276
Low IJ insertion, 84

Lower extremity, 43, 44

M

Magnesium sulfate, 208

Manubrium, 139-142

Medial marginal vein, 43

Median cubital vein, 37

Median veins, 38

Medullary cavity, 135

Mesentery tape, 325, 326

Metabolic phase, 202

Metaphyses, 135

Michigan Appropriateness Guide for
Intravenous Catheters (MAGIC),
263, 264

Midline catheters, 265

Modified Allen test, 303, 305

Modified Rodnan skin score (mRSS), 231

Modified Seldinger technique, 313, 321, 322

“M”-shaped pattern, 226

Multi-access catheter (MAC), 79

N

Nanoparticulate systems, 290

Nasal mucosa, 290

Near-infrared (NIR) light, 220

Neonates, 178

Nerve, artery, vein, empty space, lymphatics
(NAVEL), 96, 306

NIO™ (PerSys Medical) device, 158, 165,
166, 168, 169

NIO™ [nfant device, 166, 169

Nitroglycerin ointment, 224

Non-peripherally compatible infusates, 263

“N”-shaped arrangement, 226

(0]

One-handed method, 32, 33
Order of blood draw, 50
Out-of-plane approach, 115-117
Out-of-plane technique, 63

P

Palmar metacarpal veins, 41

Pectoralis major muscle, 92, 93

Pediatric Advanced Life Support
(PALS), 193
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anatomy, 177 angles, 31, 32
CVRs, 178 bevel-up needle positioning, 31
definitions, 178 direct method, 33, 34
VAD, 177 dominant hand position, 30
arterial catheters, 192 indirect method, 33, 34
CVC, 185-188 non-dominant thumb, 30

decision-making, 193, 194
enhance placement success, 192, 193
intraosseous catheter, 178—180
landmark-based PIV, 180-184
PICC, 189
types, 178, 179
UAC, 191, 192
US-PIV, 184, 185
UVC, 189-191
Peres’ formula, 104, 105
Periosteum, 135, 136
Peripheral intravenous (PIV) catheters
antecubital fossa, 37, 38
back flow confirmation, 34
breast cancer, 44
catheter flushing, 35
catheter infusion, 35, 36
catheter stabilization, 35
central and peripheral veins, 23
components, 24
contractures, 46
definition, 23
design and safety features, 25, 26
dressing placement, 35
DVT, 46
EJ vein, 42, 43
extended-length standard PIV catheters, 26
forearm, 38-40
gauges, 24, 25
hand and wrist, 40, 41
hemodialysis, 45, 46
heplock/infusion tubing attachment, 34
hypovolemia and hypotension, 23
lower extremity, 43, 44
LPC, 275,276
midline catheters, 276-279
needle retraction and vein occlusion, 34
order of blood draw, 50
pediatrics, 180—184
peripheral vein targets, 36, 37
phlebotomy, 47-49
provider preparation, 27, 28
PUR, 274
rigidity, 25
scar tissue, 47
site selection, 28, 29
site targeting and sterilization, 29
soft tissue edema, 47
standard “short” PIV catheters, 26

one-handed and two-handed tech-
niques, 32, 33
tourniquet application, 29
traumatic injury, 46
upper arm, 38
US-PIV (see Ultrasound-guided peripheral
intravenous (US-PIV) catheter)
Peripherally compatible solutions, 263
Peripherally inserted central catheter (PICC),
189, 291, 292
Peritoneal crystalloid infusion, 225
Phlebotomy, 4749
Pinch-off syndrome, 94, 95
Poiseuille’s Law, 14, 15
Polytetrafluoroethylene (PTFE), 24
Polyurethane (PUR) catheters, 274
Portable ultrasound device (PUD), 282-284
Potent vasoconstrictors, 156
Pregnancy, 14
Pressure transducer system, 326-328
Princeps pollicis artery, 181
Proctoclysis, 288, 289
Profunda femoris artery (PFA), 308
Projection grip, 25
Proximal humeral 10 (PHIO), 211
Proximal humerus, 142—144, 146, 147
Proximal tibial IO (PTIO), 149-151, 211
Pseudohyperkalemia, 29
Pubic symphysis, 306, 309
Pulse pressure, 330
Pulseless ventricular tachycardia
(pVT), 200-202
P-wave, 85

R

Radial artery, 8, 303-306, 310, 311

Radial veins, 58

Rapid assessment of the central veins
(RaCeVA), 267

Rapid Assessment of the peripheral veins
(RaPeVA), 267

Return of spontaneous circulation (ROSC),
156, 199, 203, 204

Reverberation artifact lines, 115

Reversible elasticity, 8

Reynolds number, 16

Rigidity, 25

Risk of infection, 57
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Rupp’s rule, 308

S
Safety chamber, 25
SAM Medical™ devices, 161-163
Saphenous veins, 43
Scalenus anterior muscle, 89
Scalp veins, 181, 182
Scar tissue, 47
Seldinger technique, 113, 313, 320, 321
Self-fulfilling prophecy, 234
Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), 274
Short peripheral IV catheters, 265
Short-axis approach, 116, 117
Sigmoid dural venous sinus, 118
Skeletal system, 14
Skin puncture
angle of, 31, 32
bevel-up needle positioning, 30, 31
direct and indirect methods, 33, 34
dominant hand position, 30
non-dominant thumb, 30
one-handed and two-handed tech-
niques, 32, 33
Sodium bicarbonate, 205, 208, 209
Soft tissue edema, 47
Spring-loaded devices, 164, 165
Squeeze test, 170
StatLock® stabilization device, 285
Sterility, CVC insertion, 101, 102
Sternocleidomastoid muscle (SCM), 42, 60
Sternum, 139-142
Subclavian (SC) vein(s), 77
anatomy, 120, 121
infraclavicular approach, 120-124
advantages, 92
disadvantages, 92
needle direction, 94
patient positioning, 92
pectoralis major muscle, 92
site identification, 93, 94
site-specific risks/complications, 94, 95
pediatrics, 187, 188
supraclavicular approach, 124-126
advantages, 89
disadvantages, 89
needle direction, 90, 91
patient positioning, 90
scalenus anterior muscle, 89
site identification, 90
site-specific risks/complications, 90, 91
Subclavian artery, 120, 126
Subcutaneous injection, 288
Superficial femoral artery (SFA), 306

Superior vena cava (SVC), 77, 85

Supplementary cephalic vein, 39

Supraclavicular approach, 124-126

Surfacer® Inside-Out® Access Catheter
System, 280

Sur-Fast™ devices, 161, 162

Sussmane-Raszynski™ devices, 160, 162

Suture wing, 324

Systolic blood pressure (SBP), 330, 331

T

Tactically Advanced Lifesaving Intraosseous
Needle (T.A.L.O. N.™) devices,
161, 162

Teres major muscle, 86

Thoracic duct, 120

Three-finger method, 83, 84

Tib-Finder™ intraosseous placement guide, 170

Time constraints, 218, 219

Tip, 18

Torsades de pointes (TdP), 201, 202

Tourniquet application, 29

Transillumination devices, 181

Traumatic injury, 46

Trendelenburg position, 119, 126

Tropis Needle-Free Injector®, 288

Two-handed method, 33

U
Ulnar artery, 303, 310
Ultrasound-guided central venous catheter
(US-CVO)
documentation, 130
dynamic technique, 116
exam types, 113
femoral vein, 126—128
1J vein, 112, 118-120
infectious complications, 129
in-plane approach, 113-116
local anesthesia, 113
loss of visualization, 129
mechanical complications, 129
needle vs. angiocatheter, 118
occurrence, 128
out-of-plane approach, 115-117
probe/transducer, 112
proper placement, 117
Seldinger technique, 113
static technique, 116
sterile technique, 113
subclavian vein
anatomy, 120, 121
infraclavicular approach, 120-124
supraclavicular approach, 124-126
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Ultrasound-guided peripheral intravenous
(US-PIV) catheter
anatomical formation, 68, 69
anisotropy, 69
arterial cannulation, 68
benefits of, 55
contraindications and complications, 56-58
DVA, 56
EJ vein, 60
equipment, 60-62
forearm, 58, 59
history, 55
ideal vein, 57
indications, 56
patient positioning, 67, 68
pediatrics, 184, 185
pulsatility, 68
radial, median and ulnar nerves, 68
technique
cross sections, 64, 65
in-plane approach, 65, 66
linear probe, 63
out-of-plane approach, 63
thrombosis, 69-71
upper arm, 59, 60, 71
Umbilical artery catheterization (UAC),
191, 192
Umbilical vein catheterization
(UVO), 189-191
Upper arm, 38, 59, 60

\%
Vagus nerve, 118
Vapocoolant, 192
Vascular access device (VAD), 18-20
cardiac arrest, 210, 211
development, 273
pediatrics, 177
arterial catheters, 192
CVC, 185-188
decision-making, 193, 194
enhance placement success, 192, 193
intraosseous catheter, 178—180
landmark-based PIV, 180-184
PICC, 189
types, 178, 179
UAC, 191, 192
US-PIV, 184, 185

UVC, 189-191
Vascular access support devices (VASDs), 220
Vascular physics and physiology
aging, 12
arterial system
definition, 6
elastin, 8
femoral artery, 9, 10
radial artery, 8
tree, 6, 7
cardiovascular system, 6, 12, 13
laws of physics
assumptions, 15
in-series and in-parallel configura-
tions, 16, 17
Korotkoff sounds, 17
Law of Laplace, 14, 15
patient’s hydration status, 16
Poiseuille’s Law, 14, 15
resistance, 18
Reynolds number, 16
viscosity, 17
pregnancy, 14
skeletal system, 14
VAD, 18-20
vascular access, 5
venous system, 9-11
Vascular trauma and vein disease, 236
Vasopressin, 207
Vasopressors, 259
Veinlite LED+®, 221
Vein palpability, 223-225
Vein thrombosis, 6971
Vein visibility, 220-222
Venous blood gas (VBG), 103, 104
Venous cutdown, 222, 223
Venous irritants, 258
Venous plexus, 183
Venous system, 9—11
Venous valves, 229
Ventricular fibrillation (VF), 201-202
Vesicants, 258
Vessel health and preservation (VHP), 266
Viscosity, 17
V Technique, 309, 310

Y
“Y”-shape, 226
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