


Robert B. Rutherford, MD, 1931-2013

Robert B. Rutherford, MD, the founding editor of this textbook, died on
November 22, 2013, at the age of 82. The vascular surgery community is
saddened by the loss of this extraordinary man, who created many opportuni-
ties for others and did so much to advance the care of patients with vascular
disease.

Dr. Rutherford was born in Edmonton, Alberta, Canada. He received his
BA (Phi Beta Kappa) in 1952 and his MD (Alpha Omega Alpha) in 1956,
both from Johns Hopkins University. After internship at Johns Hopkins, he
completed his general surgery residency at the University of Colorado in
1963. During residency, he did a clinical fellowship year as a Fulbright
Scholar at Lund University in Malmo, Sweden. After residency he served
2 years in the military at the Walter Reed Army Institute of Research. He
was then appointed to the surgical faculty at Johns Hopkins in 1965 before
returning to the University of Colorado in 1970 where he spent the remain-
der of his professional career as Professor of Surgery and Chief of the Vascular
Surgery Section.

In 1975, Dr. Rutherford was the first to recognize the need for a compre-
hensive textbook devoted exclusively to the new specialty of vascular
surgery. He successfully recruited a group of peers to be associate editors, and
in 1977 the first edition of Vascular Surgery was published. In the preface to
the first edition, he stated in his usual humble manner that “our efforts will
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have been rewarded if the book proves helpful to any physician who has
committed himself or herself to treating patients with vascular disease.” Over
the next 30 years, Dr. Rutherford shepherded his textbook through six edi-
tions, constantly updating authors, content, and associate editors, before
assigning editorship to the Society for Vascular Surgery to ensure publication
in perpetuity. Known colloquially as “Rutherford,” this textbook, a reflection
of his vision and commitment, has become the definitive source for all
practitioners of vascular healthcare. It is his enduring contribution to our
discipline for which he is owed a great debt of gratitude.

Dr. Rutherford had broad interests in vascular surgery, a scholarly
command of the literature, and an outstanding memory. This led to the pub-
lication during his career of more than 400 scientific articles and book chap-
ters, on a wide range of topics. Dr. Rutherford also recognized the need for
regular updates of topics for practicing vascular surgeons, which led to his
development and editing of “Seminars in Vascular Surgery” from 1988 to
2012. Given his knowledge base and editorial expertise, he was selected as
senior editor of the Jowrnal of Vascular Surgery, a position he held from 1996
to 2003. He was a natural editor who provided critical, but fair and balanced
reviews, and was always prepared to help less experienced authors.

Dr. Rutherford was a member of many professional societies, and was
president of four, most notably serving as the forty-third president of the
International Society for Cardiovascular Surgery, North American Chapter
(now the Society for Vascular Surgery). In his presidential address of 1995,
he emphasized the importance of uniform disease-specific reporting standards
for describing vascular interventions, their results, and complications. Dr.
Rutherford organized the committees that developed the current reporting
standards for the Society of Vascular Surgery (SVS), which was a major
contribution to the advancement of our specialty. This initiative expanded
globally when he co-chaired the first Transatlantic Consensus on Peripheral
Arterial Occlusive Disease, in 2000.

In 2005, the SVS honored Dr. Rutherford with its Lifetime Achievement
Award. This is the highest honor that the SVS bestows on one of its
members. It recognizes an individual’s outstanding and sustained contribu-
tions both to the profession of vascular surgery and to the Society, as well as
exemplary professional practice and leadership.

Throughout his career, Dr. Rutherford traveled widely as an invited
speaker. Despite his many accomplishments, he remained a humble, friendly
person, who would always listen to colleagues and provide unselfish help in
developing their careers. This tall vascular surgeon with a sparkle in his eye
was recognized around the world and appreciated by all.

Bob Rutherford and his wife, Kay, enjoyed downhill and cross-country
skiing in the Colorado mountains and sailing, windsurfing, tennis, and biking
in Colorado and their summer home in Maine. In recent years, Bob enjoyed
bird photography (especially in their winter home in North Padre Island),
playing piano, fishing, and golf. His interest in new topics clearly extended
to his recreational activities. He is survived by his wife of 58 years, their five
children, and many grandchildren.

Robert B. Rutherford was a surgeon-scholar who will be remembered
most because he was a “teacher’s teacher” who conceived and edited the
definitive vascular surgery textbook, lectured internationally, edited the
Journal of Vascular Surgery, and stressed the importance of knowing outcomes
through standard reporting. He made his scholarly mark on vascular surgery
throughout the world through his enthusiastic work, friendships, mentoring
of many colleagues, and tireless writing and editing. It was our distinct honor
to have worked with Bob on many projects over the years, and to have
become close personal friends. He is dearly missed by his many friends and
colleagues in the global vascular community.

Jack L. Cronenwett, MD
K. Wayne Johnston, MD, FRCS(C)
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This edition is dedicated to all of the students, residents, and fellows who have enriched
our academic careers by their desire for new knowledge.

And to our early mentors, S. Martin Lindenauer, MD; James C. Stanley, MD;
H. Edward Garrett, MD; Bernard Langer, MD; Ronald J. Baird, MD; and Donald R. Wilson, MD,

who inspired and encouraged us to pursue an academic career.

And to our wives, Debra Cronenwett and Jean Johnston, who have provided strong support
for all our academic endeavors.

And especially, to our founder, Robert B. Rutherford, MD, for his vision in creating this reference
textbook for all providers of vascular healthcare. We miss our dear friend, whose name lives on in this
important contribution—Rutherford’s Vascular Surgery.
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PREFACE

As we complete our work as editors of the eighth edition of
Rutherford’s Vascular Surgery, we are grateful on many levels.
We appreciate the insight and hard work of the founding
editor, Robert B. Rutherford, MD, who toiled through six
editions of this textbook. Bob was a giant in many ways, but
none more clearly than his enduring contribution of an ency-
clopedic reference that has elevated the quality of vascular
health care since 1976. He was truly a “teacher’s teacher.”

We have been honored to serve as editors of the seventh
and eighth editions and appreciate the opportunity afforded
to us by the Society of Vascular Surgery, which has assumed
responsibility for continued publication of this textbook. This
will be our last edition as editors, in part to establish a tradi-
tion that will provide opportunity for many skilled members
of our specialty to participate as editors.

We appreciate the great work done by our section editors
Ali AbuRhama, Jan Blankensteijn, Richard Cambria,
W. Darrin Clouse, Anthony Comerota, Alan Dardik, John
Eidt, Ronald Fairman, Alik Farber, Steven Fishman, Tom
Forbes, Julie Freischlag, Randy Geary, Peter Gloviczki,
Heather Gornik, Thomas Huber, Lois Killewich, Joseph
Mills, Greg Modrall, Marc Schermerhorn, Benjamin Starnes,
Charles Sternbergh, Carlos Timaran, Gilbert Upchurch, Fred
Weaver, and Eugene Zierler. In the eighth edition, we pur-
posely expanded the number of section editors in order to
distribute this large amount of work among more people.
Each section editor participated in author selection and
developed the content outline for his or her section. The
most work, of course, was done by the individual authors, who
were carefully selected for their expertise and scientific
accomplishments. We recognize that they worked many
hours without compensation to produce this educational
material for the benefit of their colleagues and patients. We
are especially grateful to each of them for this effort.

Finally, we are grateful for having been part of the evolu-
tion and revolutions in vascular surgery over our careers.

Comparing the first and eighth editions of “Rutherford,”
which span nearly 40 years, one is immediately struck by the
tremendous changes that have occurred and continue to
occur in vascular surgery. The predominant treatment of vas-
cular disease has become interventional, rather than open
surgery, and vascular surgeons have embraced and developed
these techniques. The current vascular specialist has an
increasingly diverse armamentarium of investigational tech-
niques and management options, thus augmenting the com-
plexity of decision making, as reflected in this textbook.

We are especially excited that the eighth edition of
Rutherford’s Vascular Surgery is available in an advanced elec-
tronic format both online and for e-readers. Accessible by
computer, tablet, or smart phone, this format provides text,
images, videos, web-linked references, self-study questions,
and bloglike interaction with authors and other readers. Most
importantly the electronic format allows continuous modifi-
cation of the text over time, thus creating a “living” textbook.
For example, articles published in the Jouwrnal of Vascular
Surgery and the European Journal of Vascular and Endovascular
Surgery will be added as new references to relevant chapters
each month. As editors, we have found it very gratifying to
participate in the development of these valuable features,
which are now part of the most modern publishing standards.
We hope that readers enjoy this textbook as much as we have
enjoyed assembling it.

In closing, we acknowledge the excellent work of the
production team at Elsevier, who have worked especially hard
to produce this edition in record time and to incorporate its
many new features—]Judy Fletcher, Vice President of Global
Content; Joanie Milnes, Content Development Specialist;
Stacy Matusik, Content Development Specialist; and Cindy
Thoms, Project Manager.

Jack L. Cronenwett, MD
K. Wayne Johnston, MD, FRCS(C)
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Epidemiology and
Clinical Analysis

LOUIS L. NGUYEN / ANN DEBORD SMITH

The goal of this chapter is to introduce the vascular surgeon
to the principles that underlie the design, conduct, and inter-
pretation of clinical research. Disease-specific outcomes
otherwise detailed in subsequent chapters will not be covered
here. Rather, this chapter discusses the historical context,
current methodology, and future developments in epidemiol-
ogy, clinical research, and outcomes analysis. This chapter
serves as a foundation for clinicians to better interpret clini-
cal results and as a guide for researchers to further expand
clinical analysis.

EPIDEMIOLOGY

¢

Epidemiology is derived from the Greek terms for “upon”
(epi), “the people” (demos), and “study” (logos), and can be
translated into “the study of what is upon the people.” It
exists to answer the four major questions of medicine: diag-
nosis, etiology, treatment, and prognosis.

Brief History

Hippocrates is considered to be among the earliest recorded
epidemiologists because he treated disease as both a group
event and an individual occurrence. His greatest contribution
to epidemiology was the linkage of external factors (climate,
diet, and living conditions) with explanations for disease.
Before widespread adoption of the scientific method, early
physicians inferred disease causality through careful observa-
tion. For example, they observed the geographic distribution
of cases or common factors shared by diseased versus healthy
persons. John Snow is recognized for ameliorating the cholera
epidemic in the Soho district of London in 1854 by identify-
ing the cause of the outbreak through mapping the location
of known cases of cholera in the district. Based on the density
and geographic distribution of cases, he concluded that the
public water pump was the source and had the pump handle
removed.’

Modern Developments

Modern epidemiology and clinical analysis seek to establish
causation through study design and statistical analysis.

2

Carefully designed studies and analyses can minimize the
risk of false conclusions and maximize the opportunity to
find causation when it is present. In other areas of biology,
causation can be demonstrated by fulfilling criteria, such
as Koch’s postulates for establishing the relationship between
microbe and disease. In epidemiology, the study design that
would offer ideal proof of causation would be comparison
of people with themselves in both the exposed and the
unexposed state. This impossible and unethical experiment
would control for everything, except the exposure, and thus,
establish the causality between exposure and disease. Because
this condition cannot exist, it is referred to as counter-
factual. Because the ideal study is impossible to conduct,
alternative study designs have developed with different risks
and benefits. The crossover experimental design, for example,
approaches the counterfactual ideal by exposing patients to
both treatment groups in sequence. However, the influence
of time and previous exposure to the other treatment assign-
ment may still affect the outcome (also known as the
carryover effect). Other study designs exist that include
techniques such as randomization or prospective data gath-
ering to minimize bias. Appropriate study design must be
selected based upon a study’s objectives. After a study is
complete, conclusions can be drawn from a carefully crafted
statistical analysis. Modern epidemiology includes applied
mathematical methods to quantify observations and draw
inferences about their relationships.

Evidence-based medicine is a relatively modern approach
to the practice of medicine that aims to qualify and encourage
the use of currently available clinical evidence to support a
particular treatment paradigm. This practice encourages the
integration of an individual practitioner’s clinical expertise
with the best currently available recommendations from
clinical research studies.” Relying on personal experience
alone could lead to biased decisions, whereas relying solely
on results from clinical research studies could lead to inflex-
ible policies. Evidence-based medicine stratifies the strength
of the evidence from clinical research studies based on study
design and statistical findings (Table 1-1). The criteria differ
when the evidence is sufficient to support a specific therapeu-
tic approach, prognosis, diagnosis, or other health services
research. Criteria also differ among research institutions,



Table 1-1 Levels of Evidence for Therapeutics

Level Evidence
1a Systematic reviews of RCT studies with homogeneity
1b Individual RCT with narrow confidence intervals
1c “All or none” trials*
2a Systematic reviews of cohort studies with homogeneity
2b Individual cohort studies
2c Clinical outcomes studies
3a Systemic reviews of case-control studies with homogeneity
3b Individual case-control studies
Case-series studies
5 Expert opinion without critical appraisal or based on bench

research

Adapted from Oxford Centre for Evidence-based Medicine (2001).

RCT, Randomized controlled trial.

*In which all patients died before the therapeutic became available, but
some now survive with it, or in which some patients survived before the
therapeutic became available, but now none die with it.

including the U.S. Preventive Services Task Force and the
U.K. National Health Service. However, common themes
can be seen among the different fields. Systematic reviews
with homogeneity are preferred over single reports, whereas
randomized controlled trials (RCTs) are preferred over cohort
and case-control studies. Even within similar study design
groupings, the statistical strength of each study is evaluated,
with preference for studies with large numbers, complete and
thorough follow-up, and results with small confidence inter-
vals. Clinical recommendations are then based on the avail-
able evidence and are further graded according to their

strengths (Table 1-2).

CLINICAL RESEARCH METHODS

Although measuring the incidence and prevalence of disease
is useful in the initial understanding of a disease process,
additional techniques must be used to identify risk factors and
test treatments for disease. The choice of study design and

Table 1-2 Grades of Recommendation

Grade = Recommendation Basis

A Strong evidence to support Consistent level 1 studies
practice

B Fair evidence to support Consistent level 2 or 3
practice studies or extrapolations

from level 1 studies

C Evidence too close to make Level 4 studies or
a general extrapolation from level
recommendation 2 or 3 studies

D Evidence insufficient or Level 5 evidence or

conflicting to make a
general recommendation

inconsistent studies of
any level

Adapted from U.S. Preventive Services Task Force Ratings (2003) and Oxford

Centre for Evidence-based Medicine (2001).
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statistical analysis technique depends on the available data,
the hypothesis being tested, and patient safety and/or ethical
concerns.

Study Design

Clinical research can be broadly divided into observational
studies and experimental studies. Observational studies are
characterized by the absence of a study-directed intervention,
whereas experimental studies involve testing a treatment, be
it a drug, a device, or a clinical pathway. Observational
studies can follow ongoing treatments but cannot influence
choices made in the treatment of a patient. Observational
studies can be executed in a prospective or retrospective
fashion, whereas experimental studies can be performed only
prospectively.

Two factors that affect choice of study design include
prevalence and incidence of disease. The prevalence of
disease is the ratio of persons affected for the population at
risk and reflects the frequency of the disease at the measured
time point, regardless of the time of disease development. In
contrast, the incidence is the ratio of persons in whom the
disease develops within a specified period for the population
at risk. For diseases with short duration or high mortality,
prevalence may not accurately reflect the impact of disease
because the single time point of measurement does not
capture resolved disease or patients who died of the disease.
Prevalence is a more useful parameter when discussing dis-
eases of longer duration, whereas incidence is more useful for
diseases of shorter duration.

Observational Studies

There are two main types of observational studies: cohort and
case-control studies. A cohort is a designated group of indi-
viduals that is followed over a period of time. Cohort studies
seek to identify a population at risk for the disease of interest.
After a period of observation, patients in whom the disease
develops are compared with the population of patients who
are free of the disease. Cohort studies are most often associ-
ated with epidemiology because they comprise many of the
most prominent studies in the modern era. The classic example
is the Framingham Heart Study (FHS), in which 5209 resi-
dents of Framingham, Massachusetts, were monitored pro-
spectively, starting in 1948.” Much of our epidemiologic
knowledge regarding risk factors for heart disease comes from
the FHS.* Although the FHS was initially intended to last 20
years, the study has subsequently been extended and now
involves the third generation of participants. Cohort studies
also seek to identify potential risk factors for development of
the disease of interest. For example, if cigarette smoking is
suspected in the development of peripheral arterial disease
(PAD), smokers are assessed for the development of PAD from
the beginning of the observation period to the end of the
observation period. Because PAD does not develop in all
smokers, and conversely, not all PAD patients are smokers, a
relative risk (RR) is calculated as the ratio of the incidence of
PAD in smokers versus the incidence of PAD in nonsmokers.
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4 SECTION 1 Basic Science

For diseases with low frequency, it is not cost effective to
use a cohort study design. Instead, a case series seeks to pro-
spectively follow or to retrospectively report findings of
patients known to have the disease. This method is also com-
monly used to identify patients with a yet unknown disease
by linking common risk factors or disease manifestations.
Most often, findings from a case series are compared with
findings in patients without the disease (control group) in a
case-control study. Case-control studies are less costly and
time consuming because the existence of the disease is the
starting point. Risk factors correlated with disease can be
deduced by comparisons between the two groups. In this
retrospective design, an odds ratio (OR) is calculated from
the ratio of patients exposed to patients not exposed to the
risk factor. This differs from RR, in that the starting cohort
is estimated only in case-control studies. The use of ORs
reflects Bayesian inference, in which observations are used to
infer the likelihood of a hypothesis. Bayesians describe prob-
abilities conditional on observations and with degrees of
uncertainty. In contrast, the alternative probability theory of
Frequentists relies only on actual observations gained from
experimentation.

The main challenge in case-control studies is to identify
an appropriate control group with characteristics similar to
those of the general population at risk for the disease. Inap-
propriate selection of the control group may lead to the
introduction of additional confounding and bias. For example,
matched case-control studies aim to identify a control group
“matched” for factors found in the exposure group. Unfortu-
nately, by matching even basic demographic factors, such as
gender and the prevalence of comorbid conditions, unknown
co-associated factors can also be included in the control
group and may affect the relationship of the primary factor
to the outcome. Appropriate selection of the control group
can be achieved by using broad criteria, such as time, treat-
ment at the same institution, age boundaries, and gender
when the exposure group consists of only one gender.

Experimental Studies

Experimental studies differ from observational studies in that
the former expose patients to a treatment being tested. Many
experimental trials involve randomization of patients to the
treatment group or appropriate control group. Although ran-
domization ensures that known factors are evenly distributed
between the exposure and control groups, the importance of
RCTs lies in the even distribution of unknown factors. Thus,
a well-designed RCT will result in more simplified endpoint
analyses because complex statistical models are not necessary
to control for confounding factors.

Randomization can be accomplished by complete ran-
domization of the entire study population, by block ran-
domization, or by adaptive randomization. For complete
randomization, each new patient is randomized without prior
influence on previously enrolled patients. The expected
outcome at the completion of the trial is an equal distribu-
tion of patients within each treatment group, although
unequal distribution may occur by chance, especially in small

trials. Block randomization creates repeated blocks of patients
in which equal distribution between treatment groups is
enforced within each block. Block randomization ensures
better end randomization and periodic randomization during
the trial. End randomization is important in studies with
long enrollment times or in multi-institutional studies that
may have different local populations. Because the assignment
of early patients within each block influences the assignment
of later patients, block randomization should occur in a
blinded fashion to avoid bias. Intrablock correlation must
also be tested in the final analysis of the data. Adaptive
randomization seeks to achieve balance of assignment of
randomization for a prespecified factor (e.g., gender or previ-
ous treatment) suspected of affecting the treatment outcome.
In theory, randomization controls for these factors, but
unique situations may require stricter balance.

RCTs can be classified according to knowledge of the
randomization assignment by the treating clinicians and their
patients. In open trials, the clinician and patients know the
full details of the treatment assignment. This leaves the
potential for bias in interpretation of results and may also
influence study patients to drop out if they are randomized
to a treatment group that they perceive to be unfavorable.
Open trials are often conducted for surgical patients, where
it is not possible or ethical to conceal the treatment assign-
ment from the patient or the provider. In single-blinded
trials, the clinician is aware of the treatment assignment,
but the patient is not. These studies have more effective
controls, but are still subject to clinician bias. Double-blinded
trials are conducted so that both clinicians and patients are
unaware of the treatment assignment. Often, a separate
research group is responsible for the randomization allocation
and has minimal or no contact with the clinicians and
patients.

Experimental studies face stricter ethical and patient
safety requirements than their observational counterparts.
To expose patients to randomization of treatment, clinical
equipoise must exist. The principle of equipoise relies on a
situation in which clinical experts professionally disagree on
the preferred treatment method.” Thus, randomization of
study patients to different treatments is justified to gain clini-
cal information. Ideally, the patients being tested or their
population counterparts would benefit from any medical
knowledge gained from the study. It is worth noting that
although the field may have equipoise, individual health care
providers or patients may have bias for one treatment. In
such a case, enrollment in an RCT may be difficult because
the patients or their providers are not willing to be subject
to randomization.

Although RCTs represent the pinnacle in clinical design,
there are many situations in which RCTs are impractical or
impossible. Clinical equipoise may not exist, or common
sense may prevent randomization of well-established prac-
tices, such as the use of parachutes.” RCTs are also costly to
conduct and must generate a new control group with each
trial. For this reason, some studies are single-arm trials that
use historical controls similar to the case-control design. In



addition, patient enrollment for RCTs is more difficult than
for other trial designs because some patients and clinicians
are uneasy with the randomization of treatment. They may
have preconceived notions of treatment efficacy or may have
an inherent aversion to being randomized, even when they
know that equipoise exists. This risk aversion may be greatest
for more life-threatening conditions, although patients in
whom conventional treatment has been unsuccessful may be
accepting of greater risk to obtain access to novel treatments
otherwise not available outside the clinical trial. RCTs can
also have methodological and interpretative limitations. For
example, study patients are analyzed by their assigned ran-
domization grouping (intent to treat). Studies with asym-
metric or numerous overall dropout and/or crossover rates
will not reflect actual treatment effects. RCTs are often con-
ducted in high-volume specialty centers; as a result, enroll-
ment and treatment of study patients may not reflect the
general population with the disease. Finally, RCTs are often
designed and powered to test one hypothesis. A statistically
nonsignificant result may be influenced by inaccurate assump-
tions made in the initial power calculations.

Special Techniques: Meta-Analysis

Meta-analysis is a statistical technique that combines the
results of several related studies to address a common hypoth-
esis. The first use of meta-analysis in medicine is attributed
to Smith and Glass in their review of the efficacy of psycho-
therapy in 1977.” By combining results from several smaller
studies, researchers may decrease sampling error, increase sta-
tistical power, and thereby help clarify disparate results among
different studies.

The related studies must share a common dependent vari-
able along with the effect size specific to each study. The
effect sizes are not merely averaged among the studies, but
are weighted to account for the variance in each study.
Because studies may differ in patient selection and their asso-
ciated independent variables, a test for heterogeneity should
also be performed. Where no heterogeneity exists (P > .5), a
fixed-effects meta-analysis model is used to incorporate the
within-study variance for the studies included, whereas a
random-effects model is used when concern for between-
study variance exists (.5 > P > .05). When heterogeneity
among studies is found, the OR should not be pooled, and
further investigation for the source of heterogeneity may then
exclude outlying studies.

The weighted composite dependent variable is visually
displayed in a forest plot along with the results from each
study included. Each result is displayed as a point estimate
with a horizontal bar representing the 95% confidence inter-
val for the effect. The symbol used to mark the point estimate
is usually sized proportional to other studies to reflect the
relative weight of the estimate as it contributes to the com-
posite result (Fig. 1-1). Classically, meta-analyses have
included only RCTs, but observational studies can also be
used.® Inclusion of observational studies can result in greater
heterogeneity through uncontrolled studies or controlled
studies with selection bias.
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The strength of a meta-analysis comes from the strength
of the studies that make up the composite variable. Further-
more, if available, the results of unpublished studies can also
potentially influence the composite variable, because presum-
ably many studies with nonsignificant results are not pub-
lished. Therefore, an assessment of publication bias should be
included with every meta-analysis. Publication bias can be
assessed graphically by creating a funnel plot in which the
effect size is compared with the sample size or other measure
of variance. If no bias is present, the effect sizes should be
balanced around the population mean effect size and decrease
in variance with increasing sample size. If publication bias
exists, part of the funnel plot will be sparse or empty of
studies. Begg’s test for publication bias is a statistical test that
represents the funnel plot’s graphic test.'® The variance of the
effect estimate is divided by its standard error to give adjusted
effect estimates with similar variance. Correlation is then
tested between the adjusted effect size and the meta-analysis
weight. An alternative method is Egger’s test, in which the
study’s effect size divided by its standard error is regressed on
1/standard error.'" The intercept of this regression should
equal zero, and testing for the statistical significance of
nonzero intercepts should indicate publication bias.

Bias in Study Design

Clinical analysis is an attempt to estimate the “true” effects
of a disease or its potential treatments. Because the true
effects cannot be known with certainty, analytic results carry
potential for error. All studies can be affected by two broadly
defined types of error: random error and systematic error.
Random error in clinical analysis comes from natural varia-
tion and can be handled with the statistical techniques
covered later in this chapter. Systematic error, also known as
bias, affects the results in one unintended direction and can
threaten the validity of the study. Bias can be further catego-
rized into three main groupings: selection bias, information
bias, and confounding.

Selection bias occurs when the effect being tested differs
among patients who participate in the study as opposed to
those who do not. Because actual study participation involves
a researcher’s determination of which patients are eligible for
a study and then the patient’s agreement to participate in the
study, the decision points can be affected by bias. One
common form of selection bias is self-selection, in which
patients who are healthier or sicker are more likely to par-
ticipate in the study because of perceived self-benefit. Selec-
tion bias can also occur at the level of the researchers when
they perceive potential study patients as being too sick and
preferentially recruit healthy patients.

Information bias exists when the information collected in
the study is erroneous. One example is the categorization of
variables into discrete bins, as in the case of cigarette smoking.
If smoking is categorized as only a yes or no variable, former
smokers and current smokers with varying amounts of con-
sumption will not be accurately categorized. Recall bias is
another form of information bias that can occur particularly

n
les]
0
=
—
o
Z
—

3DON3IDS DISvd



6 SECTION 1 Basic Science

Study (Rglgsorz(a:t;? % Weight
Naylor (1998)a , 11.92 (0.73, 193.38) 05
Brooks (2001)b ! 0.32 (0.01, 7.70) 15
Wallstent (2001)c o 2.72 (1.00, 7.37) 4.9
CAVATAS (2001)d . 1.01 (0.60, 1.71) 249
Maydoon (2002)e ! 0.70 (0.15, 3.20) 42
Sapphire (2004)f ! 0.89 (0.35, 2.25) 9.0
CaRESS (2005)9 ' 0.59 (0.16, 2.15) 6.5
SPACE (2006)h 1.19 (0.79, 1.80) 38.4
EVA-3S (2006)i L 2.47 (1.21, 5.04) 10.1
Brooks (2004)i ! (Excluded) 0.0
|

Overall (95% Cl) ' 1.30 (1.01, 1.67)

T T T

A 1 10

Risk ratio

<Favors CAS | [Favors CEA>

2Naylor AR, et al: Randomized study of carotid angioplasty and stenting versus carotid endarterectomy:

a stopped trial. J Vasc Surg 28:326-334, 1998.

®Brooks WH, et al: Carotid angioplasty and stenting versus carotid endarterectomy: randomized trial in a

community hospital. J Am Coll Cardiol 38:1589-1595, 2001.

° Alberts MJ: Results of a multicenter prospective randomized trial of carotid artery stenting vs carotid

endarterectomy. Stroke 32:325, 2001.

dEndovascular versus surgical treatment in patients with carotid stenosis in the Carotid and Vertebral Artery
Transluminal Angioplasty Study (CAVATAS): a randomised trial. Lancet 357:1729-1737, 2001.

¢ Madyoon H, et al: Unprotected carotid artery stenting compared to carotid endarterectomy in a community

setting. J Endovasc Ther 9:803-809, 2002.

"Yadav JS, et al: Protected carotid-artery stenting versus endarterectomy in high-risk patients.

N Engl J Med 351:1493-1501, 2004.

9Carotid Revascularization Using Endarterectomy or Stenting Systems (CaRESS) phase | clinical trial: 1-year

results. J Vasc Surg 42:213-219, 2005.

N SPACE Collaborative Group, et al: 30 day results from the SPACE trial of stent-protected angioplasty versus
carotid endarterectomy in symptomatic patients: a randomised non-inferiority trial. Lancet

368:1239-1247, 2006.

Mas JL, et al: Endarterectomy versus stenting in patients with symptomatic severe carotid stenosis.

N Engl J Med 355:1660-1671, 2006.

I Brooks WH, et al: Carotid angioplasty and stenting versus carotid endarterectomy for treatment of
asymptomatic carotid stenosis a randomized trial in a community hospital. Neurosurgery

54:318-324, discussion 324-325, 2004.

in case-control studies. For example, patients with abdominal
aortic aneurysms may seemingly recall possible environmen-
tal factors that put them at risk for the disease. However,
patients without aneurysms may not have a comparable
imperative to stimulate memory of the same exposure.
Confounding is a significant factor in epidemiology and
clinical analysis. Confounding exists when a second spurious
variable (e.g., race/ethnicity) correlates with a primary inde-
pendent variable (e.g., type 2 diabetes) and its associated
dependent variable (e.g., critical limb ischemia). Researchers
can conclude that patients in certain race/ethnicity groups
are at greater risk for critical limb ischemia when diabetes is
actually the stronger predictor. Confounding by indication is
especially relevant in observational studies. This can occur
when, without randomization, patients being treated with a

Figure 1-1 Example of a forest plot
from a meta-analysis of carotid artery
stenting (CAS) versus carotid endarter-
ectomy (CEA) to determine 30-day risk
for stroke and death. C/, Confidence
interval. (Redrawn from Brahmanandam
S, etal: Clinical results of carotid artery
stenting compared with endarterectomy.
JVasc Surg 47:343-349, 2008.)

drug can show worse clinical results than untreated counter-
parts because treated patients were presumably sicker at base-
line and required the drug a priori. Confounding can be
addressed by several methods: assigning confounders equally
to the treatment and control groups (for case-control studies);
matching confounders equally (for cohort studies); stratifying
the results according to confounding groups; and multivariate
analysis.

OUTCOMES ANALYSIS

As physicians, we can usually see the natural progression of
disease or the clinical outcome of treatment. Although these
observations can be made for individual patients, general
inferences about causation and broad application to all



patients cannot be made without further analysis. Clinical
analysis attempts to answer these questions by either observ-
ing or testing patients and their treatments. Because clinical
analysis can be performed only on a subset or sample of the
relevant entire population, a level of uncertainty will always
exist in clinical analysis. Statistical methods are an integral
aspect of clinical analysis because they help the researcher
understand and accommodate the inherent uncertainty in a
sample in comparison to the ideal population. In the follow-
ing sections, common clinical analytic methods are reviewed
so that the reader can better interpret clinical analysis and
also have foundations to initiate an analysis. Reference to
biostatistical and econometric texts is recommended for
detailed derivation of the methods discussed.

Statistical Methods

At the beginning of most clinical analyses, descriptive statis-
tics are used to quantify the study sample and its relevant
clinical variables. Continuous variables (such as weight or
age) are expressed as means or medians; categorical variables
(such as the Trans-Atlantic Society Consensus [TASC] Clas-
sification: A, B, C, or D) are expressed as numbers or percent-
ages of the total. Study sample characteristics and their
relative distribution of comorbid conditions help determine
whether the sample is consistent with known population
characteristics, and hence, addresses the issue of generaliz-
ability of the clinical results to the overall population.

The next step in clinical analysis is hypothesis testing, in
which the factor or treatment of interest is tested against a
control group. The statistical methods used in hypothesis
testing depend on the research question and characteristics
of the data under comparison (Box 1-1). At its core, hypoth-
esis testing asks whether the observable differences between
groups represent a true difference or an apparent difference
attributable to random error. A variety of statistical tests are
available to accommodate the types of data being analyzed.

One major distinguishing characteristic of data is whether
it fits a normal (or Gaussian) distribution, where the distribu-
tion of continuous values is symmetric and has a mean of 0
and a variance of 1. Gaussian distributions are one example
of parametric data in which the form of the distribution is
known. In contrast, nonparametric data are not symmetric
around a mean, and the distribution of the data is not well
known. Nonparametric statistical methods are thus used
because fewer assumptions about the shape of the distribution
are made. In general, nonparametric methods can be used for
parametric data to increase robustness, but at a cost of statisti-
cal power. However, the use of parametric methods for non-
parametric data or data containing small samples can lead to
misleading results.

Regression Analysis

Among the statistical tests available, a few deserve special
mention because of their common application to the clinical
analysis of studies of vascular patients. Regression analysis is
a mathematical technique in which the relationship between

CHAPTER 1 Epidemiology and Clinical Analysis 7

BOX 1-1
CHOOSING STATISTICAL TESTS BASED ON RESEARCH
QUESTION AND DATA CHARACTERISTICS

IS THERE A DIFFERENCE BETWEEN MEANS, MEDIANS,
AND PROPORTIONS?

One Group

+ Parametric data: one sample t-test

+ Nonparametric data: sign test, Wilcoxon signed rank test,
transform data for t-test

« Proportions: exact binomial test, z approximation to exact test

Two Independent Groups

+ Parametric data: t-test
+ Nonparametric data: Wilcoxon rank-sum test
* Proportions: y? or Fisher's exact test

Two Related Groups

« Parametric data: paired t-test
» Nonparametric data: sign test, Wilcoxon signed rank test
* Proportions: McNemar test or x statistic

Three or More Independent Groups

+ Parametric data: analysis of variance (ANOVA)
* Nonparametric data: Kruskal-Wallis test
+ Proportions: %” or Fisher’s exact test

Three or More Related Groups
+ Parametric data: repeated-measures ANOVA
» Nonparametric: ANOVA by ranks

IS THERE AN ASSOCIATION?

Two Comparable Variables

+ Nominal data: relative risk
+ Ordinal data: Spearman’s rank correlation test
+ Continuous data: linear regression

One Dependent Variable and Two or More Independent Variables

+ Binary dependent variable: logistic regression

« Categorical dependent variable: analysis of covariance (ANCOVA)

« Continuous dependent variable: multiple linear regression

+ Censored observations: Cox proportional hazards (CPH) model

« Clustered or hierarchic parametric data: linear mixed models

« Clustered or hierarchic semi-parametric data: generalized
estimating equations (GEE)

a dependent (or response) variable is modeled as a function
of one or more independent variables, an intercept, and
an error term. General linear models take the form Y = 3, +
Bix; + Bxz + ... + Puxs + e, although the model can take
quadratic and higher functions of x and still be considered in
the linear family. The coefficients (B;, B;, etc.) are model
parameters calculated to “fit” the data, as commonly done
with the least-squares method. They describe the magnitude
of effect that each independent variable (x) has on the
dependent variable (Y). The goodness of fit for the model is
tested by using the R? value and analysis of residuals. R” is
the proportion of variability that is accounted for by the
model and has a range of O to 1. Although higher R? values
imply better fit, there is no defined threshold for goodness of
fit, because R? can be unintentionally increased by adding
more variables to the model. For binary dependent variables,
a logistic (logit) regression is used, whereas for continuous
dependent variables, linear regression is used (Box 1-1).
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Survival Analysis

Survival analysis is a statistical method used to evaluate death
or failure as related to time. Key variables needed for analysis
include event status (e.g., graft patency or failure, patient
living or dead) and the timing of that status measurement.
Survival analysis also incorporates censorship, in which data
about the event of interest are unknown because of with-
drawal of the patient from the study. Traditionally, in clinical
analysis, “death” is the event variable, and “loss to follow-up”
is the censorship variable. In vascular surgery, where graft
patency is more often the endpoint of interest, “graft patency”
is treated as the event variable and “death or study with-
drawal” is treated as the combined censoring variable. This
assumes that censorship (death) is not due to the event (loss
of graft patency); however, this assumption cannot be held
true in other fields, such as oncology (death attributable to
failure of cancer treatment) or cardiac surgery (death caused
by loss of coronary artery bypass graft patency).

In essence, survival analysis accounts for event status
between fixed periods of measurement. For example, in tra-
ditional methods, if graft patency is measured only after 1
year, a graft that fails at 30 days is statistically treated the
same as a graft that fails on day 364. Similarly, a graft that
was patent at 360 days but was lost to follow-up is treated the
same as a graft that was patent but lost to follow-up at 60
days. In contrast, life-tables measure events at fixed intervals

due to nontechnical index graft failure (%)

Patients with revision or major amputation

e = Edifoligide (p = 707)
m = Placebo (p = 807)
O = Censor edifoligide
O = Censor placebo

<6 mo SP 80.7 + 4.6%
>6 mo SP 79.5 + 5.6%

>6 mo PP 56.8 = 6.6%
<6 mo PP 42.9 + 6%

Figure 1-2 Example of life-table analysis of primary
patency (PP) and secondary patency (SP) of bypass grafts
after being revised before or after 6 months from the index
operation. (Redrawn from Nguyen LL, et al: Infrainguinal vein
bypass graft revision: factors affecting long-term outcome.
JVasc Surg 40:916-923, 2004.)

(e.g., every 30 days), so occurrences before 365 days are
accounted for (Fig. 1-2)."? Such analysis allows greater preci-
sion of events, but resolution is still limited to fixed time
points. In the Kaplan-Meier (KM) method, each event is
recorded at the time of occurrence, without the need for fixed
time frames (Fig. 1-3)." Although the KM method allows
more precise analysis of events and censorship, life-tables are
still appropriate when only predetermined periodic measure-
ment of events is available or when arbitrary important mile-
stones are of interest, such as 1-year graft patency or patient
survival.

The strength of survival analysis really lies in the ability
to statistically account for censored data. The KM estimator
(also known as the product-limit estimator) is the nonpara-
metric maximum likelihood estimator of the survival func-
tion, which is based on the probability of an event conditional
on reaching the time point of the previous event. The life-
table method (or actuarial method) treats censored events as
though they occurred at the midpoint of the time period.
Most commonly, the Greenwood formula is used to calculate
the standard error of the KM and life-table estimator for
independent events.

Several tests are commonly used to test for differences
between survival functions. The log-rank test adds observed
and expected events within each group and sums them
across all time points containing events. The log-rank sta-
tistic serves as the basis for the proportional hazard model

Figure 1-3 Example of Kaplan-Meier analysis of the effect
of edifoligide on nontechnical graft failure. Each mark rep-
resents an event (graft failure) or censor (death or dropout).
(Redrawn from Conte MS, et al: Results of PREVENT IIIl: a mul-

0 50 100 150 200 250 300 350

Time (months)

T ticenter, randomized trial of edifoligide for the prevention of
400  vein graft failure in lower extremity bypass surgery. J Vasc Surg
43:742-751, discussion 751, 2006.)



(discussed later). In contrast, the Wilcoxon test is the log-
rank test weighted by the number of patients at risk for each
time point. Mathematically, the Wilcoxon test gives more
weight to early time points and is thus less sensitive than
the log-rank test to differences between groups that occur
at later time points. Unlike the parametric log-rank and
Wilcoxon tests, Cox proportional hazard models assume that
the underlying hazard (risk) function is proportional over
time, so that parameters can be estimated without compete
knowledge of the hazard function. Other hazard models,
such as the exponential, Weibull, or Gompertz distributions,
instead assume knowledge of the hazard function. The Cox
proportional hazard assumption allows the application of
survival analysis techniques to multivariable models because
individual hazards do not have to be specified for each
independent variable in the model.

Propensity Scoring

Propensity scoring is a statistical method that seeks to control
for confounding. It is used most often to control for con-
founding by indication, where patients have already been
assigned a treatment based on unspecified reasons. For each
patient, a propensity score is generated to reflect the condi-
tional probability of being in a treatment group based on
known variables. In essence, this balances the treatment
groups to allow testing of the treatment effect and is analo-
gous to randomization. Two common methods of obtaining
balanced groups are available: trimming and reweighting. In
trimming, patients at the extremes of the propensity score are
eliminated from the analysis so that the remaining cohorts
are more comparable matches. In reweighting, all patients are
kept in the analysis, but their characteristics are reweighed
to provide equivalency between groups.

Limitations of propensity methods include an inability to
control for unknown confounders (a feat that RCTs manage).
Furthermore, the variables used to create the propensity score
must be carefully chosen to reflect potential predictors of
treatment assignment, but not outcomes of assignment. Despite
these drawbacks, when an RCT is not possible or practical,
propensity scoring methods are useful for providing some
insight in comparing treatment groups. Propensity score
methods have also been used for other purposes, including
nesting covariates for multivariable regression models and
generation of reweighted estimating equations to rebalance
weights from missing data.

Errors in Hypothesis Testing

The null hypothesis is the default position of no difference
between two or more groups. Because the null hypothesis can
never be proven, hypothesis testing can only reject or fail to
reject the null hypothesis. Two types of errors can be made
in hypothesis testing. A type I error is rejection of the null
hypothesis when the null hypothesis is true. Alpha (o) is the
probability of making a type I error. The P value is calculated
from statistical testing and represents the probability of
obtaining a result as extreme or more extreme than the results
observed. Commonly, o, is set at .05, and a P value less than
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o would reject the null hypothesis. Because o = .05 is an
arbitrary setting, many will report actual P values to more
precisely communicate statistical significance. Stricter o can
be used when concern for a type I error is heightened, as in
the testing of a large number of independent variables. For
example, if 20 variables are tested, 1 variable (on average) is
expected to be falsely positive with an o of .05. Accordingly,
a stricter o of .01 or less may be required to reduce type 1
error. Conversely, a more relaxed o (typically .20) can be used
in building stepwise regression models to be more inclusive
of borderline variables.

A type Il error is failure to reject the null hypothesis when
the null hypothesis is false. Beta (B) is the probability of
making a type Il error. Power is defined as the probability of
rejecting the null hypothesis when it is false (or concluding
that the alternative hypothesis is true when it is true). In
other words, power is the ability of a study to detect a true
difference. Power is calculated as 1 — 3 and is closely related
to sample size. Power analysis can be performed before or after
data collection. A priori power analysis is used to determine
the sample size needed to achieve adequate power for a study.
Post hoc power analysis is used to determine the actual power
of the study. Power analysis requires specification of several
parameters, including o (usually .05), the level of power
desired (usually 80%), expected effect size, and variance.
Variance is simply estimated from previous measurements of
related outcomes. However, the expected effect size is a
parameter most susceptible to unintended influence. Setting
the expected effect size too small decreases type I error, but
also decreases power and results in the necessity of enrolling
larger numbers of patients. Setting the expected effect size
too large allows lower enrollment numbers, but at the cost of
type I error. The actual calculation for necessary sample size
depends on the expected statistical test for the data and can
be performed by using “power calculators” available at statis-
tics websites or with statistical software packages.

Statistical and Database Software

Before the widespread use of computers, statistics were calcu-
lated by hand through tedious procedures. Statistical software
and computing power have greatly improved the ability and
efficiency of statisticians and clinical researchers. Even the
rapid advancements in desktop computing ability in the last
decade have resulted in faster analysis of larger amounts of
data via more complex modeling. At its core, statistical soft-
ware requires user coding of specific commands to perform
data analysis and database manipulation. SAS (originally
Statistical Analysis System) was created by Anthony Barr
from his work as a graduate student at North Carolina State
University in the early 1960s. He and other collaborators
later created the SAS Institute in 1976 to commercialize the
statistical package. SAS statistical software is widely used in
clinical analysis of large trials, epidemiology, the insurance
industry, and other business applications of data mining. Fre-
quently, the development of new statistical techniques is
included as new SAS commands or macros. Stata was created
by Statacorp and is the other widely used statistical program,
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especially in the social sciences and economics. Stata can
open only one data set at a time and hold it in virtual
memory, which can limit its use for very large data sets.
Both SAS and Stata also have graphics user interfaces
(GUIs) that automate or facilitate statistical analysis without
exposing the user to the complexities of coding, although
most users of these packages prefer the native coding inter-
face. Most other statistical packages, such as SPSS (originally
Statistical Package for the Social Sciences), JMP, and Minitab,
are promoted with GUIs and pulldown menus as the primary
interface for performing statistical tests. Another statistical
package that is rapidly gaining in popularity is R, particularly
because it is both free and highly functional. It is available
with only a very limited GUI. However, others have created
more elaborate GUIs that are available for download. We do
not recommend one product over another, but do recom-
mend that clinical researchers be familiar with at least one
of these widely used packages. The choice often depends on
the preferences of the local institution or research field. For
those so inclined, direct statistical coding allows greater flex-
ibility and creativity in data analysis and modeling than GUIs
can provide. Even when clinicians rely on full-time statisti-
cians to perform the analysis, detailed interpretation of raw
statistical output requires some basic knowledge of the statis-
tical software used to generate the results.

Functional Studies
Traditionally, the ankle-brachial index (ABI) has been

widely used to screen for peripheral vascular disease and to
quantify its severity. ABI has also been correlated with
walking ability, quality of life (QoL),"* and cardiovascular
comorbidity.” In addition, ABI has been used as a measure
of success in PAD revascularization. Despite its utility, ABI
does not directly measure PAD functional performance,
namely, walking performance in claudication patients. Fur-
thermore, traditional ABI measurements are obtained from
patients at rest in the supine position rather than during
activity, where tissue demand, increased cardiac output, and
vasodilatation may alter ABI measurements. Treadmills were
first used to diagnose and evaluate cardiopulmonary function,
but have since been applied to walking performance as well.
Patients are asked to walk on the treadmill, and their clau-
dication pain distance and maximal walking distance are
recorded. Constant-load exercise testing consists of a fixed
speed and treadmill grade, whereas in graded treadmill
testing, the slope is increased at each interval (e.g., 2% grade
every 2 minutes). Graded testing has the advantage of a
broader range of walking challenge to patients and increases
the likelihood that they will reach their claudication pain
distance and maximal walking distance within testing times.
Because being in a walking program itself is associated with
improved walking performance, frequent treadmill testing
must have appropriate controls to better distinguish the treat-
ment effect being studied.

Many elderly or disabled patients are uncomfortable or
unable to walk on a treadmill where parameters such as speed

and incline are predetermined. The 6-minute walking test
was initially designed to test the functional capacity of
patients with chronic congestive heart failure,'® but it has
now been extended to test patients with claudication'” and
other cardiopulmonary processes. Patients are asked to walk
for 6 minutes at their own pace on level ground and with
periodic resting if needed. This allows patients to control
their walking speed and allows them to better demonstrate
their real-life walking ability. Recently, global positioning
satellite (GPS) monitors have been used to assess walking
distance and speed during a dedicated outdoor walk.'® This
new technology allows remote testing of patients and may be
a more realistic reflection of their walking capability.

Quality of Life

Quality of life is the degree of wellness felt by an individual.
QoL is generally considered a composite of two broadly
defined domains: physical and psychological. Although the
components of each domain can be measured, each indi-
vidual patient’s overall QoL cannot be predicted because
the effects are not necessarily similar among individuals.
However, one can assume that for populations, higher physi-
cal and psychological domains generally lead to higher QoL.
Health-related QoL (HRQoL) measures focus on health-
related physical and psychological attributes, although it can
be hard to isolate non—health-related factors influencing
overall QoL.

Because QoL cannot be measured directly, surveys (also
known as instruments) are used to obtain necessary informa-
tion. When compared with other clinical methods, surveys
have low cost and allow efficient collection of information
from a large number of participants. However, surveys are
susceptible to variability in response as a result of temporary
motivational states, cultural and language differences, and
other impairments affecting survey completion. Several
instruments have been developed for both specific disease
fields and for general applicability. Instruments cannot be
developed to suit specific needs without undergoing validity
and reliability testing. Validity is the degree to which an
instrument measures what it was intended to measure. Valid-
ity has several aspects, including the ability of the instrument
to support the causal effect being tested (internal validity),
generalize the effect to the larger population from which
the sample was drawn (statistical validity), support the
intended interpretation of the effect (construct validity),
and support the generalization of results to external popula-
tions (external validity). Reliability is the consistency of
the instrument if it were to be repeated on the same par-
ticipant under identical conditions. Reliability can be tested
by multiple administration of the test to the same participant
or by single administration of the test to a divided partici-
pant population. Reliability does not imply validity because
an instrument can measure an effect consistently, but that
effect may not be the causal effect being studied. Reliability
is analogous to precision, whereas validity is analogous to
accuracy.



Health-Related, Quality-of-Life Survey Instruments

Types of Survey Instruments. The Short Form (36 ques-
tions) Health Survey (SF-36) is perhaps the best known
HRQoL instrument; it has been used in more than 4000
medical publications, applied to 200 different diseases and
conditions, and translated for use in 22 different countries.
The SF-36 consists of 36 questions that yield an eight-scale
profile of functional healing and well-being."” The physical
component summary is composed of physical functioning,
role (physical), body pain, and general health, whereas the
mental component summary is composed of vitality, social
functioning, role (emotional), and mental health. In 1996,
SF-36v2 was released with modifications in wording, layout,
response scales, scoring, and expected norms. The SF-12 (and
now the SF-12v2) is a subset of SF-36 that still measures the
eight health domains. Its brevity is ideal for use in conjunc-
tion with longer disease-specific instruments. The SF-8 was
designed to measure the eight health domains through single
questions for each domain. It was created by using informa-
tion from various questionnaires, including, but not limited
to, SF-36. However, the SF-8 was calibrated with the same
metric as the SF-36, and thus, the summary scores can be
compared. The SF-36 was developed without utility measures
(detailed in the next section), but algorithms have been
developed to address this shortcoming.

The EQ-5D was developed by the European Quality of
Life Group (EuroQol) as a non—disease-specific instrument
for describing and valuing HRQoL.” It is designed to be
cognitively simple, quick to complete, and easily self-
administered. Currently, the EQ-5D is available in 160 lan-
guages. The EQ-5D consists of a descriptive system composed
of five dimensions of health: mobility, self-care, usual activi-
ties, pain and/or discomfort, and anxiety and/or depression.
A health state is generated from these dimensions and then
converted into a weighted health state index by applying
scores from the EQ-5D value sets generated from general
population samples. The EQ-5D also has a visual analog
scale component that records the patient’s self-rated health
status on a vertical graduated (O to 100) scale. The visual
analog scale serves as the utility measure that allows conver-
sion of the results for use in decision and cost-effectiveness
analysis.

The Walking Impairment Questionnaire (WIQ) is a four-
component instrument designed to assess walking perfor-
mance in claudicants.”! A score is generated for each of the
four components: walking distance, walking speed, stair
climbing, and other symptoms that may limit walking. The
WIQ has been correlated with treadmill walking time and
validated in patients with and without PAD. It uses “blocks”
as a measure of distance and “flight of stairs” as a measure-
ment of stair climbing, measures that may not be applicable
to some cultures. Furthermore, the lack of utility measures in
WIQ limits its use in advanced QoL analysis. Nevertheless,
as a survey instrument, the WIQ functions well as a gauge of
walking performance in patients undergoing treatment for
claudication.
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The Vascular Quality of Life Questionnaire (VascuQol)
was developed at King’s College Hospital, London, to assess
patients with chronic lower extremity ischemia rather than
just claudication.” The questionnaire contains 25 questions
divided into 5 domains: pain, symptoms, activity, social, and
emotional. Validity and test-retest reliability were evaluated
and found to be very high. Continued use of this relatively
new instrument will provide additional confirmation of its
role in QoL analysis.

Limitations of Survey Instruments. All surveys have unique
concerns that need to be addressed by researchers. One of the
biggest is incomplete surveys. Because surveys are usually
administered before and after a treatment or observation
period, the absence of a survey for some patients during
follow-up periods is troublesome. Although many researchers
simply include only patients with complete surveys, this strat-
egy may introduce bias into the results. The most severe case
of omission bias is due to the fact that dead study patients
cannot complete surveys. For more subtle factors, complex
regression analysis of patients with missing data can identify
potential factors associated with survey incompletion and
serve as a cautionary measure against over-interpretation of
results. A second issue in surveys is the statistical challenge
of repeated measures. Because patients serve as their own
survey control, simple pooled statistical techniques can mask
individual effects. Mean differences, ratios, or preferably,
paired tests must be used. When surveys are administered at
three or more time points, simple one-to-one point compari-
sons do not completely account for the relationships between
all time points. Linear mixed-method regression modeling
can be adapted for multiple repeated measures to control for
missing data.”’

Economic Analysis

The conduct of health care occurs in the context of perceived
patient benefits and incurred societal costs. For example,
bypass graft or stent patency is not the only endpoint in the
care of claudication. Rather, it is an important contributor of
the patient’s ambulatory status, which, in turn, influences
overall QoL. This care has a cost to society, but it can also
result in benefit to society in the form of intellectual and labor
contributions made by the treated patient. Therefore, analysis
of clinical outcomes should be made in the framework of its
impact on the patient, the health care system, and society.

Utility Measures

In economic analysis and decision analysis, patients are con-
sidered to be in distinct “states” that reflect defined medical
diagnoses or symptoms (e.g., asymptomatic vs symptomatic
carotid artery stenosis). QoL instruments capture health
states, but generally do not capture preferences for a given
state. Utility measures capture how a person values (or
prefers) a state of health, not just the characteristics of that
state. Utility measures also have mathematical properties
that allow their use in decision trees and cost-effectiveness
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12 SECTION 1 Basic Science

analysis. The Health Utilities Index and the EQ-5D are two
widely used utility measures. The simplest method of deter-
mining utility is to ask patients to value their own health or
a hypothetical state of health by using a rating scale. This
information is then transformed into a utility measure by
using data from a reference population. Transformations of
health states from descriptive instruments (e.g., SF-36) have
also been created, although low correlations between descrip-
tive and preference measures have been demonstrated. For
transformations to be meaningful, the reference population
itself has to be subject to utility assessment.

Direct assessment of utility can be performed by using the
standard gamble, in which for a given health state, patients
are asked whether they would choose to remain in that state
or take a gamble between death and perfect health. The ques-
tion is then repeated with varying gamble probabilities. The
utility of the health state is then derived from the probability
of achieving perfect health when the patient is at equilibrium
(or indifferent between the choices) between taking the
gamble or remaining in the known state of intermediate
health. Another common direct utility assessment method is
the time tradeoff, in which the patient is asked to choose
between a length of life in a given compromised state and a
shorter length of life in a perfect state. The utility of the
health state is then derived from the ratio of the shorter to
the longer life expectancy at the point of equilibrium.

Because these utility assessment methods are artificial and
do not actually expose subjects to decisions with true implica-
tions, variations in utility values exist between the methods.
Generally, standard gamble methods generate the highest
utility values because most patients are unwilling to accept a
significant risk of sudden death, even if the alternative health
state is poor. Utility values from time tradeoff methods are
lower, which is consistent with the theory that decreased life
expectancy is an easier price to pay for a chance to improve
health. Rating scales usually generate the lowest utility values
because there is no perceived penalty for underrating, as there
is with the other methods.

Decision Analysis

In the daily practice of surgery, many significant decisions
involve tradeoffs between risk and benefit with uncertainties.
Uncertainties can exist with diagnostic testing, the actual
diagnosis, the natural history of the disease, and the treat-
ment choices and their outcomes. Despite these uncertain-
ties, a decision must be made. Decision analysis is the formal
methodology of addressing decisions by defining the problem,
considering alternative choices, modeling the consequences,
and estimating their chances. The process not only reveals
the best choices for a particular type of patient, but also
demonstrates the critical factors that may alter that decision.
Thus, for the practicing clinician, knowledge of relevant
decision analyses may serve as a foundation from which to
make decisions and as a resource with which to modify that
decision based on patient specifics.

One of the primary tools used in decision analysis is the
decision tree, where the relevant factors are represented in

chronological relationship to each other from left to right.
The alternative choices (diagnostic tests, natural history
states, treatments, etc.) are visually represented on branches
of the tree, and each branch point is a decision node (usually
represented as a square) in which a choice is possible, or a
chance node (usually represented as a circle) in which the
probability of a consequence is conditional on the events that
preceded it. The end of each branch has an outcome that is
based on the choices made preceding it and their probabili-
ties. Each outcome is then given a value, whether it is life
expectancy, quality-adjusted life-years (QALYs), or cost. The
expected value for each alternative is then calculated on
the basis of cumulative probabilities and outcome values. The
best decision is then chosen to optimize the outcome value,
such as the lowest cost or highest QALYs.

The results from decision analysis are strongly influenced
by the event probabilities and outcome values used. Ideally,
these figures are derived from strong clinical studies in the
field, although a consensus on precise figures and values can
be difficult. Sensitivity and threshold analysis can then be
performed to test the results of decision analysis under differ-
ent probability and outcome assumptions. Sensitivity analysis
is performed mathematically by setting the key probability as
an unknown variable to be solved algebraically. This results
in a probability value threshold around which the analysis
can change to favor different decisions. If the threshold value
(or probability) is within accepted estimated clinical proba-
bilities for that event, researchers can have greater confi-
dence in the applicability of the decision analysis results.

Markov Models and Monte Carlo Simulation

The decision trees discussed in the previous section work well
for clinical situations in which one or a small number of
decisions are made over a defined time frame. In reality, deci-
sion points may occur repeatedly, and the relevant factors
influencing the outcome may also change over time. Markov
models (named after the Russian mathematician Andrey
Markov) assume that patients begin in one of a discrete
number of possible mutually exclusive “states.” For every
cycle, each patient has a probability of remaining in the state
or transitioning between one state and the next. Markov
models also assume the Markov property, whereby future
states are independent of past states. The model can then be
analyzed by using matrixes, cohort simulation, or Monte
Carlo simulation. Matrix solutions require matrix algebra
techniques and can be used only when transition probabilities
do not vary over time, and costs are not discounted. Cohort
simulation begins with a hypothetical large cohort of patients
and subjects them to the Markov transition probabilities. A
table is then generated with the new cohort distribution
among the states. The process is repeated for the next and
subsequent cycles until there is equilibrium or all patients are
in a state without an exit, called the absorbing state. Monte
Carlo simulation is similar to cohort simulation, except that
one patient at a time is simulated, rather than the entire
cohort. The simulation continues until the patient arrives at
the absorbing state, or the predetermined cycle is reached in



models without absorbing states. Simulation of individual
patients allows researchers to measure the variance of out-
comes in addition to the mean.

Cost Benefit and Cost-Effectiveness Analysis

At the heart of cost analysis is the assumption that resources
are constrained. If unlimited resources are available, all
testing and treatment would be offered, as long as they are
not harmful. However, in an environment of limited
resources, cost analysis helps policymakers and clinicians
decide on the greatest utility of the resources available. Cost
analysis is certainly not the only or necessarily the best
criterion for making health policy decisions, but it is an
objective, quantitative tool that yields important informa-
tion about the efficacy of clinical practice, and thus, may
serve as a key factor in the overall choice of health care
decisions.

From an economic standpoint, tests or treatments can be
measured in two parameters: health improvement and cost
saving. Treatments that improve health and save cost are
considered superior and should be adopted. Likewise, treat-
ments that do not change (or worsen) health and increase
cost should be abandoned. Treatments that improve health
but also increase cost or do not change health but decrease
cost need further investigation before implementation. Cost-
effectiveness analysis (CEA) compares treatments based on
a common measure of cost and health effectiveness. The
measure of health effectiveness can be represented by the
number of lives saved, cases cured, cases prevented, and
preference-based utility measures such as QALYs. Cost-
benefit analysis (CBA) seeks to quantify cost and health
effectiveness in monetary terms, with positive CBA treat-
ments being favored over those with negative CBA. CBA is
useful for comparing very different choices of treatments or
interventions. Because many involved in health care are
uncomfortable with the monetary valuation of life and life-
years, CEA is more commonly used in health-related analysis,
whereas CBA is more prevalent in economic-oriented health
care analysis.

The CEA measure is the ratio of cost to effectiveness,
typically dollars per QALY gained. Comparative choices
(treatments, programs, tests) are subsequently ranked in order
of lowest cost-effectiveness ratio to highest. Funding is then
given to the programs with lowest cost per efficacy measure
until all available funding is spent. The cost-effectiveness
ratio of the last funded program in this algorithm is defined
as the permissible cost-effectiveness threshold for other pro-
grams to meet until new budgetary constraints are in effect.
In the United Kingdom, the National Institute for Health
and Clinical Excellence has adopted a cost-effectiveness
threshold range of £20,000 to £30,000 ($39,400 to $59,100
U.S. dollars) per QALY gained. In the United States, no
official threshold has been adopted, although many in prac-
tice have used the threshold of $60,000 per QALY. This figure
is based on the calculated average cost of hemodialysis per
person per year and Medicare’s special coverage of renal
failure patients, regardless of age.
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The term cost is often misunderstood and misused. In
economic analysis, cost is not limited to currency but can be
applied to other valuable resources, such as time, personnel,
space, and alternative choices. Opportunity cost is the loss or
sacrifice incurred when one mutually exclusive option is
chosen over another. Thus, if a plot of land is chosen to be
developed into a hospital, the cost of that project includes
the building cost, as well as the lost opportunity to build a
different facility at that site. Cost must also be distinguished
from “charges” by health care researchers because administra-
tive accounting data often contain billing charges, which are
based on the cost of materials and services, but probably also
include indirect costs and a margin for profit. For most health
care cost analyses, cost is stated from the perspective of the
society. This utilitarian perspective differs from the perspec-
tive of the patient, provider, and institution. Although these
other perspectives have validity, the societal perspective is
more comprehensive and eliminates distortions, such as
moral hazard and cost shifting.

OUTCOMES TRANSLATIONAL RESEARCH

The practice of surgery has undergone several important
transformations since its early beginnings. Initially, issues of
anatomy, physiology, and anesthesia were the obstacles to
overcome for advancement of the field. Adoption of technol-
ogy and refinement of surgical technique helped define the
growth of surgery in the last century. Most recently, study of
clinical outcomes plus adherence to evidence-based medicine
has increased the efficacy and safety of surgery. The prolifera-
tion of surgical care (and medicine as a whole) does come
with a cost, however. In the United States, expenditure on
health care for 2011 was $2.7 trillion, which corresponds to
$8680 per person or 17.9% of the gross national product.
Other developed countries spend less, but their expenditures
are increasing.

Although the actual care of patients will continue to chal-
lenge us, the way we conduct and finance health care will
also have a profound impact. Thus, health care is a contin-
uum from advancements in basic sciences, to patient applica-
tions, to clinical outcomes, to efficacy analysis, and finally, to
policy. Translational research has been coined to describe the
connection between the basic sciences and patient care.
Similarly, outcomes translational research can be thought of
as the connection between clinical outcomes and health care
policy. Policy decisions based on arbitrary expenditure caps
may be an effective way to control health care costs, but the
resulting distribution of resources may be inefficient. Rather,
policy should be based on clinical evidence and efficacy so
that limited resources are used optimally.

Outcomes translational research begins with careful analy-
sis of clinical results. Such analysis should ideally incorporate
carefully designed studies to understand the natural history
of disease and compare treatment options. Even the outcome
measure itself needs thoughtful selection. For example, in the
surgical treatment of claudication, the classic measure of
outcome was bypass graft patency. With the greater adoption
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of percutaneous treatment methods, vessel patency has been
adopted. However, vessel patency does not accurately reflect
all outcomes. From the patient’s perspective, improvement in
walking function (and its effect on QoL) is the benchmark.
Although vessel patency clearly influences walking function,
a patent vessel does not confer improved walking if other
comorbid conditions, such as severe arthritis or neuropathy,
are limiting. Conversely, assessment of functional and QoL
endpoints alone does not allow analysis of the components
leading to patient-perceived improvements. Greater under-
standing of technical success, vessel patency, and treatment
durability will allow further improvements in the treatments
themselves. Therefore, measurement of clinical outcomes is
a multimodality technique involving the use of integrated
components that measure several aspects of success and
failure.

There is no doubt that the results of clinical trials have
had an impact on the care of surgical patients. However,
these trials are costly and may not have comprehensive gen-
eralizability because most trials occur in large institutions
with known expertise in the area of interest. The majority of
vascular surgery occurs outside clinical trials, in institutions
of varying size, and by practitioners of varying expertise. The
outcomes of these “real-world” efforts are not well studied.
Many have used large national or statewide administrative
databases in an attempt to analyze care broadly, although
these databases lack detailed information because they were
not designed to be research tools. For example, most admin-
istrative databases do not distinguish the left from the right
extremity. Thus, two vascular procedures performed on an
extremity within 1 year can be a revision of the first proce-
dure, or they can signify sequential bilateral procedures.
Other surgical and medical specialties have comprehensive
registries that allow broader inclusion of patients who receive
care within specific diagnostic groups. In the field of vascular
surgery, other countries have national registries with research
and administrative objectives. In the United States, efforts
are under way to extend statewide or regional databases to
encompass a wider cohort. The cost of such endeavors is
certainly a factor in achieving a nationwide database,
although arguably, the cost of not knowing the outcomes and
efficacy of health care may be greater.

The use of economic analysis is an important component
of outcomes translational research because health care, like

all human effort, requires resources. Economics has often
been maligned as being “cold,” and this quality is its strength,
not its weakness. Few of us can hope to be without bias when
making health care decisions for ourselves, our patients, or
our relatives. By extension, each specialty group strives to
increase resources that can be applied to their disease or
cause. Economic analysis of health care allows assessment of
outcomes as measured by a common comparable unit (cost).
However, economics as a whole can shed light only on the
tradeoffs between different alternatives and their impact. It
is up to policymakers to assign value to these tradeoffs, and
in the end, make decisions about allocation of health care
resources. In some ethical and societal frameworks, additional
value may be assigned to the treatment of specific disease
groups (e.g., dialysis care) that is not captured by traditional
analytic methods. Nevertheless, without clinical and eco-
nomic analytic tools, such decisions are made while blinded
to their impact on alternative decisions. Clinician researchers
in outcomes translational research are well suited to contrib-
ute to the policies that affect health care because they can
generate data to help formulate policy and also see the effect
of policy on the individual patients they are treating.
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Embryology

ERIC D. ENDEAN / BRUCE E. MALEY

Based on a chapter in the seventh edition by Geoffrey D. Guttmann and Eric Endean

The fundamental purpose of the vascular system is to supply
the organism with oxygen and nutrients and to remove meta-
bolic waste products. During the first 3 weeks of gestation,
simple diffusion is sufficient to support the embryo; however,
by the fourth week, a functional cardiovascular system must
be in place to maintain the rapidly developing embryo. The
cardiovascular system in the embryo is one of the first and
earliest systems to appear and begin to function. Isolated
blood vessels and blood components form in the yolk sac by
day 17, while just a day later isolated blood vessels begin to
appear in the embryo proper. The heart begins to beat by day
22 and is pumping blood by day 24. In the past, the develop-
ment of the vascular system has been viewed as no more than
the growth of arteries, veins, and lymphatic vessels from a
basic set of tubes. In reality, the appearance, growth, and
remodeling of the vascular system are orchestrated by a series
of signaling molecules, receptor molecules, and transcription
factors. Failure of proper development of the vascular system
can result in the appearance of variations or abnormalities
that can have clinical ramifications. Knowledge of the devel-
opment of the vascular system enables the vascular surgeon
to recognize vascular anomalies and understand how they
may have developed.

FORMATION OF EMBRYONIC BLOOD VESSELS

Molecular Signaling of Vasculogenesis
and Angiogenesis

The process by which the vascular system develops involves
a series of steps. The first step is the modification of splanch-
nic mesodermal cells into angioblasts that form vesicular
aggregates in the splanchnic mesoderm of the embryo and
extraembryonic regions, including the yolk sac, connecting
stalk, and the chorion." The angioblasts develop into flat-
tened endothelial cells that form small vessel cords, which
will, in turn, coalesce with one another to form vessels. This
process, vasculogenesis, is under the control of signaling
molecules secreted from underlying endoderm cells in each
region. Vasculogenesis begins first in the yolk sac at day 17,

where Indian hedgehog, bone morphogenic protein, and
transforming growth factor B (TGF-B) induce the yolk sac’s
mesoderm to form hemangioblastic aggregates. These cellular
aggregates are composed of an inner core of hematopoietic
stem cells and an outer rim of endothelial cells.”’ The hema-
topoietic stem cells serve as the source of blood cells to the
embryo until day 60, when the liver, spleen, thymus, and
ultimately, the bone marrow become the source of the blood.
Hemangioblastic aggregates also form in the connecting stalk
and chorion at day 17. These aggregates coalesce to form the
extraembryonic umbilical vessels that will act as the circula-
tory connection between the embryo and the maternal tissue.
By day 18, the embryonic endoderm layer secretes bone mor-
phogenic protein (BMP) and TGE-f to induce the splanch-
nic mesoderm to form vessels in a manner similar to what
occurs in the yolk stalk. One of the first regions to develop a
recognizable vascular system is at the cranial end of the
embryo. Here, the splanchnic mesoderm forms a pair of endo-
cardial tubes that are continuous with one another at their
most rostral end as a horseshoe-shaped region called the
cardiogenic area,' the region that is the precursor of the heart.
At the same time, additional embryonic splanchnic meso-
derm also forms aggregates of hemangioblastic tissue that
eventually will coalesce to form the paired dorsal aortas and
will connect to the rostral end of the endocardial tubes by
day 20. Extraembryonic vascular blood islands in the yolk sac
and the connecting stalk eventually fuse with the developing
embryonic vessels.'

Once the endothelial cells are established as vascular ele-
ments, they begin to sprout and bud, forming simple capillary
networks. These capillary networks will be remodeled into
arterial, capillary, and venous systems based on the surround-
ing environment. Additionally, some of the presumptive
vessels will undergo vascular intussusception to remodel and
generate additional vessels. Much of this growth is under
the influence of vascular endothelial growth factor (VEGF),
which activates a series of molecular and cellular events that
ultimately lead to a stable vascular network.” Angiogenic
sprouting from existing vessels is facilitated by hypoxia,
which upregulates a number of genes, including VEGE
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Figure 2-1 Initial development of vessels. A, Architectural features of the vasculature and their signaling molecules. B, Proposed molecular

signaling pathways that determine the fate of angioblasts to become arterial or venous endothelial cells. Ang-I/, Angiotensin I; BM, basement
membrane; COUP-TFII, chicken ovalbumin upstream promotor transcription factor Il; ECM, extracellular matrix; ERK, extracellular signal-regulated
kinase; MEK, mitogen-activated protein kinase; MMPs, matrix metalloproteinases; MT1-MMP, membrane type 1 metalloproteinases; NP-T,
neuropilin-1; PDGFR, platelet-derived growth factor receptor; PI3K, phosphatidyl-3’-kinase; PLC, phospholipase C; TGF-f3, transforming growth
factor-B; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.

angiopoietin-2, and nitric oxide synthase. Signaling mole-
cules such as VEGF and angiopoietin-1 not only are proan-
giogenic factors, but also lead to endothelial specificity. VEGF
expresses for a fenestrated endothelial layer within the
capillaries of endocrine glands and the kidneys, whereas

angiopoietin-1 expresses for tight junctions as seen in the
capillaries of the brain (i.e., the blood-brain barrier) (Fig.
2-1A).*> As vessels mature, components of the extracellular
matrix and the associated basement membrane stabilize the
developing vasculature by acting as a source for a number of



growth factors and proenzymes needed by the maturing
vessels. The importance of the basement membrane in the
maturation and maintenance of the vascular system is dem-
onstrated by the number of vascular defects observed in
animal models that have a deficiency of type IV collagen or
laminins, key constituents of the basement membrane.’

Veins and arteries have been used to describe vessels
whose blood flow direction is either to (veins) or from
(arteries) the heart. Although there are morphologic dif-
ferences in the walls of veins and arteries, it was not until
recently that it was demonstrated that arteries and veins
are also different with regard to their specific cell surface
markers. Artery endothelial cells express ephrin B2 receptor,
whereas vein endothelial cells express the EphB4 receptor.
It is now known that angioblasts are fated to become either
arterial or venous endothelial cells based on the attachment
of VEGEF either to the VEGF receptor 2 and neuropilin 1
(VEGFR2-NP-1) complex or simply to VEGFR2, respec-
tively. The VEGFR2-NP-1 complex initiates a signaling
cascade that leads to expression of the arterial cell surface
marker ephrin B2. In angioblasts fated to be venous endo-
thelial cells, VEGFR2 initiates a signaling cascade that leads
to the inhibition of NP-1 by chicken ovalbumin upstream
promotor transcription factor II (COUP-TFII) and finally
to expression of the cell surface marker EphB4 (Fig. 2-1B).*’
Lymphatic vessels develop through the process of angiogen-
esis from existing veins in specific sites of the developing
vascular system. Budding of the lymphatic system from
veins is under the direction of the gene, Prospero-related
homeobox-1 (Prox-1), which is first expressed in a specific
subpopulation of endothelial cells associated with the ante-
rior cardinal veins. These cells ultimately bud, divide, and
migrate from this venous structure to form lymph sacs.’ In
embryos lacking the Prox-1 gene, the endothelial cells never
acquire a lymphatic phenotype; rather, they keep a blood
vascular phenotype. Other growth and transcription factors
including VEGFR-3 and VEGFR-C have been shown to
be critical for lymphatic endothelial sprouting and migra-
tion. The angiopoietin-2 gene is also critical for the correct
patterning and integrity of lymphatic vessels; animals that
lack angiopoietin-2 have lymphatics that are misshapen,
leaky, and do not have the typical association of smooth
muscle cells.”

Early Angiogenesis

As the major vascular structures including the heart, dorsal
aortas, umbilical vessels, vitelline vessels, and cardinal veins
are being formed by vasculogenesis, the embryo is already
beginning to remodel this vascular system by the processes of
angiogenesis and vascular intussusception. Other factors,
especially related to the heart and dorsal aortas, have a pro-
found effect on the definitive vascular system’s configuration.
By day 20, the growth of the neural tube forces the cardio-
genic area ventrally and caudally to its final position in the
thoracic region, whereas lateral folding of the embryo causes
the two enodcardial tubes to fuse along the midline, resulting
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in a single endocardial tube with a more cranially placed
outflow and a more caudally located inflow region. As the
presumptive heart lengthens, a series of swellings in the
developing heart become visible. Beginning at the inflow
end, these include the sinus venosus with its right and left
horns, primitive atrium, primitive left ventricle, bulbus cordis
(future right ventricle), and truncus arteriosus. The aortic
sac, the rostral dilation of the truncus arteriosus, connects the
developing heart to the dorsal aortas. As the developing heart
moves into its ventral position, the attached dorsal aortas are
forced into a dorsoventral bend that forms the first aortic arch
between days 22 and 24. The first aortic arch is contained in
the thickened mesoderm of the developing first pharyngeal
arch surrounding the pharynx. Aortic arches 2 to 6 form from
mesenchyme within their own pharyngeal arches in a rostral
to caudal sequence between days 26 and 30. Lateral folding
of the embryo also forces the paired dorsal aortas beginning
at the fourth thoracic somite to fuse with one another as a
common aorta; however, rostral to this level, the dorsal aortas
remain as separate vessels. By the beginning of the fourth
week, intersegmental vessels between each somite arise from
the dorsal aortas. Each intersegmental vessel has a dorsal
branch, a lateral branch, and a ventral branch that supply the
individual somite regions.

Aortic Arch
Normal Arch Development

The vascular system in humans is symmetric, with the excep-
tion of the adult aortic arch. The right common carotid and
right subclavian arteries arise from the brachiocephalic
(innominate) artery, whereas the left common carotid and
left subclavian arteries originate as separate vessels from the
aortic arch. These differences are a consequence of the
changes in the connections of the aortic arches, the dorsal
aortas, and the aortic sac. Diagrammatic representation of
these changes would suggest that the aortic arches are all
present at the same time, but in reality, the first arches are
already regressing while the others are still developing.

The first two aortic arches appear and regress quickly and
contribute very little to adult structures, whereas the fifth
aortic arch never develops in humans (Fig. 2-2A). The third
aortic arches become the common carotid arteries and proxi-
mal segments of the internal carotid arteries. The distal seg-
ments of the internal carotid arteries are derived from the
dorsal aorta between the first and third arches. The external
carotid arteries sprout from the common carotid arteries. The
dorsal aorta on each side of the embryo between the third
and fourth arches disappears, thus directing blood through
the third aortic arch system to the head and neck regions
(Fig. 2-2B). The fourth aortic arches are asymmetrical with
regard to their fate. The left aortic arch forms that part of the
adult aortic arch between the left common carotid and left
subclavian arteries, whereas the right aortic arch becomes the
proximal segment of the right subclavian artery. The remain-
der of the right subclavian artery is derived from the right
dorsal aorta and its right seventh intersegmental artery. The

n
les]
0
=
—
o
Z
—

3DON3IDS DISvd



	In Memoriam
	Robert B. Rutherford, MD, 1931-2013

	Rutherford's Vascular Surgery, 2-Volume Set
	Copyright page
	Dedication
	Associate Editors
	Contributors
	Preface
	Video Contents
	Chapter 1
	1 Epidemiology and Clinical Analysis
	Epidemiology
	Brief History
	Modern Developments

	Clinical Research Methods
	Study Design
	Observational Studies
	Experimental Studies
	Special Techniques: Meta-Analysis

	Bias in Study Design

	Outcomes Analysis
	Statistical Methods
	Regression Analysis
	Survival Analysis
	Propensity Scoring
	Errors in Hypothesis Testing
	Statistical and Database Software

	Functional Studies
	Quality of Life
	Health-Related, Quality-of-Life Survey Instruments
	Types of Survey Instruments.
	Limitations of Survey Instruments.


	Economic Analysis
	Utility Measures
	Decision Analysis
	Markov Models and Monte Carlo Simulation
	Cost Benefit and Cost-Effectiveness Analysis


	Outcomes Translational Research
	Selected Key References
	References


	Chapter 2
	2 Embryology
	Formation of Embryonic Blood Vessels
	Molecular Signaling of Vasculogenesis  and Angiogenesis
	Early Angiogenesis
	Aortic Arch
	Normal Arch Development
	Aortic Arch Anomalies
	Patent Ductus Arteriosus.
	Coarctation of the Aorta.
	Double Aortic Arch.
	Right Aortic Arch.
	Retroesophageal Right Subclavian Artery.



	Development of the Descending (Thoracic and Abdominal) Aorta
	Development of the Limbs
	Upper Limb
	Normal Development
	Upper Limb Vascular Anomalies

	Lower Limb
	Normal Development
	Lower Limb Vascular Anomalies
	Persistent Sciatic Artery.
	Popliteal Entrapment Syndrome.



	Development of the Venous System
	Superior Vena Cava
	Inferior Vena Cava and Associated Vessels
	Anomalies
	Superior Vena Cava
	Inferior Vena Cava Duplication/Left-Sided Inferior Vena Cava
	Renal Vein Anomalies


	Development of the Lymphatic System
	Selected Key References
	References


	Chapter 3
	3 Vessel Wall Biology
	Arterial Wall Anatomy
	Intima
	Endothelium
	Basal Lamina
	Proteoglycans.
	Collagen.
	Laminin.
	Fibronectin.

	Internal Elastic Lamina

	Media
	Adventitia

	Arterial Wall System
	Large Arteries
	Small Arteries
	Coronary Arteries

	Arterioles
	Capillaries
	Continuous
	Fenestrated
	Discontinuous


	Hemodynamics and Vascular  Wall Biology
	Shear Stress
	Endothelium
	Media

	Circumferential Stretch

	Vein Wall Anatomy
	Intima
	Media
	Adventitia
	Developmental Concepts in Distinct Vein  Wall Anatomy
	Physiologic Implications of Vein  Wall Composition

	Vein Wall System
	Venules
	Veins
	Venae Cavae
	Venous Valves

	Lymphatic Wall Anatomy
	Lymphatic Wall System
	Initial Lymphatics
	Endothelial Microvalves

	Precollecting Lymphatics
	Collecting Lymphatics
	Lymph Nodes
	Trunks and Ducts
	Secondary Valves
	Lymph Propulsion

	Selected Key References
	References


	Chapter 4
	4 Cells of the Vascular System
	Endothelial Cells
	Endothelial Cells as a Transporting System  and Selective Barrier
	Paracellular Transport
	Fenestrations
	Endocytosis
	Transcytosis

	Vasomotor Regulation
	Nitric Oxide
	Prostacyclin
	Endothelin-1
	Endothelium-Derived Constricting Factor
	Angiotensin II

	Hemostasis versus Antithrombosis/Fibrinolysis
	Leukocyte Trafficking
	Recruitment of Bone Marrow–Derived  Stem/Progenitor Cells
	Angiogenesis and Tumor

	Smooth Muscle Cells
	Vascular Resistance
	Vascular Smooth Muscle Differentiation

	Pericytes
	Pericyte–Endothelial Cell Interaction
	Blood-Brain Barrier
	Blood Flow Regulation
	Pericyte Plasticity
	Fibrosis Generation
	Pericytes in Tumor

	Fibroblasts and Myofibroblasts
	Fibroblasts in Tissue Injury and Remodeling
	Fibroblasts and Vascular Inflammation

	Stem/Progenitor Cells
	Selected Key References
	References


	Chapter 5
	5 Atherosclerosis
	Normal Artery Structure and Function
	Endothelium
	Subendothelial Space
	Smooth Muscle Cells
	Vasa Vasorum

	Atherosclerotic Lesions
	Theories of Pathogenesis
	Lipid Hypothesis
	Response-to-Injury Hypothesis
	Monoclonal Hypothesis

	Atherosclerosis as a Chronic Inflammatory Disease
	LDL Retention
	Monocytes
	Macrophages
	Lymphocytes and Adaptive Immunity
	Smooth Muscle Cells
	Calcification
	Putting It All Together: The Inflammasome
	C-Reactive Protein

	Localization of Atherosclerosis
	Progression/Regression of Plaques
	Thrombotic Complications  of Atherosclerosis
	Identification of Vulnerable Lesions
	Selected Key References
	References


	Chapter 6
	6 Intimal Hyperplasia
	Definitions
	Intimal Hyperplasia
	Other Pathologies Underlying Lumen Loss  after Vascular Procedures
	Wall Remodeling
	Vascular Tone and Recoil
	Restenosis


	Inciting/Modulating Factors  for Intimal Hyperplasia
	Hemodynamic Stress
	Immune Insults
	Genetic Susceptibility

	Biologic Mechanisms
	Cellular Effectors
	Endothelial Cells
	Smooth Muscle Cells
	Platelets and Leukocytes
	Progenitor Cells

	Biochemical Mediators
	Inflammatory Mediators
	Growth and Migration Factors
	Matrix Metabolism
	Coagulation Factors
	Renin-Angiotensin System


	Preventive and Therapeutic Approaches for Intimal Hyperplasia
	Selected Key References
	References


	Chapter 7
	7 Ischemia-Reperfusion
	Components of  Ischemia-Reperfusion Injury
	Injury During Ischemia
	Injury During Reperfusion

	Leukocytes
	Cytokines-Chemokines/Antagonists
	Mitochondrial Injury
	Complement
	Nitric Oxide
	Endothelin
	Adenosine
	Adrenomedullin
	Heme Oxygenase System and Carbon Monoxide
	Anticoagulants and Ischemia-Reperfusion
	Hypothermia
	Neurogenic Inflammation

	Clinical Manifestations of  Ischemia-Reperfusion Injury
	Compartment Syndrome
	No-Reflow Phenomenon
	Myocardial Stunning/Arrhythmias
	Central Nervous System
	Gastrointestinal System
	Multiorgan Dysfunction Syndrome

	Clinical Trials
	Coronary Interventions
	Transplantation Interventions
	Lower Extremity Interventions

	The Future of Reperfusion Therapy
	Acknowledgment
	Selected Key References
	References


	Chapter 8
	8 Arteriogenesis and Angiogenesis
	Neovascularization
	Arteriogenesis
	Cardiovascular Risk Factors Associated  with Impaired Arteriogenesis

	Angiogenesis
	Sprouting Angiogenesis
	Regulation of Angiogenesis
	Lumen Formation
	Intussusceptive Angiogenesis
	Remodeling and Pruning

	Clinical Trials
	Gene and Protein-Based Therapies
	VEGF
	FGF
	HGF
	Del-1
	HIF

	Cell-Based Therapies
	Endothelial Progenitor Cells
	Bone Marrow–Derived Cells


	Selected Key References
	References


	Chapter 9
	9 Arterial Aneurysms
	Definition
	The Aortic Wall in Health and Disease
	Tunica Media
	Elastin and Collagen
	Vascular SMCs

	Adventitia

	The Epidemiology of Aortic Aneurysms
	Risk Factors for the Development  of Aortic Aneurysms
	Risk for Expansion and Rupture  of Aortic Aneurysms

	Pathophysiology of the Aneurysm Wall
	Animal Models of Aneurysm Pathogenesis
	Proteolytic Activity within the Aneurysm Wall
	Matrix Metalloproteinases and AAA
	Other Proteinases in Abdominal Aortic Aneurysms

	Parenchymal Cell Changes Contributing  to the Aortic Abdominal Aneurysm
	Inflammation, Immunity, and Cell Signaling  in Aneurysm Disease
	Characterization of Immune Responses  in Abdominal Aortic Aneurysm
	Oxidation and Oxidative Stress
	Cell Signaling Pathways
	Chlamydia pneumoniae


	Pathobiologic Mechanisms of Risk Factors Associated with Abdominal Aortic Aneurysms
	Smoking
	Gender
	Diabetes
	Biomechanical Effects
	Hemodynamic Forces on the Aorta
	Altered Hemodynamics

	Genetic Determinants
	Inherited Connective Tissue Disorders
	Other Genes Related to the AAA


	Potential for Nonsurgical Treatment  of Abdominal Aortic Aneurysms
	Inhibiting Matrix Proteolysis
	Altering Aortic Inflammation in the Abdominal Aortic Aneurysm

	Other Aneurysms
	Thoracic Aortic Aneurysms
	Nonaortic Axial Vessel Aneurysms
	Splanchnic Aneurysms
	Mycotic Aneurysms
	Autoimmune Aneurysms

	Selected Key References
	References


	Chapter 10
	10 Arterial Physiology
	Arterial Hemodynamics
	Basic Concepts
	Fluid Energy
	Bernoulli’s Principle
	Poiseuille’s Law
	Inertia
	Turbulence
	Resistance
	Pulsatile Flow

	Arterial Stenosis
	Energy Losses Associated with Stenoses
	Critical Stenosis
	Length of Stenosis and Stenoses in Series


	Arterial Flow Patterns in  the Human Circulation
	Normal Arteries
	Pressure and Flow
	Control of Peripheral Vascular Resistance
	Flow Separation and Shear
	Normal Flow and Pressure Waves
	Palpable Pulses

	Arterial Obstruction
	Collateral Circulation
	Reactive Hyperemia and Exercise
	Multiple Lesions and Vascular Steal
	Effect of Stenoses on Waveforms


	Physiologic Aspects of Arterial Interventions
	Treatment of Arterial Occlusive Disease
	Arterial Grafts
	Anastomoses
	Stresses at Graft-Artery Anastomoses

	Aneurysms and Arterial Wall Stress

	Selected Key References
	References


	Chapter 11
	11 Venous Physiology
	Anatomic Considerations
	Venous Systems of the Extremities
	Lower Extremity Veins
	Superficial Veins.
	Deep Veins.
	Perforating Veins.

	Upper Extremity Veins

	Venous Valves
	Lower Extremity Venous Valves
	Upper Extremity Venous Valves

	Venous Wall Structure and Composition

	Normal Venous Hemodynamics
	Pressure-Flow Relationships and Venous Return
	Venous Compliance and Capacitance
	Neural Regulation of Venous Capacitance  and Compliance

	Effects of Respiration
	Respiratory Effects on Lower Extremity  Venous Return
	Respiratory Effects on Upper Extremity  Venous Return

	Calf Muscle Pump
	Ambulatory Venous Pressure

	Venous Pathophysiology
	Venous Obstruction
	Valvular Incompetence
	Animal Models
	Human Studies


	Valvular Incompetence and Secondary Chronic Venous Disease
	Studies Using Air Plethysmography.
	Studies Using Duplex Ultrasound Scanning.
	Perforator Incompetence
	Venous Hypertension
	Calf Muscle Pump Dysfunction

	Clinical Syndromes
	Deep Venous Thrombosis
	Chronic Venous Insufficiency
	Postthrombotic Syndrome
	Venous Claudication
	Superficial Venous Disease
	Varicose Veins.


	Pregnancy

	Selected Key References
	References


	Chapter 12
	12 Venous Pathology
	Basic Considerations
	Venous Cellular and Developmental Concepts
	Venous Biomechanics
	Venous Vasoregulation

	Acute Deep Venous Thrombosis
	Venous Thrombosis Pathways
	Natural Anticoagulants
	Physiologic Thrombolysis
	Plasminogen Inhibitors and Thrombosis
	Endothelium and Hemostasis
	Inflammation and Thrombosis
	Thrombus Resolution and Vein Wall Remodeling

	Chronic Venous Insufficiency
	Historical Perspective and General Background
	Varicose Veins (CEAP Class 2 to 3 Disease)
	Pathophysiology of Stasis Dermatitis and Dermal Fibrosis (CEAP Class 4 to 6 Disease)

	Venous Aneurysms
	Thrombophlebitis
	Interface of Arterial Thrombosis  and Venous Thrombosis
	Selected Key References
	References


	Chapter 13
	13 Lymphatic Pathophysiology
	Anatomy
	Macroscopic Anatomy
	Embryonic Development
	Light Microscopic Anatomy
	Lymphatic-Specific Markers
	Ultrastructure
	Structural-Functional Imaging

	Physiology
	General Principles
	Interstitial (Lymph) Fluid
	Lymph Nodes

	Flow-Pressure Dynamics
	Lymphatic Transport Route

	Molecular Lymphology
	Lymphangiogenesis
	Lymphovascular Genomics
	Known Genes
	Growth/Inhibitory Factors


	Pathophysiology
	Overview
	Lymphedema and Lymphangiodysplasia
	Chylous and Nonchylous Reflux
	Infection
	Fibrosis
	Adipogenesis
	Lymphatic Tumors and Tumor Lymphatics
	Other Lymphangiogenic Disorders

	Clinical Overview
	Acknowledgment
	Selected Key References
	References


	Chapter 14
	14 Patient Clinical Evaluation
	Overview
	Clinical History
	Physical Examination
	Synthesis of the History and Physical Examination

	Arterial Disease—History
	Acute Arterial Occlusion
	Acute Arterial Occlusion of the Lower Extremity
	Atheroembolism: “Blue Toes Syndrome”
	Acute Arterial Occlusion of the Upper Extremity

	Chronic Obstructive Arterial Disease
	Lower Extremity Claudication
	Conditions Mimicking Arterial Claudication
	Neurogenic Claudication.
	Venous Insufficiency and/or Venous Claudication.
	Other Considerations in Young Patients.

	Pain at Rest
	Conditions Mimicking Pain at Rest
	Diabetic Neuropathy.
	Complex Regional Pain Syndrome.

	Upper Extremity Effort Discomfort


	Arterial Disease—Physical Examination
	Inspection
	Ischemic Ulcers
	Livedo Reticularis
	Acrocyanosis

	Pulse Examination
	Arterial Aneurysms

	Auscultation
	Palmar Circulation

	Venous and Lymphatic Disease—History
	Venous Disease
	Symptoms in Acute Venous Disease
	Symptoms in Chronic Venous Disease
	Upper Extremity Venous Thrombosis

	Lymphatic and Systemic Disease
	Swelling of Lymphatic Origin
	Swelling of Systemic Origin


	Venous Disease—Physical Examination
	Acute Venous Disease
	Superficial Thrombophlebitis
	Deep Venous Thrombosis

	Chronic Venous Disease
	Chronic Venous Insufficiency and/or Venous Stasis
	Varicose Veins

	Lymphatic Disease

	The Ulcerated Leg
	Ischemic Ulcers
	Neurotrophic Ulcers
	Stasis Ulceration
	Other Types of Ulcers

	Selected Key References
	References


	Chapter 15
	15 Vascular Laboratory:
	Doppler Ultrasonography
	Principles of Doppler Ultrasound
	Aural Interpretation of the Doppler Waveform
	Qualitative Analysis
	Quantitative Waveform Analysis

	Pressure Measurements
	Ankle Pressure Measurement
	Basic Technique
	Ankle-Brachial Index
	Prognostic Value of Ankle Brachial Index
	Technical Errors

	Segmental Pressure
	Digital Pressure Measurement
	Stress Testing
	Exercise Testing
	Alternatives to Exercise Testing.


	Direct Pressure Measurement
	Penile Pressure

	Peripheral Arterial Disease Plethysmography
	Pulse Volume Recording
	Digital Plethysmography
	Pulse Contour
	Reactive Hyperemia


	Other Methods
	Transcutaneous Oxygen Tension
	Laser Doppler and Skin Perfusion Pressure

	Selected Key References
	References


	Chapter 16
	16 Vascular Laboratory:
	Instrumentation and Basic Concepts
	Blood Flow Imaging Techniques
	Color Doppler Imaging
	Power Doppler Imaging
	B-Flow Imaging

	Pulsed Doppler Spectral Analysis
	Measurements
	Ultrasound Equation
	Artifacts and Errors

	Duplex Velocity Spectral Classification  of Arterial Stenosis
	Patient Testing
	Equipment Safety

	Clinical Applications and  Test Interpretation
	Carotid Artery
	Indications.
	Technique.
	Interpretation
	Carotid Plaque Echomorphology.
	Severity of ICA Stenosis and Velocity Criteria (PSV/EDV Ratio).

	Accuracy.
	Limitations.
	Severe Stenosis of the Contralateral Carotid Artery
	Internal Carotid Artery Occlusion
	Interpretation.
	Accuracy.

	Intraoperative Carotid Duplex Testing
	Technique.
	Interpretation.
	Limitations.

	Surveillance after Carotid Intervention
	Carotid Endarterectomy with Patch Closure
	Carotid Stenting

	Innominate, Common Carotid, and External Carotid Arteries
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Vertebral Artery
	Intracranial Arteries
	Indications.
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Temporal Artery
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Peripheral Arteries
	Indications.
	Technique.
	Interpretation.
	Accuracy.

	Iliac Arteries
	Interpretation
	Direct Imaging Criteria.
	Indirect Imaging Criteria.

	Accuracy.
	Direct Imaging.
	Indirect Imaging.


	Femoral-Popliteal and Tibial Arteries
	Limitations.


	Duplex Surveillance
	Bypass Graft and Intervention Surveillance
	Vein Grafts
	Technique.
	Interpretation.

	Prosthetic Grafts
	Peripheral Interventions

	Aneurysms
	Indications.
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Abdominal Aortic Aneurysm Stent-Grafts
	Technique.
	Interpretation.
	Accuracy.

	Pseudoaneurysms
	Technique.
	Interpretation.
	Accuracy.
	Limitations.
	Duplex-Guided Thrombin Injection.

	Renal Artery
	Indications.
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Renal Intervention
	Interpretation.
	Accuracy.

	Transplantation
	Technique.
	Interpretation.
	Accuracy.

	Mesenteric Artery
	Indications.
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Mesenteric Revascularization
	Interpretation.
	Accuracy.

	Dialysis Access
	Preoperative Evaluation
	Technique.
	Interpretation.
	Accuracy.
	Limitations.

	Intraoperative Evaluation
	Postoperative Evaluation
	Technique.
	Interpretation.
	Accuracy.
	Limitations.


	Penile Evaluation
	Technique.
	Interpretation.
	Accuracy.
	Limitations.


	Selected Key References
	References


	Chapter 17
	17 Vascular Laboratory:
	Ambulatory Venous Pressure
	Technique
	Interpretation
	Accuracy
	Limitations

	Plethysmography
	Strain-Gauge Plethysmography
	Impedance Plethysmography
	Photoplethysmography
	Technique
	Interpretation
	Accuracy
	Limitations

	Air Plethysmography
	Technique
	Interpretation
	Accuracy
	Limitations


	Selective Use of Venous  Physiologic Testing
	Selected Key References
	References


	Chapter 18
	18 Vascular Laboratory:
	Basic Principles
	Thrombosis
	Examination
	Deep Venous Thrombosis
	Acute Thrombosis
	Chronic Thrombosis
	Recurrent Thrombosis
	Central Vein Stenosis

	Superficial Vein Thrombosis
	Unusual Sites of Venous Thrombosis
	Differential Diagnosis and Incidental Findings
	Upper Extremity Veins
	Technique and Normal Anatomy
	Diagnostic Criteria


	Reflux
	Examination
	Superficial Veins
	Great Saphenous and Accessory Saphenous Veins
	Small Saphenous Vein and Its Thigh Extension
	Nonsaphenous Veins

	Perforator Veins
	Thigh Perforators
	Calf Perforators

	Deep Veins
	Deep Thigh Veins
	Popliteal Vein
	Deep Calf Veins


	Endovenous Procedures
	Patients with Recurrent Varicose Veins after Surgery
	Ultrasound-Directed Inferior Vena Cava Filter Placement
	Ultrasound Mapping  of the Extremity Veins
	Preoperative Mapping for Arteriovenous Fistulae
	Limitations of Duplex Ultrasonography
	Selected Key References
	References


	Chapter 19
	19 Arteriography
	Equipment
	Operating Room versus Imaging Suite
	Fixed-Mount versus Portable Equipment
	Catheters
	Contrast Agents
	Iodinated Contrast Agents
	Carbon Dioxide Arteriography
	Gadolinium Arteriography

	Devices for Injection of Contrast Agents
	Power Injection
	Manual Injection


	Techniques
	Image Processing
	Subtraction Tool and Masking
	Pixel Shifting
	View Tracing
	Roadmapping and Measuring

	Single-Injection Multiple–Linear  Field Arteriography
	Stage Technique
	Stepping Technique
	Limitations of Single-Injection  Multiple-Field Arteriography

	Rotational Arteriography
	Maximizing Image Quality during Arteriography

	Clinical Applications
	Limitations and Risks
	Sources of Error with Arteriography
	Risks from Contrast Agents
	Systemic Toxicity
	Cardiac Toxicity
	Hematologic Toxicity
	Nephrotoxicity
	Metformin.
	Prevention.

	Limitations and Risks of CO2 Contrast


	Future Advances
	Selected Key References
	References


	Chapter 20
	20 Venography
	Basic Principles
	Clinical Applications
	Ascending Venography
	Deep Venous Thrombosis
	Technique.
	Interpretation.

	Incompetent Perforating Veins
	Technique.
	Interpretation.

	Venous Aneurysms and Malformations
	Technique.
	Interpretation.


	Descending Venography
	Technique.
	Interpretation.


	Iliac Vein Assessment and Inferior Venacavography
	Technique
	Interpretation

	Venography during Treatment  of Iliocaval Stenosis
	Technique
	Interpretation

	Diagnostic Venography of Pelvic Congestion Syndrome
	Technique
	Interpretation

	Venography for Varicoceles
	Technique
	Treatment

	Renal Venography
	Technique
	Interpretation

	Diagnostic Angiography of Mesenteric or Portal Venous Thrombosis
	Technique
	Interpretation

	Diagnostic Venography  of Budd-Chiari Syndrome
	Technique
	Interpretation

	Upper Extremity Venography
	Technique
	Interpretation

	Central Thoracic Venography
	Technique
	Interpretation

	Pulmonary Arteriography
	Technique
	Interpretation

	Limitations and Risks
	Future Advances
	Acknowledgment
	Selected Key References
	References


	Chapter 21
	21 Radiation Safety
	Types of Radiation
	Measurement
	Absorbed Dose
	Equivalent Dose
	Effective Dose

	Biologic Effects of Radiation
	Deterministic Effects
	Stochastic Effects

	Exposure and Recommended Limits
	Background Radiation
	Occupational and Medical Exposure
	Recommended Dose Limits

	Principles of Radiation Protection
	Radiation Safety:  Diagnostic Procedures
	Radiation Safety:  Interventional Procedures
	Emission Control
	Time
	Distance
	Barriers
	Technique
	Monitoring Exposure

	Radiation and the  Endovascular Surgeon
	Radiation and Pregnancy
	Declaration of Pregnancy
	Fetal Risk from Radiation
	Malformations and Mental Retardation
	Cancer Risk
	Recommendations for Pregnant Workers
	Termination of Pregnancy


	Selected Key References
	References


	Chapter 22
	22 Computed Tomography
	Basic Principles
	Types of Scanners
	Single-Slice Sequential CT
	Spiral (Helical) CT
	Multislice (Multidetector) CT
	CT Angiography

	Acquisition Parameters
	Prescan Parameters
	kVp and mAs.
	Collimation.
	Table Feed and Pitch.
	Patient Positioning.
	Contrast Protocols.

	Postscan Parameters
	Increment.
	Slice Width.
	Field of View.
	Windowing.
	Reconstruction Algorithms.


	Dynamic CT Scanning
	Postprocessing
	Multiplanar Reformatting
	Measurements
	Three-Dimensional Reconstruction

	Optimization of Acquisition
	Post Hoc Image Optimization

	Clinical Application
	Aortic Disease
	Peripheral Arterial Occlusive Disease
	Renovascular Disease
	Venous Disease
	Vascular Malformations

	Limitations and Risks
	Radiation Dose
	Contrast-Induced Nephropathy

	Common Artifacts
	Partial-Volume Effects
	Beam-Hardening Artifacts
	Motion Artifacts
	Other Common Artifacts

	Special Pediatric Considerations
	Future Advances
	256-320+ Multislice CT
	CT versus Duplex Ultrasound and MR
	Positron Emission Tomography with CT
	Mobile CT and C-Arm CT

	Acknowledgment
	Selected Key References
	References


	Chapter 23
	23 Magnetic Resonance Imaging
	Basic Principles
	Characteristics of MR Images
	MR Pulse Sequences and Parameters
	MR Angiography and Venography
	Non–Contrast-Enhanced MR Angiography
	Contrast-Enhanced MR Angiography
	Step-Table MR Angiography
	Three-Dimensional Image Processing
	Hardware and Software for MR Angiography


	Clinical Applications  of MR Angiography
	Renovascular Disease
	Peripheral Vascular Disease
	Carotid Vascular Disease
	Aortic Vascular Disease
	Mesenteric Vascular Disease
	Venous Vascular Disease
	Other Applications

	Limitations and Risks
	Scan Artifacts
	Fat Saturation in Chest MR Angiography
	Susceptibility Artifact from  Concentrated Gadolinium
	High Intravascular Signal from Thrombus Containing Methemoglobin

	Contraindications to MRI
	Impaired Renal Function and Nephrogenic Systemic Fibrosis
	Pacemakers and Other Implanted Devices
	Vascular Stents, Filters, and Coils


	Future Advances
	3-Tesla MR Angiography
	Parallel Imaging
	Continuous Moving Table  and Time-Resolved MRA
	Blood Pool Contrast Agents
	Imaging of Blood Flow
	Plaque Imaging
	CTA versus MRA
	Acquisition Speed
	Dynamic Imaging
	Calcification and Other Imaging Artifacts
	Radiation Dose and Contrast Concerns
	Ease of Use and Convenience


	Selected Key References
	References


	Chapter 24
	24 Intravascular Ultrasound
	Technical Considerations
	Intravascular Ultrasound Systems
	Catheters and Probes
	Intravascular Ultrasound Images
	Color-Flow Intravascular Ultrasound
	Three-Dimensional Intravascular Ultrasound
	Virtual Histology Intravascular Ultrasound


	Clinical Applications
	Balloon Angioplasty and Stenting
	Endovascular Stent-Grafts for Abdominal  Aortic Aneurysms
	Thoracic Aortic Disease
	Venous Imaging
	Cost versus Benefit

	Limitations
	Future Advances
	Selected Key References
	References


	Chapter 25
	25 Vascular PET CT and SPECT CT
	Basic Principles
	Molecular Imaging of Atherosclerotic Plaques
	Challenges
	LDL-Macrophage Labeling
	Platelet and Fibrin Labeling
	Smooth Muscle Cell Labeling
	Apoptosis Marker Labeling
	Peptide Labeling
	Fluorodeoxyglucose

	Molecular Imaging of Other Vascular Disease
	Fluorodeoxyglucose
	Vasculitis.
	Vascular Graft Infection.



	Clinical Applications
	Molecular Imaging of Atherosclerosis
	FDG Uptake in Carotid Plaque
	Monitoring Treatment with FDG Uptake
	FDG-Avid Arterial Wall Calcification
	Change in Plaque FDG Uptake Over Time
	Other Tracers for Plaque Imaging

	Molecular Imaging of Aortic Pathology
	Abdominal Aortic Aneurysm
	Aortic Dissection

	Molecular Imaging of Vasculitis
	Molecular Imaging of Vascular Graft Infection
	Hybrid Imaging
	Radiolabeled WBC Imaging
	FDG PET Imaging
	Hybrid FDG PET/CT Imaging


	Limitations and Risks
	Future Advances
	Selected key References
	References


	Chapter 26
	26 Atherosclerotic Risk Factors:
	Risk Factors and Atherogenesis
	Interaction with Endothelial Cells:  Endothelial Dysfunction
	Macrophages
	T Lymphocytes
	Complement
	Platelets
	Vascular Smooth Muscle Cells
	Vulnerable Plaque

	Assessment and Management  of Risk Factors
	Classification of Risk Factors
	Conventional Risk Factors
	Predisposing Risk Factors
	Advanced Age
	Obesity
	Physical Inactivity
	Gender
	Family History and Genetics
	Behavioral and Socioeconomic Factors

	Conditional Risk Factors
	Homocysteine
	C-Reactive Protein
	Fibrinogen

	Emerging Factors and Markers of Atherosclerosis
	Inflammatory Markers
	Serum Amyloid A.
	White Blood Cell Count.
	Cytokines.
	Endothelial Adhesion Molecules.
	Circulating Soluble CD40 Ligand.
	Protease-Activated Receptors.
	Lipoprotein-Associated Phospholipase A2.

	Infection
	Vascular Calcification Markers
	Hemostatic Factors and Hypercoagulable States
	Matrix Metalloproteinases
	Adipokines
	Leptin.
	Adiponectin.

	Endothelial Progenitor Cells
	Creatinine
	Urate
	Microalbuminuria
	Oxidative Stress
	Oxidized LDL Cholesterol.
	Lectin-like Oxidized LDL Receptor-1.
	Myeloperoxidase.
	Dietary Antioxidants.

	Miscellaneous


	Factors Opposing Atherogenesis
	Factors Contributing to Acute Vascular Events
	Clinical Strategy
	Selected Key References
	References


	Chapter 27
	27 Atherosclerotic Risk Factors:
	Epidemiology
	Prevalence
	Tar and Nicotine Content
	Biology
	Endothelial Effects
	Hematologic Effects
	Physiologic Effects

	Relationship with Peripheral  Arterial Disease
	Effect of Smoking Cessation

	Benefits of Smoking Cessation
	Ankle Pressure
	Amputation Rate and Graft Patency
	Survival

	Smoking Cessation in Clinical Practice
	Nicotine Replacement Therapy
	Bupropion
	Varenicline
	Second-line Pharmacotherapies for Smoking Cessation: Nortriptyline and Clonidine
	Emerging Therapies for Smoking Cessation

	Overall Risk Factor Reduction
	Selected Key References
	References


	Chapter 28
	28 Atherosclerotic Risk Factors:
	Epidemiology
	Classification of Diabetes
	Type 1
	Type 2

	Diabetes and Vascular Disease
	Coronary Artery Disease
	Peripheral Artery Disease

	Vascular Evaluation of Patients  with Diabetes
	Pathophysiology of Vascular  Disease in Diabetes
	Dysmetabolism and Vascular Dysfunction
	Platelet Dysfunction and Coagulation Cascade

	Treatment of Patients with Diabetes  and PAD
	Preventive Foot Care
	Glycemic Control
	Risk Factor Control
	Dyslipidemia
	Hypertension
	Antiplatelet Therapy

	Medical Treatment for Symptomatic Improvement of PAD
	Exercise Therapy
	Cilostazol
	Pentoxifylline
	Statins
	ACE Inhibitors

	Referral for Revascularization

	Summary and Future Directions
	Selected Key References
	References


	Chapter 29
	29 Atherosclerotic Risk Factors:
	Physiology and Metabolism of Lipids
	Chylomicrons
	Very-Low-Density Lipoproteins
	Low-Density Lipoprotein
	High-Density Lipoproteins

	Pathophysiology of Atherosclerosis
	Diagnosis of Atherogenic  Lipid Disorders
	Fasting Lipid Profile
	Non–High-Density Lipoprotein Cholesterol  in Risk Assessment
	Lipoprotein (a)

	Evolution of the Guidelines for Management and Therapeutic Goals  for Lipoprotein Disorders
	Adult Treatment Panel I
	Adult Treatment Panel II
	Adult Treatment Panel III
	Coronary Heart Disease Risk Equivalents
	Risk Stratification

	Beyond Adult Treatment Panel III

	Clinical Trials of the Management  of Dyslipidemia in Peripheral  Arterial Disease
	Early Trials Linking Lipid Therapy  to Atherosclerosis

	Nonpharmacologic Therapy  for Dyslipidemia
	Dietary Changes
	Exercise

	Pharmacologic Therapy  for Dyslipidemia
	Statins
	Niacin
	Fibrate
	Bile Acid Sequestrants
	Ezetimibe
	Omega-3 Fatty Acids
	Cholesterol Ester Transfer Protein Inhibitors
	Combination Drug Therapy
	Homozygous Familial Hypercholesterolemia

	Selected Key References
	References


	Chapter 30
	30 Atherosclerotic Risk Factors:
	Epidemiology
	Scope of the Problem

	Diagnosis
	Definition
	Blood Pressure Measurement Technique
	Secondary Causes

	Pathologic Mechanisms of Hypertension and Atherosclerosis
	Animal Models of Hypertension
	Renin-Angiotensin System and Atherosclerosis
	Endothelial Dysfunction and Hypertension
	Renovascular Hypertension

	Management
	General Principles
	Lifestyle Modifications
	Antihypertensive Therapy

	Pharmacotherapy
	General Considerations
	Thiazide Diuretics
	Complications and Side Effects.

	Angiotensin-Converting Enzyme Inhibitors
	Complications and Side Effects.

	Angiotensin Receptor Blockers
	Complications and Side Effects.

	Calcium Channel Blockers
	Complications and Side Effects.

	Beta Blockers
	Complications and Side Effects.

	Loop Diuretics
	Complications and Side Effects.

	Potassium-Sparing Diuretics
	Complications and Side Effects.

	Alpha Blockers
	Complications and Side Effects.

	Centrally Acting Alpha Agonist
	Complications and Side Effects.

	Direct Vasodilators
	Complications and Side Effects.

	Renin Inhibitors
	Complications and Side Effects.


	Emerging Therapies
	Endothelin Antagonists
	Carotid Sinus Stimulation
	Renal Nerve Denervation


	Selected Key References
	References


	Chapter 31
	31 Preoperative Management
	General Preoperative Risk Assessment
	Specific Risk Factor and Organ  System Evaluation
	Cardiac Evaluation
	Preoperative Medical versus Interventional Therapy for Cardiac Disease

	Preoperative Management of Hypertension
	Pulmonary Evaluation
	Renal Evaluation
	Diabetes
	Deep Venous Thrombosis, Thromboembolism, and Antithrombotic Therapy
	Nutrition
	Adrenal Evaluation
	Musculoskeletal Considerations
	Infection
	Preoperative Anemia
	Urologic Evaluation
	Perioperative Medication Management

	Ethical and Legal Concerns
	Selected Key References
	References


	Chapter 32
	32 Intraoperative Management
	Anesthesia
	Homeostasis and the Response to Injury
	General Principles of Anesthesia
	Effects, Conduct, and Complications  of Anesthesia
	Local Anesthesia
	Moderate Sedation
	Regional Anesthesia
	Spinal/Epidural Anesthesia
	General Anesthesia

	Anesthesia Technique and Outcomes
	Aortic Surgery
	Infrainguinal Reconstructions
	Carotid Surgery


	Hemodynamic Monitoring
	Electrocardiography
	Pulse Oximetry
	Capnography

	Arterial Pressure
	Noninvasive Methods
	Invasive Methods

	Central Venous/Pulmonary Artery Cannulation
	Transesophageal Echocardiography

	Neurologic Monitoring
	Central Nervous System
	Spinal Nervous System

	Infection Control and Maintenance  of Homeostasis
	Perioperative Antibiotics
	Adrenergic Agents
	Maintenance of Normothermia
	Glycemic Control

	Anticoagulation/Antiplatelet Therapy
	Anticoagulation
	Antiplatelet Therapy
	Intraoperative Fibrinolysis

	Control of Blood Loss/Transfusion
	Compensatory Responses to Anemia and  Blood Loss
	Risks Associated with Allogeneic Transfusion
	Transfusion Triggers
	Transfusion Strategies

	Venous Thromboembolic Prophylaxis
	Intraoperative Safety
	Selected Key References
	References


	Chapter 33
	33 Postoperative Management
	Postoperative Triage
	Admission to the Intensive Care Unit and  High-Dependency Step-Down Unit
	Organizational Structure of the Intensive  Care Unit

	Hemodynamics and Pressure Monitoring
	Central Venous Catheters and Central  Venous Pressure
	Peripheral Arterial Lines
	Pulmonary Artery Catheters
	Echocardiography
	Intra-Abdominal Pressure

	Cardiovascular Complications
	Hypertension
	Hypotension
	Arrhythmias
	Tachyarrhythmias
	Atrial Fibrillation
	Bradyarrhythmias

	Postoperative Myocardial Infarction
	Diagnosis
	ST-Segment Elevation Myocardial Infarction
	Non–ST-Segment Elevation Myocardial Infarction


	Pulmonary Management
	Ventilatory Support
	Mechanical Ventilation
	Weaning
	Indications for Extubation

	Tracheostomy

	Bleeding
	Evaluation of Bleeding Patients
	Surgical Bleeding
	Coagulopathy
	Prolonged aPTT and Normal INR.
	Increased INR and Normal aPTT.
	Normal INR and aPTT.
	Increased INR and Increased aPTT.



	Fluids
	Infusion of Fluids
	Electrolyte Management

	Transfusion of Blood Products
	Red Blood Cells
	Platelets
	Fresh Frozen Plasma
	Cryoprecipitate
	Summary of the Transfusion of Blood Products

	Adjuncts in Hemostasis
	Complications of Massive Transfusion

	Renal Failure
	General Issues
	Gastrointestinal Ischemia
	Nutrition
	Pain Management
	Deep Venous Thrombosis Prophylaxis
	Bridging Postoperative Oral Anticoagulation
	Alcohol Withdrawal Syndrome
	Sedation and Delirium in the Intensive Care Unit

	Selected Key References
	References


	Chapter 34
	34 Normal Coagulation
	Procoagulant, Anticoagulant, and Fibrinolytic Proteins, Inhibitors,  and Receptors
	History and Nomenclature
	Vitamin K–Dependent Proteins
	Cofactor Proteins
	Soluble Plasma Procofactors
	Factor V.
	Factor VIII.

	Cell-Bound Cofactors
	Tissue Factor.
	Thrombomodulin.


	Complexes
	Intrinsic (Accessory) Pathway Proteins
	Stoichiometric Inhibitors
	Antithrombin
	Tissue Factor Pathway Inhibitor
	Heparin Cofactor II
	Protein C Inhibitor

	Endothelium and Platelets
	Endothelium
	Platelets

	Clot Proteins
	Fibrinolysis Proteins
	Fibrinolysis Activators
	Plasminogen/Plasmin.
	Tissue Plasminogen Activator.
	Urokinase Plasminogen Activator.

	Fibrinolysis Inhibitors
	Plasminogen Activator Inhibitor-1.
	α2-Antiplasmin.
	Thrombin-Activatable Fibrinolysis Inhibitor.



	Connectivity and Dynamics of  Blood Coagulation
	Initiation
	Propagation
	Termination
	Elimination/Fibrinolysis

	Blood Coagulation Monitoring
	Plasma Clotting Tests
	Prothrombin Time
	Activated Partial Thromboplastin Time
	Thrombin Time
	CAT Assays

	Platelet Function Tests
	Bleeding Time
	PFA-100 (Platelet Function Analyzer–100)
	Platelet Aggregometry
	Other Platelet Function Tests

	Whole-Blood Assays
	Activated Clotting Time
	Thromboelastography

	Future Coagulation Assays

	Acknowledgment
	Selected Key References
	References


	Chapter 35
	35 Antithrombotic Therapy
	Antiplatelet Drugs
	Role of Platelets in Arterial Thrombosis
	Aspirin
	Mechanism of Action
	Indications
	Dosages
	Side Effects
	Aspirin Resistance
	Perioperative Aspirin Management

	P2Y12 Antagonists
	Mechanism of Action
	Indications
	Dosing
	Side Effects
	Clopidogrel Resistance
	Perioperative Management

	Dipyridamole
	Mechanism of Action
	Dosing
	Side Effects
	Indications
	Perioperative Management

	Glycoprotein IIb/IIIa Receptor Antagonists
	Mechanism of Action
	Dosing
	Side Effects
	Indications
	Perioperative Management

	New Antiplatelet Agents

	Anticoagulants
	Parenteral Anticoagulants
	Heparin
	Mechanism of Action.
	Pharmacology of Heparin.
	Monitoring the Anticoagulant Effect of Heparin.
	Dosing.
	Limitations of Heparin.
	Side Effects.
	Bleeding.
	Thrombocytopenia.
	Osteoporosis.
	Elevated Levels of Transaminases.

	Perioperative Management.

	Low-Molecular-Weight Heparin
	Mechanism of Action.
	Pharmacology of LMWH.
	LMWH Monitoring.
	LMWH Dosing.
	Side Effects.
	Bleeding.
	Thrombocytopenia.
	Osteoporosis.

	Perioperative Management.

	Fondaparinux
	Mechanism of Action.
	Pharmacology of Fondaparinux.
	Side Effects.
	Perioperative Management.


	Parenteral Direct Thrombin Inhibitors
	Lepirudin
	Argatroban
	Bivalirudin

	Oral Anticoagulants
	Warfarin
	Mechanism of Action.
	Pharmacology.
	Monitoring.
	Dosing.
	Side Effects.
	Bleeding.
	Skin Necrosis.
	Pregnancy.

	Special Problems.
	Perioperative Management.

	New Oral Anticoagulants
	Apixaban.
	Rivaroxaban.
	Dabigatran Etexilate.
	Dosing.
	Monitoring.
	Side Effects.
	Periprocedural Management.
	Management of Bleeding.
	Pregnancy.



	Future Directions
	Selected References
	References


	Chapter 36
	36 Thrombolytic Agents
	History
	Thrombolytic Drug Administration
	Systemic/Intravenous Thrombolysis
	Catheter-Directed Thrombolysis
	CDT with Mechanical Thrombectomy
	Monitoring
	Complications
	Hemorrhagic
	Antigenicity Related
	Catheter Related
	Embolic

	Contraindications

	Thrombolytic Agents
	The Ideal Thrombolytic Agent
	Plasminogen Activators
	Streptokinase
	Urokinase

	Recombinant Plasminogen Activators
	Recombinant Urokinase
	Alteplase
	Reteplase
	Tenecteplase

	Novel Plasminogen Activators
	Staphylokinase
	Desmoteplase

	Direct-Acting Thrombolytic Agents
	Plasmin


	Clinical Applications
	Acute Myocardial Infarction
	Pulmonary Embolism
	Acute Ischemic Stroke
	Acute Limb Ischemia
	Venous Applications
	Arteriovenous Graft Occlusion
	Central Catheter Occlusion

	Selected Key References
	References


	Chapter 37
	37 Coagulopathy and Hemorrhage
	Diagnosis and Preoperative Screening for Bleeding Disorders
	History and Examination
	Laboratory Testing
	Risk Stratification
	Level I.
	Level II.
	Level III.
	Level IV.

	Proper Blood Drawing
	Specific Laboratory Tests
	Prothrombin Time.
	Activated Partial Thromboplastin Time.
	Thrombin Time.
	Activated Blood Clotting Time.
	Bleeding Time.
	Thromboelastography.
	Fibrin Degradation Products.
	Euglobulin Lysis Time.



	Inherited Coagulopathies
	Platelet Disorders
	von Willebrand Disease
	Giant Platelet Disorders
	Glanzmann’s Thrombasthenia
	Storage Pool Disorders

	Hemophilia
	Pathogenesis
	Diagnosis
	Management


	Acquired Coagulopathies
	Platelet Disorders
	Uremia
	Vitamin K–Related Disorders
	Disseminated Intravascular Coagulation
	Pathogenesis
	Etiology
	Clinical Phases
	Management

	Primary Fibrinolysis
	Fibrinolytic System
	Pathogenesis
	Etiology/Diagnosis
	Management


	Drug-Induced Coagulopathies
	Heparins
	Warfarin
	Thrombin Inhibitors
	Intravenous
	Oral

	Antiplatelet Agents
	Therapeutic Thrombolysis

	Hypothermia
	Acidosis
	Dilution
	Treatment
	Packed Red Blood Cells
	Platelets
	Fresh Frozen Plasma
	Cryoprecipitate
	Desmopressin
	Vitamin K
	Protamine Sulfate
	Factor VIIa
	Antifibrinolytic Agents
	Aminocaproic Acid and Tranexamic Acid
	Aprotinin


	Intraoperative Bleeding
	Mechanical Tools
	Electrosurgery
	Argon Beam Coagulator
	Radiofrequency Devices

	Topical Hemostatic Agents
	Mechanical Agents
	Gelatin
	Oxidized Cellulose
	Collagen
	Polysaccharide Spheres

	Active Hemostatic Agents
	Thrombin: Liquid/Gel Products
	Thrombin: Solid products

	Sealants
	FloSeal, Tisseel, Evicel
	Dry Fibrin Sealant Dressings
	Tissue Glue

	Newer Agents
	Chitins
	Chitosans
	Mineral Zeolite
	Lysine Analogues


	Postoperative Bleeding
	Selected Key References
	References


	Chapter 38
	38 Hypercoagulable States
	Pathophysiology
	Congenital Hypercoagulability
	Classification
	Group 1 Thrombophilia
	Antithrombin Deficiency
	Pathogenesis and Incidence.
	Types.
	Clinical Presentation and Management.

	Protein C Deficiency
	Pathogenesis and Incidence.
	Types.
	Clinical Presentation and Management.

	Protein S Deficiency
	Pathogenesis and Incidence.
	Types.
	Clinical Presentation and Management.


	Group 2 Thrombophilia
	Factor V Leiden (Activated Protein C Resistance)
	Pathogenesis and Incidence.
	Clinical Presentation and Management.

	Prothrombin Gene Mutation G20210A
	Pathogenesis and Incidence.
	Clinical Presentation and Management.

	Elevated Factors VII, XI, and IX
	Pathogenesis and Incidence.
	Clinical Presentation and Management.

	Hyperhomocysteinemia
	Lipoprotein(a)
	Sticky Platelet Syndrome

	Idiopathic (Unprovoked) Venous Thrombosis

	Acquired Hypercoagulability
	Antiphospholipid Antibody Syndrome
	Pathogenesis and Incidence
	Diagnosis
	Clinical Presentation and Management

	Cancer
	Pathogenesis and Incidence
	Clinical Presentation and Management
	Venous.
	Arterial.


	Pregnancy and Oral Contraceptives
	Pregnancy
	Pathogenesis and Incidence.
	Clinical Presentation and Management.

	Oral Contraceptives
	Pathogenesis and Incidence.


	Heparin-Induced Thrombocytopenia
	Pathogenesis and Incidence
	Diagnosis and Management

	Obesity

	Evaluation of the Patient with Suspected Thrombophilia
	Selected References
	References


	Chapter 39
	39 Systemic Complications:
	Epidemiology
	Prevalence of Coronary Disease

	Cardiac Complications
	Definition of Adverse Cardiac Events
	Myocardial Infarction
	Congestive Heart Failure
	Cardiac Death
	Perioperative Myocardial Injury

	Definition of Myocardial Infarction
	Type 1 MI
	Type 2 MI
	Cardiac Biomarkers
	Postoperative Troponin Elevations and Mortality.

	Electrocardiography
	Cardiac Imaging

	Pathogenesis of Perioperative  Myocardial Infarction
	Incidence of MI after Vascular Surgery

	Preoperative Cardiac Evaluation
	Cardiac Risk Indices
	Preoperative Laboratory Testing
	Complete Blood Count
	Creatinine
	Blood Glucose
	Preoperative Biomarkers
	Resting Electrocardiogram
	Chest Radiography
	Echocardiography
	Ambulatory ST-Segment Monitoring

	Concept of Preoperative Cardiac Investigations
	Preoperative Noninvasive (Stress) Testing
	Exercise Stress Testing
	Myocardial Perfusion Imaging
	Positron Emission Tomography
	Cardiac MRI
	Dobutamine Stress Echocardiography
	Computed Tomography Coronary Angiography

	Preoperative Coronary Angiography  and Revascularization

	Medical Prophylaxis
	Beta Blockade
	Statins
	Aspirin
	Antiplatelet Therapy after Coronary Stenting

	Treatment
	Selected Key References
	References


	Chapter 40
	40 Systemic Complications:
	Risk Factors
	Patient-Related Risk Factors
	Chronic Lung Disease
	Asthma
	Smoking
	General Health Status
	Obesity
	Age
	Upper Respiratory Infection
	Metabolic Factors

	Procedure-Related Risk Factors
	Surgical Site
	Duration of Surgery
	Type of Anesthesia
	Type of Neuromuscular Blockade

	Perioperative and Postoperative Risk Factors

	Preoperative Evaluation
	Pulmonary Function Testing
	Arterial Blood Gas Analysis  and Chest Radiography
	Pulmonary Risk Indices

	Perioperative Pulmonary Physiology
	Clinical Presentation
	Atelectasis
	Nosocomial Pneumonia
	Aspiration and Aspiration Pneumonia
	Acute Respiratory Failure
	Acute Respiratory Distress Syndrome

	Medical Treatment
	Patient Optimization and Prevention of Respiratory Complications
	Comorbid Conditions
	Lung Expansion
	Antibiotic Prophylaxis
	Pain Control
	Pneumonia

	Medical Management of Complications
	Acute Respiratory Failure
	Acute Respiratory Distress Syndrome
	Pneumonia

	Alternative Modes of Mechanical Ventilation
	Noninvasive Positive Pressure Ventilation
	Advanced or Nontraditional Ventilatory Modes


	Selected Key References
	References


	Chapter 41
	41 Systemic Complications:
	Renal Anatomy
	Renal Function
	Neuroendocrine Modulators of Renal Function
	Paracrine and Endocrine Modulators of  Renal Function

	Renal Dysfunction After Vascular and Endovascular Procedures
	General Approach to Patients with  Renal Dysfunction
	Acute Renal Dysfunction: Causes
	Prerenal.
	Postrenal.
	Parenchymal.



	Ischemic Injury to the Kidney
	Acute Ischemic Renal Injury
	Chronic Ischemia and Ischemic Nephropathy
	Toxic Injury and Angiography

	Altered Renal Function During  Aortic Surgery
	Fluid Shifts Associated with Aortic Surgery
	Renal Failure Associated with Aortic Surgery
	Protection of Renal Function During  Aortic Surgery

	Medical Therapy
	Chronic Kidney Disease
	Acute Renal Failure
	Dialysis
	Ultrafiltration and Hemofiltration
	Peritoneal Dialysis

	Acknowledgment
	Selected Key References
	References


	Chapter 42
	42 Local Complications:
	Incidence
	Classification
	Pathogenesis
	Etiology
	Cellular and Biomolecular Events

	Clinical Sources of Infection
	Perioperative Contamination
	Bacteremia
	Mechanical Erosion
	Involvement by a Contiguous Infectious Process

	Risk Factors
	Impaired Host Defenses

	Bacteriology
	Prevention
	Principles
	Topical Antibiotics
	Prophylactic Antibiotics


	Diagnosis
	Clinical Manifestations
	Imaging Studies
	Contrast-Enhanced Computed Tomography and Computed Tomographic Angiography
	Ultrasonography
	Magnetic Resonance Imaging
	Functional White Blood Cell Scanning
	Endoscopy
	Arteriography
	Computed Tomography–Guided Aspiration  versus Operative Findings

	Culture Techniques

	Surgical Treatment and Outcomes
	Treatment Considerations
	Graft Preservation
	Graft Excision and Extra-Anatomic Bypass
	Need for Revascularization
	Graft Excision
	Timing of Limb Revascularization

	In Situ Graft Replacement
	Autologous Graft Replacement
	Neo-Aortoiliac System Reconstruction
	Antibiotic-Treated Prosthetic Grafts
	Cryopreserved Arterial Allografts

	Treatment Adjuncts
	Antimicrobial Agents
	Antibiotic-Loaded Beads
	Local Muscle Coverage
	Sartorius Muscle Flaps.
	Femoral Rotational Muscle Flap.



	Other Vascular Prosthetic Infections
	Endovascular Device Infection
	Thoracic Aortic and Supra-Aortic Branch Prosthetic Infections

	Acknowledgements
	Selected Key References
	References


	Chapter 43
	43 Local Complications:
	Primary Aortoenteric Fistula
	Incidence, Etiology, and Pathogenesis

	Secondary Aortoenteric Fistula
	Incidence and Etiology
	Pathogenesis
	Infection
	Pulsatile Pressure
	Technical Error

	Aortoenteric Fistula after Endovascular Repair

	Clinical Presentation
	Diagnosis
	Investigations
	Computed Tomography
	Esophagogastroduodenoscopy
	Angiography
	Other Tests


	Treatment
	Urgent Surgical Treatment of Hemorrhage
	Surgical Treatment in Stable Patients
	Primary Aortoenteric Fistula
	Secondary Aortoenteric Fistula
	Graft Excision without Replacement
	In-Situ Aortic Graft Replacement
	Neo-Aortoiliac System Procedure
	Extra-Anatomic Revascularization
	Endovascular Repair


	Results and Conclusions
	Selected Key References
	References


	Chapter 44
	44 Local Complications:
	Incidence
	Pathogenesis
	Local Factors
	Arterial Wall Degeneration
	Suture Line Disruption
	Graft Failure
	Infection and/or Inflammation
	Technical Errors
	Mechanical Stress

	Systemic Factors
	Prevention

	Clinical Diagnosis
	History and Physical Examination
	Imaging

	Surgical Treatment
	Indications for Treatment
	Principles of Treatment
	Open Repair
	Femoral Anastomosis
	Aortic Anastomosis
	Iliac Anastomosis
	Carotid Anastomosis

	Endovascular Repair
	Femoral Anastomosis
	Aortic Anastomosis
	Iliac Anastomosis
	Carotid Anastomosis


	Results
	Selected Key References
	References


	Chapter 45
	45 Local Complications:
	Prevention: Techniques of  Graft Assessment
	Inspection, Palpation, and Measurement of Flow
	Arteriography
	Ultrasonography
	Continuous-Wave Doppler
	B-Mode Ultrasonography
	Duplex Ultrasonography

	Angioscopy
	Intravascular Ultrasonography
	Miscellaneous Modalities

	Pathogenesis of Graft Thrombosis
	Therapeutic Approach
	Documentation of Graft Thrombosis
	Assessment of Neurologic Status
	Anticoagulation
	Etiologic Assessment
	Early Graft Failure (0-30 Days)
	Late Graft Failure (>30 Days)


	Selected Key References
	References


	Chapter 46
	46 Local Complications:
	Femoral Access Site Complications
	Groin Hematoma
	Etiology and Manifestations
	Management

	Retroperitoneal and Inguinal Canal Hematoma
	Manifestations and Diagnosis
	Management

	Arteriovenous Fistula
	Etiology, Manifestations, and Incidence
	Management

	Pseudoaneurysm
	Etiology and Manifestations
	Management
	Ultrasound-Guided Compression.
	Ultrasound-Guided Thrombin Injection.
	Conservative Management.
	Surgical Management.


	Thrombosis

	Axillary and Brachial  Access Complications
	Nerve Injury
	Thrombosis

	Percutaneous Closure  Device Complications
	Bleeding Complications
	Ischemic Complications
	Infectious Complications

	Procedure-Specific Complications
	Dissection
	Balloon Angioplasty Dissection
	Wire, Catheter, or Device Dissection
	Subintimal Angioplasty

	Embolization
	Management

	Perforation
	Wire Perforation
	Angioplasty Perforation
	Atherectomy Perforation
	Sheath-Related Arterial Injury and Perforation


	Other Complications of  Endovascular Procedures
	Thrombolysis
	Stents
	Device Fracture or Embolization

	Complications of Venous Interventions
	Angioplasty and Stenting
	Inferior Vena Cava Filter Complications

	Selected Key References
	References


	Chapter 47
	47 Local Complications:
	Post-Bypass Edema
	Etiology and Pathogenesis
	Diagnosis
	Management
	Prevention

	Lymphatic Fistula
	Etiology
	Diagnosis
	Management

	Lymphocele
	Groin Lymphocele
	Retroperitoneal Lymphocele
	Diagnosis
	Management

	Chylous Ascites
	Diagnosis
	Management
	Prevention

	Thoracic Duct Fistula
	Chylothorax
	Diagnosis
	Management
	Prevention

	Selected Key References
	References


	Chapter 48
	48 Local Complications:
	Structure of a Peripheral Nerve
	Causes of Nerve Damage
	Ischemic Nerve Injury
	Acute Ischemia
	Chronic Ischemia

	Traumatic Nerve Injury
	Other Causes of Nerve Injury

	Diagnostic Evaluation
	History
	Physical Examination and Noninvasive Testing
	Vascular Testing
	Neurologic Testing

	Electromyography and Nerve Conduction Studies

	General Principles of Treatment
	Acute Ischemic Neuropathy
	Pain Control
	Trauma


	Specific Nerve Injuries
	Brachial Plexus and Upper Extremity
	Anatomy
	Etiology
	Surgical Dissection.
	Compression.
	Hemodialysis Access.
	Radial Artery Harvest.

	Clinical Findings
	Treatment and Prognosis

	Spinal Cord and Lumbosacral Plexus Injury
	Anatomy
	Etiology
	Ischemia.
	Trauma.
	Compression.

	Clinical Findings
	Treatment and Prognosis

	Femoral Nerve Injury
	Anatomy
	Etiology
	Traction.
	Surgical Trauma.
	Compression.
	Ischemia.

	Clinical Findings
	Treatment and Prognosis

	Saphenous Nerve
	Anatomy
	Etiology
	Clinical Findings
	Treatment and Prognosis

	Tibial and Peroneal Nerve Injury
	Anatomy
	Etiology
	Clinical Findings
	Treatment and Prognosis

	Other Nerves

	Selected Key References
	References


	Chapter 49
	49 Acute Deep Venous Thrombosis:
	Epidemiology
	Incidence
	Populations Affected
	Recurrence
	Mortality
	Risk Factors
	Age
	Immobilization
	Travel
	History of Venous Thromboembolism
	Malignant Disease
	Surgery
	Trauma
	Inherited Thrombophilia
	Prothrombin Gene Mutation.
	Factor V Leiden Mutation.
	Protein C.
	Protein S.
	Antithrombin.
	Hyperhomocysteinemia.
	Other Inherited Thrombophilias.

	Pregnancy
	Oral Contraceptives and Hormonal Therapy
	Blood Group
	Geography and Ethnicity
	Central Venous Catheters
	Inflammatory Bowel Disease
	Systemic Lupus Erythematosus
	Varicose Veins and Superficial Thrombophlebitis
	Iliac Vein Compression
	Upper Extremity Compression
	Popliteal Vein Entrapment
	Inferior Vena Cava Anomalies
	Other Risk Factors


	Pathophysiology
	Virchow’s Triad
	Endothelium and Hemostasis
	Inflammation and Thrombosis
	Plasminogen System
	Thrombus Resolution and Vein Wall Remodeling
	Stasis
	Activation of Coagulation

	Natural History
	Thrombus Evolution as Determined by Noninvasive Studies
	Complications
	Pulmonary Embolism
	Pulmonary Hypertension
	Postthrombotic Syndrome
	Mortality
	Calf Vein Thrombosis


	Selected Key References
	References


	Chapter 50
	50 Acute Deep Venous Thrombosis:
	Clinical Assessment
	Diagnostic Tests
	D-Dimer
	Duplex Ultrasonography
	Plethysmography
	Venography
	Computed Tomographic Venography
	Magnetic Resonance Venography
	18F-FDG PET/CT

	Diagnostic Strategies
	Risk Assessment
	Diagnostic Strategies for Symptomatic Deep Venous Thrombosis
	Diagnosis of Deep Venous Thrombosis in Emergency Departments
	Age of the Thrombus and Diagnosis  of Rethrombosis

	Selected Key References
	References


	Chapter 51
	51 Acute Deep Venous Thrombosis:
	Epidemiology and Natural History of Venous Thromboembolism
	Prevention of Venous Thromboembolism
	Evidence-Based Guidelines versus Real  Clinical Practice

	Risk of Deep Venous Thrombosis
	Risk Factors
	Risk Assessment Models

	Methods of Prophylaxis
	General Measures
	Mechanical Methods of Prophylaxis
	Elastic Compression Stockings
	Intermittent Pneumatic Compression
	Foot Compression Devices

	Pharmacologic Methods of Prophylaxis
	Unfractionated Heparin (UFH)
	Low-Molecular-Weight Heparins (LMWHs)
	Oral Vitamin K Antagonists
	Aspirin
	New Antithrombotic Anticoagulants
	Factor Xa Inhibitors
	Indirect: Fondaparinux.
	Direct Oral Factor Xa Inhibitors: Rivaroxaban, Apixaban, and Edoxaban.

	Direct Thrombin Inhibitors
	Hirudin.
	Dabigatran Etexilate.
	Emergent Reversal of the New Anticoagulants.



	Combination of Mechanical and  Pharmacologic Methods
	Recommendations for Prophylaxis of Venous Thromboembolism in Surgical Patients
	Vascular Surgery
	Multiple Trauma
	Laparoscopic Surgery
	Bariatric Surgery
	General Nonorthopedic and Cancer Surgery
	Orthopedic Surgery
	Neurosurgery

	Timing and Duration of Prophylaxis
	Timing
	Duration

	Bleeding Complications in Surgical Patients Receiving Anticoagulants
	Neuroaxial Anesthesia in Patients Receiving  Low-Molecular-Weight Heparin

	Physician Attitudes and Practices
	Prophylaxis for Medical Patients

	Treatment of Deep Venous Thrombosis
	Initial Treatment of Deep Venous Thrombosis
	Mobilization and Leg Elevation
	Anticoagulation
	Unfractionated Heparin.
	Low-Molecular-Weight Heparins.
	Fondaparinux.
	New Direct Oral Anticoagulants.


	Treatment of Calf Deep Venous Thrombosis
	Long-Term Treatment of Deep  Venous Thrombosis
	Elastic Stockings for Prevention  of the Postthrombotic Syndrome

	Selected Key References
	References


	Chapter 52
	52 Acute Deep Venous Thrombosis:
	Postthrombotic Syndrome
	Morbidity
	Etiology

	Rationale for Thrombus Removal
	Randomized Trials of  Catheter-Directed Thrombolysis
	Strategies for Thrombus Removal
	Thrombolytic Therapy
	Intrathrombus Catheter-Directed Thrombolysis
	Outcomes from the National Venous Registry.

	Pharmacomechanical Thrombolysis
	Endovascular Mechanical Thrombectomy.
	Ultrasound-Accelerated Thrombolysis.
	Isolated Segmental Pharmacomechanical Thrombolysis.


	Operative Venous Thrombectomy
	Technique of Contemporary  Venous Thrombectomy
	Preoperative Care.
	Operative Care.
	Postoperative Care.



	Choosing the Appropriate  Treatment Option
	Risk Assessment
	Patient Selection
	Pretreatment Evaluation
	Importance of Imaging


	Published Guidelines
	Interventional Treatment of  Pulmonary Embolism
	Systemic Thrombolysis
	Catheter-Based Thrombolysis
	Pharmacomechanical Thrombolysis
	Pharmacomechanical Devices

	Patient Evaluation

	Selected Key References
	References


	Chapter 53
	53 Vena Cava Interruption and Pulmonary Embolism
	Filter Design
	Design Considerations
	Individual Filters

	Clinical Indications
	Permanent versus Optional Filter
	Specific Patient Groupings
	Trauma Patients
	Patients Undergoing Bariatric Surgery
	Patients Undergoing Orthopedic Surgery
	Patients with Cancer
	High-Risk General Surgery Patients
	Pregnant Patients


	Inferior Vena Cava Filters
	Anatomic Considerations
	Technical Considerations
	Venographically Guided Filter Placement
	Transabdominal Duplex Ultrasound–Guided  Filter Placement
	Intravascular Ultrasound–Guided Filter Placement
	Filter Retrieval


	Superior Vena Cava Filters
	Vena Cava Filters for  Pulmonary Embolism
	Clinical Assessment
	Clinical Symptoms and Signs
	Risk Factors

	Diagnostic Algorithm
	Clinical Probability Assessment
	D-Dimer Testing
	Diagnostic Imaging
	Treatment

	Future Research
	Selected Key References
	References


	Chapter 54
	54 Superficial Thrombophlebitis
	Epidemiology and Pathogenesis
	Risk Factors
	Involvement of Deep Veins
	Thrombophilia

	Clinical Presentation
	Superficial Thrombophlebitis with Varicose Veins
	Traumatic Thrombophlebitis
	Septic and Suppurative Thrombophlebitis
	Migratory Thrombophlebitis
	Mondor’s Disease
	Small Saphenous Vein Superficial Thrombophlebitis
	Upper Extremity Superficial Thrombophlebitis
	Superficial Thrombophlebitis after Endovascular Venous Obliteration

	Diagnosis
	Treatment
	Low-Molecular-Weight Heparin
	Nonsteroidal Anti-inflammatory Drugs
	Surgery
	Topical Therapy

	Selected Key References
	References


	Chapter 55
	55 Chronic Venous Disorders:
	Epidemiology
	Pathogenesis
	Macrocirculatory Dysfunction
	Genetic Predisposition
	Venous Microcirculatory Disturbances  and Dysfunction

	Clinical Manifestations
	History and Physical Examination
	Classification and Severity
	Clinical Outcomes Assessment: Quality of Life
	Differential Diagnosis

	Diagnostic Evaluation
	Noninvasive Testing
	Venous Duplex Imaging
	Photoplethysmography
	Air Plethysmography
	Computed Tomography
	Magnetic Resonance Venography
	Other Techniques

	Invasive Testing
	Phlebography
	Ambulatory Venous Pressure
	Intravascular Ultrasound


	Treatment Selection
	Medical Management
	Compression Therapy
	Wound and Skin Care
	Pharmacologic Therapy
	Exercise

	Interventional Management
	Sclerotherapy
	Endovenous Ablation
	Endovenous Deep System Therapy
	Surgical Management
	Ligation and Stripping and Venous Phlebectomy.
	Subfascial Endoscopic Perforator Surgery.
	Valve Reconstruction.



	Selected Key References
	References


	Chapter 56
	56 Chronic Venous Disorders:
	Nonoperative Treatment of Chronic  Venous Disease
	Lifestyle Modification
	Exercise
	Leg Elevation

	Compression Therapy
	Gradient Elastic Stockings and CircAid Garment
	Gradient Compression Stockings in C1-C2 Disease
	Surgery versus Compression in C2-C3 Disease
	Gradient Compression Stockings in C4-C6 Disease
	CircAid Garment
	Unna Boot
	Layered Elastic and Nonelastic  Compression Bandages
	Intermittent Pneumatic Compression
	Surgery versus Compression in C6 Disease.


	Pharmacologic Therapies
	Diuretics
	Zinc
	Fibrinolytic Agents
	Pentoxifylline
	Phlebotropic Agents
	Prostaglandins
	Other Medications


	Selected Key References
	References


	Chapter 57
	57 Varicose Veins:
	Decision Making
	Natural History
	Treatment Options
	Patient Risk Assessment
	Anatomic Considerations
	Great Saphenous Vein
	Small Saphenous Vein
	Gastrocnemius Veins
	Intersaphenous Vein
	Neurovascular Relationships in the Popliteal Fossa.


	Perforating Veins
	Proximal Veins

	Surgical Techniques
	High Ligation of the Great Saphenous Vein
	Great Saphenous Vein Stripping
	Adjunctive Considerations for Stripping Procedures
	Ultrasound Guidance.
	Tumescent Anesthesia.
	Minimization of Accumulation of Blood in the Stripping Tunnel.
	Leg Elevation before and during Stripping.
	Proximal Tourniquet.


	Surgery on the Small Saphenous Vein and Veins of the Popliteal Fossa
	Operative Technique

	Excision of Local Varicosities  (Ambulatory Phlebectomy)

	Transilluminated Powered  Phlebectomy (TriVex)
	Saphenous-Sparing Operations
	CHIVA
	ASVAL
	Endovenous Thermal Ablation

	Results
	Results of Surgery on the Great Saphenous Vein versus Conservative/Nonoperative Treatment
	Comparison of Results of Endovenous Ablation versus Ligation and Stripping of the Great Saphenous Vein
	Results of Surgical Treatment of Veins  of the Popliteal Fossa

	Multimodality; Individualized Care
	Patient Management and  Reimbursement Considerations
	Indications for Ligation and Stripping of the Great Saphenous Vein in the Current Climate Favoring Endovenous Thermal Ablation

	Selected Key References
	References


	Chapter 58
	58 Varicose Veins:
	Relevant Anatomy
	Great Saphenous, Small Saphenous,  and Perforating Veins
	Reticular Veins
	Telangiectasias

	Diagnostic Evaluation
	Treatment Selection
	Radiofrequency Ablation
	Preoperative Planning
	Radiofrequency Ablation Procedure
	Discharge and Follow-up
	Complications
	Clinical Results

	Endovenous Laser Ablation
	Laser Wavelengths
	Preoperative Planning
	Endovenous Laser Ablation Procedure
	Procedure Variations.

	Discharge and Follow-up
	Complications
	Clinical Results

	Sclerotherapy
	Sclerosing Agents
	Osmotic Agents.
	Alcohol Agents.
	Detergent Agents.

	Preoperative Planning
	Sclerotherapy Procedure
	Liquid Sclerotherapy.
	Ultrasound-Guided Foam Sclerotherapy.
	Catheter-Directed Sclerotherapy.

	Discharge and Follow-up
	Complications
	Clinical Results

	Comparison of Outcomes of Radiofrequency Ablation, Endovenous Laser Ablation, Sclerotherapy, and Surgery
	Mechanicochemical Ablation  and Adhesive Closure
	Cutaneous Lasers and Intense Pulse Light
	Preoperative Planning
	Cutaneous Laser and Intense Pulse Light Procedure
	Discharge and Follow-up
	Complications
	Clinical Results


	Selected Key References
	References


	Chapter 59
	59 Chronic Venous Insufficiency:
	Pathophysiology
	Normal Perforating Veins
	Hemodynamic Impact of Perforating  Vein Incompetence
	Clinical Correlations of Perforating  Vein Incompetence

	Anatomy
	Diagnostic Evaluation
	Clinical Investigation (CEAP Level 1)
	Noninvasive Vascular Investigation  (CEAP Level 2)

	Indications for Interruption
	Operative Planning Options
	Open Surgery
	Subfascial Endoscopic Perforator Surgery
	Results and Complications

	Percutaneous Ablation of  Perforating Veins
	Techniques
	Laser Ablation
	Radiofrequency Ablation
	Sclerotherapy

	Results and Complications
	Postoperative Management

	Selected Key References
	References


	Chapter 60
	60 Chronic Venous  Insufficiency:
	Pathogenesis
	Etiology
	Hemodynamics

	Diagnostic Evaluation
	History and Physical Examination
	Noninvasive Evaluation
	Invasive Evaluation

	Treatment Selection
	Natural History and Patient Risk Assessment
	Treatment Options

	Surgical Treatment
	Relevant Anatomy
	Operative Planning
	Techniques
	Overall Exposure
	Internal Valvuloplasty
	External Valvuloplasty
	External Banding
	Valve Transplantation
	Valve Transposition

	Postoperative Management
	Results
	Complications and Initial Results
	Late Results
	Internal Valvuloplasty.
	External Valvuloplasty.
	External Banding.
	Valve Transplantation.
	Valve Transposition.
	Multilevel Valve Reconstruction.
	Overview.


	Follow-up
	Monitoring and Management


	Endovascular Treatment
	Venous Valve Substitutes
	Selected Key References
	References


	Chapter 61
	61 Iliocaval Venous Obstruction:
	Chronic Iliocaval Venous Occlusion
	Etiology
	Preoperative Evaluation
	History and Physical Examination
	Noninvasive Venous Evaluation
	Contrast-Enhanced Phlebography

	Factors Affecting Graft Patency
	Venous Grafts and Adjuncts to Improve Patency
	Venous Graft Material
	Arteriovenous Fistula
	Thrombosis Prophylaxis
	Graft Surveillance

	Indications for Surgical Treatment
	Surgical Procedures
	Saphenopopliteal Bypass
	Cross-Pubic Venous Bypass (Palma Procedure)
	Technique.
	Results.

	Prosthetic Femorocaval, Iliocaval, or Inferior Vena Caval Bypass
	Technique.
	Results.

	Combined Endovascular and Open Reconstruction
	Iliac Vein Decompression
	Technique.
	Results.

	Suprarenal Inferior Vena Cava Reconstruction
	Technique.
	Results.



	Pelvic-Renal Congestion Syndrome
	Incidence
	Anatomy of the Pelvic Venous System
	Pathophysiology

	Clinical Findings
	Diagnosis
	Noninvasive Investigations
	Duplex Scanning.
	Computed Tomographic and Magnetic Resonance Venography.

	Phlebography
	Differential Diagnosis

	Treatment
	Medical Treatment
	Conventional and Laparoscopic Surgery
	Endovascular Treatment
	Techniques.



	Nutcracker Syndrome
	Anatomy
	Pathology
	Clinical Findings
	Diagnostic Evaluation
	Duplex Scanning
	Computed Tomographic and Magnetic  Resonance Angiography
	Contrast-Enhanced Phlebography  and Pressure Measurements
	Urologic Investigations
	Biologic Investigations

	Treatment
	Embolization
	Surgical Treatment
	Stenting


	Selected Key References
	References


	Chapter 62
	62 Iliocaval Obstruction:
	Clinical Findings
	Patient Selection
	Lack of Reliable Tests
	After Deep Venous Thrombosis
	Awareness of Iliac Vein Compression
	Evaluation of Venous Hemodynamics
	Critical Venous Stenosis
	Plethysmography
	Femoral Venous Pressure

	Investigations of the Venous Morphology
	Venography
	Ultrasound Scanning
	Intravascular Ultrasound

	Current Indications for Stenting

	Technique
	Access
	Traversing the Lesion
	Nonocclusive Obstruction
	Occlusion

	Iliocaval Balloon Venoplasty and Stent Placement
	Stenting of the Iliofemoral Vein
	Predilatation.
	Placement of the Stent.
	Adequate Inflow.
	Extension into the Inferior Vena Cava.

	Stenting of the Inferior Vena Cava
	Stenting of the Iliocaval Confluence
	Double-Barrel Technique.
	Y Fenestration Technique.
	The IVC Funnel Technique.
	Apposition of Stents.



	Perioperative Anticoagulation
	Complications and Thrombotic Events after Stenting
	Results
	Stent-Related Outcome
	Patency Rates
	In-Stent Recurrent Stenosis

	Clinical Outcome
	Hemodynamic Outcome

	Follow-up
	Selected Key References
	References


	Chapter 63
	63 Superior Vena Cava Obstruction:
	Etiology
	Clinical Findings
	Diagnostic Evaluation
	Radiography
	Ultrasonography
	Computed Tomographic Angiography
	Contrast-Enhanced Venography
	Magnetic Resonance Venography

	Conservative Therapy
	Surgical Treatment
	Indications
	Graft Materials
	Great Saphenous Vein Graft
	Femoral Vein Graft
	Spiral Saphenous Vein Graft
	Expanded Polytetrafluoroethylene Graft
	Allograft/Cryopreserved Homograft

	Surgical Technique
	Results

	Selected Key References
	References


	Chapter 64
	64 Superior Vena Cava Occlusion:
	Pathophysiology
	Collateral Venous Pathways

	Clinical Presentations and  Diagnostic Evaluation
	Treatment Considerations
	Techniques of Endovascular Intervention
	Thrombolytic Therapy
	Balloon Angioplasty and Stenting

	Clinical Results of Superior Vena  Cava Stenting
	Treatment Complications
	Selected Key References
	References


	Chapter 65
	65 Venous Tumors
	Definition and Tumor Types
	Clinical Presentation and Evaluation
	Treatment Approach and Type  of Reconstructions
	Inferior Vena Cava Resection  without Replacement
	Renal Cell Carcinoma with Inferior Vena Cava Tumor Thrombus
	Inferior Vena Cava Replacement
	Retrohepatic Inferior Vena Cava Replacement in Conjunction with Major Liver Resection
	Management of the Iliac Veins  during Tumor Resection

	Outcomes and Survival
	Venous Tumors in the Chest
	Selected Key References
	References


	Chapter 66
	66 Lymphedema:
	Pathophysiology
	Classification and Staging
	Primary Lymphedema
	Classification by Age at Onset and Inheritance
	Congenital.
	Lymphedema Praecox.
	Lymphedema Tarda.

	Classification by Morphology
	Aplasia.
	Hypoplasia.
	Numerical Hyperplasia.
	Hyperplasia.

	Classification by Anatomy
	Distal Obstruction.
	Proximal Obstruction.

	Classification by Clinical Setting
	Inheritance.
	Associated Disorders.


	Secondary Lymphedema
	Cancer
	Filariasis
	Other Causes

	Clinical Staging

	Clinical Presentation
	History
	Signs and Symptoms
	Edema
	Skin Changes
	Pain

	Complications
	Infection
	Malnutrition and Immunodeficiency
	Malignant Tumors


	Diagnosis
	Physical Examination
	Testing
	Lymphoscintigraphy
	Interpretation.
	Lymphedema.
	Lymphangiectasia.

	Computed Tomography and Magnetic  Resonance Imaging
	Direct Contrast Lymphangiography

	Differential Diagnosis
	Systemic Causes
	Venous Insufficiency
	Vascular Malformation
	Lipedema
	Other Causes


	Decision Making
	Prospects for Molecular Therapy
	Selected Key References
	References


	Chapter 67
	67 Lymphedema:
	Preventive Measures for  At-Risk Patients
	Primary Lymphedema
	Secondary Lymphedema
	Healthy Lifestyle: Activity and Diet
	Skin Hygiene
	Prophylactic Compression
	Minimize Infections


	Practical Management and Risk Reduction Strategies for  Established Lymphedema
	Elevation
	Antibiotics

	Mechanical Reduction of Limb Swelling
	Complex Decongestive Therapy
	Manual Lymph Drainage
	Exercise
	Compression Wrapping
	Compression Pumping
	Compression Garments
	Pressure
	Length
	Materials

	Nonelastic Compression

	Pharmacologic, Interventional,  and Alternative Therapies
	Diuretics
	Benzopyrones
	Interventional and Alternative Treatments

	Other Treatment Considerations
	Psychological and Functional Impairment,  and Economic Issues
	Lymphedema-Associated Malignancy

	Selected Key References
	References


	Chapter 68
	68 Lymphedema:
	Basis of Surgical Treatment
	Historical Perspective
	Excisional Operations
	Surgical Excision
	Liposuction

	Functional Procedures
	Early Techniques
	Modern Techniques


	Preoperative Planning
	Visualizing Lymphatic Vessels
	Lymphography
	Magnetic Resonance Imaging
	Lymphoscintigraphy
	Dye Injection

	Lymphatic Donor Site Assessment
	Patient Risk Assessment

	Surgery
	Autologous Lymphatic Grafting
	Indications
	Preoperative Evaluation
	Surgical Technique
	Arm and Neck.
	Leg.

	Postoperative Treatment
	Results
	Other Direct Reconstructive Methods
	Conclusions

	Lymphovenous Anastomosis
	Indications
	Preoperative Evaluation
	Surgical Technique
	Leg.
	Arm.

	Postoperative Treatment
	Results

	Resection
	Liposuction
	Surgical Technique.
	Results.

	Staged Subcutaneous Excision beneath Flaps
	Surgical Technique.
	Results.



	Primary Chylous Disorders
	Lower Extremity and Genitalia
	Surgical Treatment
	Results

	Chylous Ascites
	Surgical Treatment
	Results

	Chylothorax
	Surgical Treatment
	Thoracic Duct Reconstruction
	Other Treatment Options


	Selected Key References
	References


	Chapter 69
	69 Classification and Natural History of Vascular Anomalies
	Nosology
	Vascular Tumors
	Vascular Malformations
	Slow-Flow Malformations
	Capillary Malformation
	Sturge-Weber Syndrome.
	Cutis Marmorata Telangiectatica Congenita.
	Macrocephaly–Capillary Malformation.

	Venous Malformation
	Glomuvenous Malformation.
	Cutaneomucosal Venous Malformation.
	Blue Rubber Bleb Nevus Syndrome.

	Lymphatic Malformation
	Congenital Lymphedema.


	Fast-Flow Malformations
	Arterial Malformations
	Arteriovenous Fistula
	Arteriovenous Malformations

	Combined Malformations and  Overgrowth Syndromes
	Slow-Flow
	Klippel-Trenaunay Syndrome.
	Maffucci Syndrome.

	Fast-Flow
	Parkes Weber Syndrome.
	Capillary Malformation-Arteriovenous Malformation.
	Bannayan-Riley-Ruvalcaba Syndrome (PTEN Hamartoma Syndrome).
	CLOVE(S) (Congenital, Lipomatous, Overgrowth, Vascular Malformations, and Epidermal Nevi) Syndrome.



	Interdisciplinary Care
	Toward a Molecular Classification
	Selected Key References
	References


	Chapter 70
	70 Vascular Tumors of Childhood
	Infantile Hemangioma
	Clinical Features
	Multiple Hemangiomas
	Hepatic Hemangiomas
	Lumbosacral Location
	PHACES Association
	LUMBAR Association

	Pathogenesis
	Diagnosis
	History and Physical Examination
	Imaging
	Histopathology

	Management
	Observation
	Wound Care
	Topical Pharmacotherapy
	Intralesional Corticosteroid
	Systemic Pharmacotherapy
	Embolic Therapy
	Laser Therapy
	Operative Management


	Congenital Hemangioma
	Clinical Features
	Diagnosis
	Management

	Kaposiform Hemangioendothelioma
	Clinical Features
	Diagnosis
	Management

	Pyogenic Granuloma
	Clinical Features
	Diagnosis
	Management

	Selected Key References
	References


	Chapter 71
	71 Surgical Management of Vascular Malformations
	Low-Flow Malformations
	Capillary Malformations
	Lymphatic Malformations
	Operative Treatment
	Postoperative Management

	Venous Malformations
	Operative Treatment
	Postoperative Management


	High-Flow Malformations
	Arteriovenous Malformations
	Operative Treatment
	Postoperative Management


	Combined Vascular Malformations
	Operative Management
	Postoperative Management

	Congenital Arterial Anomalies
	Selected Key References
	References


	Chapter 72
	72 Endovascular Therapy of Vascular Malformations
	Venous Malformations
	Sclerotherapy for Venous Malformations
	Indications
	Preoperative Evaluation
	Sclerosing Agents
	Technique
	Complications
	Postoperative Care


	Lymphatic Malformations
	Sclerotherapy for Lymphatic Malformations
	Technique
	Postoperative Care


	Arteriovenous Malformations
	Embolization for Arteriovenous Malformations
	Technique
	Embolic Agents
	Clinical Follow-Up


	Selected Key References
	References


	Chapter 73
	73 Hemodialysis Access:
	End-Stage Renal Disease
	Epidemiology
	Morbidity and Mortality
	Cost

	Renal Replacement Therapy
	Guidelines and National Initiatives
	National Kidney Foundation
	Centers for Medicare and Medicaid Services
	Society for Vascular Surgery

	Choice of Arteriovenous Access Type
	General Considerations
	Patency
	Autogenous Access Maturation
	Morbidity, Mortality, and Cost
	Role of Prosthetic Arteriovenous Accesses  and Catheters

	Patient-Specific Considerations
	Predicting Autogenous Access Outcome
	Age.
	Diabetes.
	Obesity.
	Vessel Characteristics.
	Patient Preference.


	Decision Making

	Arteriovenous Access Construction
	Preoperative Evaluation
	Early Referral
	Preservation of Autogenous Options
	History and Physical Examination
	Noninvasive Imaging
	Access Configuration
	Distal Radial-Cephalic Autogenous Arteriovenous Access.
	Other Forearm Autogenous Arteriovenous Accesses.
	Upper Arm Autogenous Arteriovenous Access.
	Prosthetic Arteriovenous Access.

	Additional Imaging
	Strategies to Reduce Complications

	Operative Technique
	Autogenous Radial-Cephalic Arteriovenous Access
	Autogenous Radial-Basilic Arteriovenous Access
	Autogenous Brachial-Cephalic  Arteriovenous Access
	Autogenous Brachial-Basilic Arteriovenous Access
	Single-Stage Procedure.
	Two-Stage Procedure.

	Prosthetic Forearm Loop Arteriovenous Access
	Prosthetic Upper Arteriovenous Access

	Postoperative Care
	General
	Strategies to Facilitate Maturation
	Balloon Angioplasty Maturation.
	Access Elevation.
	Accessory Branch Ligation.
	Central Vein Stenoses.
	Medical Treatment.


	Outcomes and Complications
	Follow-up and Surveillance

	Strategies to Maintain Access
	Selected Key References
	References


	Chapter 74
	74 Hemodialysis Access:
	Indications
	Types of Catheters
	Design Characteristics
	Design Categories
	Split Tip.
	Step Tip.
	Dual Catheter.
	Symmetric Tip.

	Shape and Material

	Preoperative Evaluation
	History and Physical Examination
	Central Venous Imaging
	Color-Flow Venous Duplex Imaging
	Magnetic Resonance Venography
	Computed Tomographic Venography
	Catheter-Based Contrast Venography


	Catheter Insertion
	Site Selection
	Technique
	Antegrade Placement
	Retrograde Placement

	Unconventional Catheter Sites

	Perioperative Care and Complications
	Pneumothorax
	Hemothorax
	Subcutaneous Hematoma
	Wire Embolism
	Cardiac Arrhythmia
	Cardiac Perforation
	Thoracic Duct Laceration
	Nerve Injuries
	Catheter Misplacement
	Venous
	Arterial


	Long-Term Care and Complications
	Air Embolism
	Catheter Embolism
	Catheter Occlusion
	Prevention
	Treatment

	Central Venous Thrombosis
	Central Venous Stenosis
	Presentation
	Treatment

	Catheter-Related Infection
	Bacteriology
	Treatment


	Selected Key References
	References


	Chapter 75
	75 Hemodialysis Access:
	General Principles
	Avoiding Complex Access
	Complex Access Site Selection

	Autogenous AV Access
	Translocation Procedures
	Saphenous Vein–to–Forearm Translocation
	Femoropopliteal Vein–to–Arm Translocation
	Results.
	Technique.


	Transposition Procedures
	Brachial Vein Transposition
	Results.
	Technique.

	Saphenous Vein Transposition
	Results.
	Technique.

	Femoral Vein Transposition
	Results.
	Technique.



	Prosthetic AV Access
	Prosthetic Chest Wall and Cervical AV Access
	Results.
	Technique.

	Hemodialysis Reliable Outflow (HeRO)  Vascular Access Device
	Results.
	Technique.

	Prosthetic Lower Extremity AV Access
	Results.
	Technique.


	Unconventional Vascular  Access Procedures
	Unconventional Chest or Abdominal Wall  Access Procedures
	Arterial-Arterial Access Procedures

	Unconventional Sites for Tunneled Dialysis Catheter Placement
	Transthoracic Superior Vena Cava Catheters
	Translumbar Inferior Vena Cava Catheters
	Transhepatic Inferior Vena Cava Catheters


	Pediatric Vascular Access H1
	KDOQI Recommendations and Recent Trends
	Autogenous AV Access
	Technique

	Selected Key References
	References


	Chapter 76
	76 Hemodialysis Access:
	Measuring Access Function
	Mechanisms of Access Failure
	Flow Limitation
	Venous Outflow Stenosis.
	Arterial Inflow Stenosis.
	Cannulation Location.

	Conduit Access Limitation


	Causes of Access Failure
	Detection of Access Failure
	Clinical Evaluation
	Collateral Veins or Edema.
	Access Bleeding.

	Failure to Mature
	Assessment During Dialysis
	Venous Pressure Measurement.
	Flow Measurement.

	Duplex Ultrasound Access Surveillance
	Catheter-Based Contrast Imaging


	Interventions for Failing Access
	Open Surgical Techniques
	Revision for Stenoses
	Revision for Other Problems

	Percutaneous Techniques
	Balloon Angioplasty
	Stenting
	Hybrid Approach


	Interventions for Thrombosed Access
	Autogenous Arteriovenous Access
	Prosthetic Arteriovenous Access
	Open Surgical Techniques
	Percutaneous Techniques
	Thrombolysis
	Stenosis Treatment

	Hybrid Techniques

	Treatment Outcome
	Selected Key References
	References


	Chapter 77
	77 Hemodialysis Access:
	Bleeding
	Etiology
	Treatment
	Intraoperative Bleeding
	Chronic Treatment
	Postoperative Bleeding


	Infection
	Bacteriology
	Catheter Related
	Epidemiology
	Treatment
	Autogenous Access
	Prosthetic Access
	Midgraft Infection.
	Anastomotic Infection.
	Thrombosed Grafts.



	Pseudoaneurysm
	Treatment
	Open Surgery
	Endovascular Treatment


	Autogenous Access Aneurysms
	Treatment

	Seroma
	Etiology and Incidence
	Clinical Presentation
	Treatment

	Access-Related Hand Ischemia or  Steal Syndrome
	Prevention
	Pathophysiology
	Incidence
	Diagnosis
	Clinical Presentation
	Diagnostic Studies

	Treatment
	Proximal Arterial Stenosis
	Distal Arterial Stenoses
	Proximalization of Arterial Inflow
	Ligation
	Banding or Flow-Limiting Procedures
	Revision Using Distal Inflow
	Distal Revascularization–Interval Ligation


	Venous Hypertension
	Etiology
	Presentation
	Physical Findings

	Assessment
	Grading of Severity
	Treatment
	Endovascular Intervention
	Open Surgical Techniques


	Neuropathy
	Types of Neuropathy and Their Management
	Systemic Disease Neuropathy
	Mononeuropathy Due to Compression
	Ischemic Monomelic Neuropathy


	Cardiopulmonary Complications
	Congestive Heart Failure
	Pulmonary Hypertension

	Selected Key References
	References


	Chapter 78
	78 Vasculitis and Other Uncommon Arteriopathies
	Vasculitis
	Large-Vessel Vasculitis
	Giant Cell Arteritis
	Epidemiology.
	Pathogenesis.
	Clinical Presentation.
	Diagnostic Evaluation.
	Extracranial GCA.
	Medical Treatment.

	Idiopathic Aortitis

	Medium-Sized–Vessel Vasculitis
	Polyarteritis Nodosa
	Epidemiology.
	Pathogenesis.
	Clinical Presentation.
	Diagnostic Evaluation.
	Medical Treatment.

	Kawasaki Disease

	Small-Vessel Vasculitis
	Granulomatosis with Polyangiitis, Microscopic Polyangiitis, and Eosinophilic Granulomatosis  with Polyangiitis
	Epidemiology.
	Pathogenesis.
	Clinical Presentation.
	Diagnostic Evaluation.
	Medical Treatment.


	Vasculitis Secondary to Connective  Tissue Diseases
	Behçet’s Disease (BD)
	Epidemiology.
	Pathogenesis.
	Clinical Presentation.
	Diagnostic Evaluation.
	Medical Treatment.
	Surgical Treatment.

	Others: Systemic Lupus Erythematosus, Rheumatoid Arthritis, Relapsing Polychondritis
	Cogan’s Syndrome


	Other Uncommon Arteriopathies
	Radiation Arteritis
	Epidemiology
	Pathogenesis
	Clinical Presentation
	Diagnostic Evaluation
	Treatment

	Pseudoxanthoma Elasticum
	Epidemiology
	Pathogenesis
	Clinical Presentation
	Treatment

	Drug-Induced Arteriopathies
	Prevalence
	Pathogenesis
	Clinical Presentation and Treatment

	Neurofibromatosis
	Prevalence
	Pathogenesis
	Clinical Presentation
	Treatment

	Exercise-Related External Iliac Arteriopathy
	Prevalence
	Pathogenesis
	Clinical Presentation and Diagnosis
	Treatment


	Selected Key References
	References


	Chapter 79
	79 Thromboangiitis Obliterans (Buerger’s Disease)
	Brief Historical Review
	Epidemiology
	Population Affected
	Prevalence
	Natural History
	Buerger’s Disease in Women

	Pathogenesis
	Etiology
	Smoking and Immunologically Mediated Injury
	Genetic Predisposition
	Hypercoagulability
	Oral Infection–Inflammatory Pathway

	Pathology

	Clinical Presentation
	Diagnostic Evaluation
	Noninvasive Testing
	Angiography
	Laboratory Testing
	Biopsy
	Differential Diagnosis

	Treatment
	Smoking Cessation
	Medications
	Prostaglandin Analogues
	Guanethidine
	Growth Factors
	Other Agents

	Local Wound Care
	Endovascular Treatment
	Surgical Treatment
	Lumbar or Thoracic Sympathectomy
	Arterial Revascularization
	Microvascular Flap or Omental Transfer
	Distal Venous Arterialization

	Spinal Cord Stimulation
	Therapeutic Angiogenesis
	Immunoadsorption
	Amputation

	Acknowledgments
	Selected Key References
	References


	Chapter 80
	80 Takayasu’s Disease
	Epidemiology
	Pathogenesis
	Etiology
	Pathology

	Clinical Presentation
	Upper Extremity Involvement
	Cardiac Involvement
	Hypertension
	Visceral Artery Involvement
	Lower Extremity Arterial Involvement
	Aneurysms

	Diagnostic Evaluation
	Diagnostic Criteria
	Laboratory Markers
	Radiologic Evaluation
	Computed Tomography Angiography
	Magnetic Resonance Angiography
	Positron Emission Tomography
	Digital Subtraction Angiography


	Classification
	Medical Treatment
	Indications for and Results of Revascularization Procedures
	Endovascular Treatment
	Open Surgical Treatment
	Direct Comparison of Endovascular and  Open Surgical Treatment

	Special Considerations
	Familial Takayasu’s Arteritis
	Pregnant Patients
	Pediatric Patients
	Quality of Life

	Prognosis
	Selected Key References
	References


	Chapter 81
	81 Arterial Tumors
	Classification of Primary  Arterial Tumors
	Morphologic Types
	Histopathologic Types

	Diagnosis
	Treatment
	Selected Key References
	References


	Chapter 82
	82 Erectile Dysfunction
	Epidemiology
	Physiology of Penile Erection
	Pathophysiology of Erectile Dysfunction
	Psychogenic Erectile Dysfunction
	Neurogenic Erectile Dysfunction
	Endocrinologic Erectile Dysfunction
	Vasculogenic Erectile Dysfunction
	Drug-Induced Erectile Dysfunction

	Assessment of Erectile Dysfunction
	History and Physical Examination
	Laboratory Evaluation and Adjunctive Testing
	Vascular Evaluation
	Penile-Brachial Pressure Index
	Office Injection Testing
	Duplex Ultrasonography of the Penis
	Dynamic Infusion Cavernosometry  and Cavernosography
	Selective Internal Pudendal Angiography and Penile Angiography


	Treatment of Erectile Dysfunction
	Phosphodiesterase Type 5 Inhibitors
	Mechanism of Action and Means of Use
	Outcomes
	Adverse Events and Contraindications

	Intracavernosal Injection Therapy
	Mechanism of Action and Means of Use
	Outcomes
	Adverse Events and Contraindications

	Intraurethral PGE1 Suppository
	Vacuum Constriction Devices
	Penile Implant Surgery
	Technical Considerations
	Outcomes and Adverse Events

	Penile Revascularization Surgery
	Technical Considerations
	Outcomes and Complications

	Surgery for Veno-Occlusive Dysfunction

	Future Therapeutic Strategies
	Endovascular Stenting: ZEN Trial
	Stem Cell Therapy

	Erectile Dysfunction in Men Undergoing Vascular Surgery
	Prevalence of Erectile Dysfunction in the Vascular Surgery Population
	Erectile Function Outcomes after  Definitive Therapy

	Conclusions
	Acknowledgments
	Selected Key References
	References


	Chapter 83
	83 Wound Care
	Normal Wound Healing
	Inflammatory Phase
	Proliferative Phase
	Epithelialization and Remodeling

	Mechanisms of Abnormal Wound Healing in Chronic Wounds
	Inflammation
	Cytokines
	Cell Senescence

	Therapeutic Targets

	Etiology of Ulceration
	Venous Leg Ulcers
	Diabetic Foot Ulcers
	Limb Ulcers Associated with Arterial Insufficiency
	Other Causes of Limb Ulceration

	Clinical Presentation  and Initial Evaluation
	Wound Classification Systems
	Wound Size Measurement
	Wound Bed Assessment and Preparation
	Débridement
	Chemical.
	Larval.
	Ultrasound.

	Bacterial Colonization


	Properties and Categories  of Wound Dressings
	Venous Leg Ulcers
	Compression
	Pharmacologic Treatment
	Pentoxifylline
	Flavonoids

	Indications for Intervention
	Adjunctive Therapies to Accelerate Healing
	Skin Grafting
	Living Human Skin Equivalents
	Energy Modalities


	Diabetic Foot Ulcers
	Adjunctive Therapies to Accelerate Healing
	Growth Factors
	Living Tissue Substitutes
	Apligraf.
	Dermagraft.



	Ulcers Associated With  Arterial Insufficiency
	Local Wound Management
	Pharmacologic Treatment
	Pentoxifylline and Cilostazol
	Prostaglandins

	Angiogenesis for Critical Limb Ischemia  and Ischemic Wounds
	Intermittent Pneumatic Compression
	Wound Management after Intervention

	Specialized Techniques
	Negative-Pressure Wound Therapy
	Hyperbaric Oxygen
	Specialized Wound Care Centers

	Selected Key References
	References


	Chapter 84
	84 Operative Exposure for Spinal Reconstructive Surgery
	Clinical Presentation, Diagnostic Evaluation, and Risk Assessment
	Surgical Treatment
	Operative Planning and Surgical  Exposure Options
	Thoracic Spine Exposure
	Lumbosacral Spine Exposure
	Transperitoneal Exposure.
	Transperitoneal Laparoscopic Exposure.
	Anterior Retroperitoneal Exposure.


	Relevant Surgical Anatomy
	Thoracic Spine Exposure
	T12 to L2 Exposure
	L2 to S1 Exposure
	L4 to L5 and L5 to S1 Exposures.
	Exposure of More than One Disk Space.

	Right-Sided Exposure
	Self-Retaining Retractors

	Special Considerations
	Repeat Procedures
	Calcified Arteries


	Surgical Results and Complications
	Postoperative Management  and Follow-up
	Selected Key References
	References


	Chapter 85
	85 Complex Regional  Pain Syndrome
	Etiology and Incidence
	Traumatic
	Nontraumatic
	Idiopathic

	Classification and Terminology
	Summary of the Key Features of CRPS
	Syndrome Types

	Pathogenesis
	Current Theories
	Exaggerated Local Inflammatory Response Theory and Neurogenic Inflammation
	CRPS as a Sympathetically Mediated Syndrome
	CRPS as the Result of Limb  Ischemia-Reperfusion Injury
	Central Sensitization Theory
	CRPS Secondary to Nerve Damage
	CRPS as an Autoimmune Disorder
	Cortical Reorganization Theory
	Genetic and Other Theories

	Sympathetically Maintained Pain and Sympathetically Independent Pain

	Clinical Presentation
	Clinical Stages
	Symptoms and Signs
	Pain
	Sensory Changes
	Sympathetic Dysfunction
	Trophic and Motor Changes
	Budapest Diagnostic Criteria


	Diagnostic Evaluation
	Comprehensive Clinical Tests
	Sensory Examination
	Sudomotor Sympathetic Examination
	Vasomotor Examination
	Edema
	Trophic Changes
	Motor Dysfunction
	Psychological Testing
	Neurophysiologic Testing
	Inflammatory Parameter Assessment

	Radiologic Findings
	Three-Phase Bone Scans
	Magnetic Resonance Imaging

	Diagnostic Sympathetic Block
	Differential Diagnosis

	Treatment
	Physiotherapy
	Mirror Feedback
	Transcutaneous Electrical Nerve Stimulation
	Acupuncture and Electroacupuncture

	Pharmacologic Therapy
	Analgesic Therapy
	Tricyclic Antidepressants
	GABA Agonists and Anticonvulsants
	Vasodilatory Therapy
	α-Adrenergic Blocking Agents.
	Oral Calcium Channel Blocking Agents.
	Oral β-Blocking Agents.

	Anti-inflammatory Treatment
	Bisphosphonate Therapy.
	Steroid Therapy.
	Calcitonin Therapy.
	Free Radical Scavengers.

	Other Therapy
	Oral Muscle Relaxants.
	Antiarrhythmic Agents.


	Neuromodulation
	Psychotherapy
	Epidural and Intrathecal Drug Therapy
	Continuous Infusions

	Sympathetic Blockade
	Intravenous Sympathetic Blockade
	Intravenous Ketamine Therapy.

	Technique of Lumbar Sympathetic Blockade
	Technique of Upper Extremity  Sympathetic Blockade
	Permanent Percutaneous  Chemical Sympathectomy

	Summary of Nonsurgical Treatment

	Sympathectomy
	Indications
	Upper Extremity Sympathectomy
	Lumbar Sympathectomy
	Anatomic Considerations of Lumbar Sympathectomy
	Open Techniques of Lumbar Sympathectomy
	Laparoscopic Lumbar Sympathectomy
	Results of Surgical Lumbar Sympathectomy
	Complications of Lumbar Sympathectomy


	Overall Results of Treating CRPS
	Selected Key References
	References


	Chapter 86
	86 Acquired Arteriovenous Fistulae
	Etiology and Incidence
	Traumatic Injuries
	Iatrogenic Injuries
	Spontaneously Acquired AVF
	Incidence of AVFs
	Carotid Artery
	Subclavian and Axillary Arteries
	Vertebral Artery
	Brachial and Forearm Arteries
	Femoral Artery
	Popliteal Artery
	Tibial and Peroneal Arteries
	Aortoiliac
	Renal


	Pathophysiology
	Fistula Size and Flow
	Chronic Changes
	Cardiac Effects

	Clinical Presentation
	History
	Physical Examination
	Specific Locations
	Neck and Upper Extremity
	Aortoiliac
	Renal and Splanchnic
	Lower Extremity


	Diagnostic Imaging
	Color-Flow Duplex Imaging
	Computed Tomography
	Magnetic Resonance Imaging
	Conventional Angiography

	Principles of Management
	Conservative Treatment
	Duplex Ultrasound-Guided Compression Therapy
	Endovascular Treatment
	Endovascular Techniques
	Embolization
	Covered Stent-Grafting
	Aortic Endografts
	Other Endovascular Techniques

	Surgical Treatment
	Aortocaval Fistulae
	Iliac AVFs
	Aortorenal Fistulae
	Visceral AVFs
	Carotid and Vertebral AVFs
	Axillary-Subclavian AVFs
	Lower Extremity AVFs
	Treatment of the Vein in AVFs


	Treatment Outcomes
	Surgical Treatment
	Endovascular Intervention

	Selected Key References
	References


	Chapter 87
	87 Technique:
	Basic Principles
	Vascular Instruments and Retractors
	Clamps
	Needle Holders, Forceps, and Scissors
	Retractor Systems

	Vascular Sutures and Grafts
	Sutures
	Grafts


	Basic Vascular Techniques
	Vascular Exposure and Dissection
	Initial Vessel Exposure
	“Redo” Vessel Exposure

	Anticoagulation
	Blood Vessel Control
	Vascular Clamping
	Balloon Occlusion
	Vessel Loops
	Pneumatic Tourniquet
	Other Techniques


	Thrombectomy and Thromboembolectomy
	Basic Considerations
	Thromboembolectomy Catheters
	Technique
	Arteriotomy Location and Shape
	Minimizing Blood Loss
	Minimizing Vascular Injury
	Fluoroscopy-Guided Thromboembolectomy
	Thromboembolectomy in Specific Conditions


	Endarterectomy
	Basic Considerations
	Open Endarterectomy
	Semiclosed Endarterectomy
	Eversion Endarterectomy
	Orificial and Extraction Endarterectomy
	Endarterectomy in Specific Conditions

	Arteriotomy Closure
	Primary Closure
	Patch Closure
	Closure of a Transected Vessel

	Replacement and Bypass Procedures
	Basic Considerations
	End-to-Side Anastomosis
	Anchor Technique
	Parachute Technique

	End-to-End Anastomosis
	Side-to-Side Anastomosis
	Adjunctive Techniques for Infrainguinal  Bypass Anastomosis
	T-Junction
	Saphenofemoral Junction Vein Cuff
	Venous Cuffs and Patches for Prosthetic Grafts.
	Distal Anastomotic Arteriovenous Fistula.



	Selected Key References
	References
	Appendix e87-1
	Technical Considerations for Thromboembolectomy in Specific Conditions
	Infrainguinal Thromboembolectomy
	Aortic Saddle Embolus
	Occluded Bypass
	Iliofemoral Venous Thromboembolectomy


	Appendix e87-2
	Technical Considerations for Endarterectomy  at Specific Anatomic Locations
	Carotid Bifurcation Disease
	Aortic Arch Vessels
	Abdominal Aorta and Its Branches
	Visceral Endarterectomy.
	Renal Endarterectomy.
	Aortoiliac Endarterectomy.

	Infrainguinal Vessels




	Chapter 88
	88 Technique: Endovascular Diagnostic
	Access
	Choice of Site
	Ultrasound Guidance
	Access Options
	Common Femoral Artery
	Localization
	Fluoroscopy.
	Ultrasound Guidance.

	Antegrade Access
	Complications

	Popliteal Artery
	Tibial Artery
	Axillary Artery
	Brachial Artery
	Radial Artery
	Venous

	Equipment
	Access Needles
	Guide Wires
	Insertion
	Construction
	Diameter
	Tip Shape
	Coating
	Length
	Selection

	Sheaths
	Guide Catheters
	Clinical Applications

	Diagnostic Catheters
	Nonselective Catheters
	Selective Catheters
	Single-Curve Catheters.
	Double-Curve Catheters.
	Reverse-Curve Catheters.

	Crossing Catheters


	Techniques for Catheterization  of Specific Vessels
	Contralateral Iliac
	Renal and Mesenteric
	Cerebral

	Closure Techniques
	Manual Compression
	Closure Devices
	Extravascular Plugs
	Angio-Seal.
	Exoseal.
	MynxGrip and Mynx Cadence.
	FISH.

	Suture Mediated
	ProGlide.
	Prostar.

	Mechanical Closure
	StarClose SE.

	Compressive Assistance
	Catalyst III.
	FemoStop.

	Other Mechanisms
	Axera.

	Topical Hemostatic Aids

	Complications

	Complications
	Systemic
	Access Site
	Catheter Related

	Selected Key References
	References


	Chapter 89
	89 Technique:
	Balloon Angioplasty
	Balloon Catheter Types
	Balloon Characteristics
	Compliance
	Profile and Trackability

	Specialty Balloons
	Cutting Balloon Angioplasty
	Cryoplasty
	Drug-Coated Balloons

	Technique
	Approach to the Lesion
	Lesion Crossing Techniques.

	Balloon Catheter Selection, Placement,  and Inflation
	Balloon Selection.
	Balloon Placement.
	Balloon Inflation.



	Treating Chronic Total Occlusions
	Subintimal Angioplasty
	Reentry Devices
	Outback LTD
	Pioneer
	Enteer
	Device Selection

	Intraluminal Devices
	Crosser
	TruePath
	Frontrunner XP
	Device Selection


	Stenting
	Stent Types
	Balloon-Expandable Stents
	Covered Balloon Expandable Stents.

	Self-Expanding Stents
	Self-Expanding Covered Stents.

	Drug-Eluting Stents

	Technique
	Indications for Secondary Stenting
	Dissection.
	Residual Stenosis.
	Pressure Gradient.
	Occlusion.
	Recurrence.

	Indications for Primary Stenting
	Technique for Balloon-Expandable Stents
	Technique for Self-Expanding Stents


	Atherectomy
	Devices
	Directional
	Rotational
	Laser

	Technique
	Directional Atherectomy
	Rotational Atherectomy
	Laser Atherectomy

	Distal Embolization

	Thrombectoembolectomy
	Device Types
	Aspiration
	Rheolytic
	Rotational

	Technique

	Embolization
	Coils
	Vascular Plugs
	Liquid Embolic Agents
	Cyanoacrylate
	Fibrin Glue
	Ethylene Vinyl Alcohol

	Technique

	Complications
	Dissection
	Distal Embolization
	Stent Thrombosis
	Access Site Complications
	Hemorrhage
	Thrombosis


	Select Key References
	References


	Chapter 90
	90 Technique:
	Endograft Configurations
	Preoperative Sizing and Planning
	Preoperative Imaging
	Computed Tomography Arteriography
	Alternative Imaging

	Endograft Sizing
	Aortic Neck Diameter
	Sizing the Conical Aortic Neck
	Length Measurements
	Iliac Diameters

	Patient Selection

	Anesthesia, Access, and Imaging
	Anesthesia
	Vascular Access
	Open
	Percutaneous
	Iliac Occlusive Disease
	Iliac Conduit Placement

	Imaging
	Equipment
	Gantry Positioning


	Endovascular Aortic Repair Deployment
	Wire Placement
	Delivery of the Main Device
	Proximal Endograft Deployment
	Acccessory Renal Artery Management
	Contralateral Gate Cannulation
	Limb Deployment
	Completion Arteriography

	Endovascular Aortic Repair Troubleshooting
	Type I and Type III Endoleaks
	Aortic Cuffs
	Giant Palmaz Stent Placement

	Renal Artery
	Common Iliac Aneurysms
	External Iliac Extensions
	Hypogastric Artery
	Embolization.
	Preservation.


	Management of Late Type II Endoleaks
	Indication
	Diagnosis
	Treatment


	Endovascular Aortic Repair for Ruptured Abdominal Aortic Aneurysm
	Preoperative Assessment
	Device Placement
	Device Selection
	Technique
	Use of Aortic Balloon Occlusion

	Postoperative Issues

	Endovascular Repair of Thoracic  Aortic Aneurysms
	General Considerations
	Device Selection
	Aortic Arch Landing Zones
	Spinal Cord Drainage
	Left Subclavian Artery Coverage
	Technique
	Vascular Access
	Device Positioning and Deployment

	Endovascular Repair of Thoracic Aortic Aneurysms Troubleshooting
	Arch Vessel Coverage
	Endoleaks


	Selected Key References
	References


	Chapter 91
	91 Technique:
	Advanced Techniques for  Managing Branches
	Debranching Procedures
	Parallel Stent-Grafts
	Branched-Fenestrated Repairs

	Device Selection
	Procedure Planning
	Imaging
	Commercial Device Planning
	Noncommercial Device Planning
	Debranching Procedures
	Parallel Grafts
	Physician-Modified Grafts
	Side-Arm Branches
	Fenestrations

	Measurement Details

	Anatomic Contraindications
	Commercial Devices
	Noncommercial Devices

	Technique
	Branched-Fenestrated Techniques
	Commercially Available Devices
	Physician-Modified Devices

	Parallel Grafts
	Stent or Stent-Graft Type.
	Anatomic Considerations.

	Hybrid Debranching Procedures

	Limitations of Advanced Techniques  for Aortic Branches
	Complications
	Current Status
	Selected Key References
	References


	Chapter 92
	92 Autogenous Grafts
	Histology
	Anatomy
	Lower Extremity Veins
	Upper Extremity Veins

	Vein Graft Preparation
	Preoperative Vein Mapping
	Vein Handling Considerations
	Dissection
	Distention Pressure
	Irrigating Solution
	Temperature
	Pharmacologic Adjuncts
	Minimally Invasive Vein Harvest


	Autogenous Vein Graft Configurations
	Reversed Vein Grafts
	Nonreversed Vein Grafts
	In Situ Vein Grafts
	Proximal and Distal Anastomoses
	Valve Lysis
	Side Branch Ligation

	Arm Vein and Composite Grafts
	Small Saphenous Vein Grafts
	Femoral-Popliteal Vein Grafts
	Superficial Femoral Artery Grafts
	Hypogastric Artery Grafts

	Etiology of Vein Graft Failure
	Technical Factors
	Intimal Hyperplasia and Pathologic Remodeling
	Graft Atherosclerosis
	Autogenous Graft Modifications  to Improve Durability

	Prevention of Vein Graft Failure
	Intraoperative Evaluation
	Angiography
	Flow Rate Measurements
	Duplex Scanning
	Angioscopy

	Postoperative Surveillance
	Physical Examination and Physiologic Assessment
	Duplex Scanning


	Selected Key References
	References


	Chapter 93
	93 Prosthetic Grafts
	Materials
	Dacron Prosthesis
	ePTFE Prosthesis
	Hybrid Stent-Grafts
	Polyurethane Prosthesis
	Choice of Prosthetic Graft Based on Indications and Anatomic Location
	Aortic Reconstruction
	Infrainguinal Reconstruction
	Extra-Anatomic Reconstruction
	Other Locations
	Hemodialysis Access


	Failure Modes for Prosthetic  Vascular Grafts
	The Blood-Material Interface
	Protein Interactions
	Protein Adsorption.
	Complement Cascade.
	Coagulation Cascade.

	Cellular Interactions
	Platelets.
	Neutrophils and Macrophages.
	Endothelial and Smooth Muscle Cells.

	Infection

	The Tissue-Material Interface
	Porosity
	Compliance
	Hemodynamics


	Biofunctional Vascular Prostheses
	Thromboresistant Surface Engineering
	Inhibition of Protein and Cell Adsorption
	Polyethylene Oxide.
	Albumin Coating.
	Carbon Coating.
	Phosphorylcholine Coating.
	Elastin-Inspired Surfaces.

	Inhibition of Thrombin and Fibrin Formation
	Heparin.
	Thrombomodulin.
	Direct Thrombin Inhibitors and Fibrinolytic Agents.

	Inhibition of Platelet Adsorption
	Antiplatelet Drugs.
	Nitric Oxide.

	Outlook

	Biohybrid Vascular Grafts
	Endothelial Cell Seeding
	Promoting Endothelialization  of Synthetic Grafts In Vivo
	Outlook

	Tissue-Engineered Constructs
	Protein-Based Scaffolds
	Extracellular Matrix Gel Constructs
	Resorbable Scaffolds
	Cell-Directed Self-Assembly
	Outlook


	Pharmacologic Adjuncts to Improve Long-Term Graft Function
	Selected Key References
	References


	Chapter 94
	94 Biologic Grafts
	Graft Properties
	Fresh Vascular Allografts
	Cryopreserved Allografts
	Methods of Preparation
	Histology and Physiology
	Immunology

	Structurally Modified Biologic Grafts
	Other Grafts

	Clinical Use in Peripheral  Vascular Surgery
	Indication
	Extremity Bypass
	Arteriovenous Access
	Replacement of Infected Prosthetic Grafts
	Biologic Graft Preparation
	Cryopreserved Allografts
	Structurally Modified Allografts


	Clinical Outcomes
	Cryopreserved Saphenous Vein Allografts
	Graft Patency
	Role of Anticoagulation and Immunosuppression
	Limb Salvage
	Aneurysmal Degeneration
	Summary and Indications for Use

	Cryopreserved Femoral Vein Allografts
	Cryopreserved Arterial Allografts
	Human Umbilical Vein Grafts
	Patency and Limb Salvage
	Comparison of Human Umbilical Vein  With Other Grafts

	Bovine Carotid Artery Xenografts
	Bovine Mesenteric Vein Xenografts
	Tissue-Engineered Vascular Grafts
	Future Directions

	Selected Key References
	References


	Chapter 95
	95 Aortic Stents and Stent-Grafts
	Aortic Stents
	General Categories of Stents
	Balloon-Expandable Stents
	Self-Expanding Stents


	Characteristics of Stent-Grafts for Endovascular Repair of Abdominal Aortic Aneurysms and Thoracic  Aortic Pathology
	Fixation
	Positive Fixation, Column Support, and Friction
	Infrarenal versus Suprarenal Fixation

	Sealing
	Limb Patency
	Sizing
	Graft Material
	Radiopacity
	Deployment Precision and Ease of Use

	Mechanisms of Failure
	Migration
	Neck Dilatation
	Fracture
	Limb Occlusion
	Sac Expansion and Graft Material Failure
	Complications Specific to Thoracic Aortic Endovascular Stent-Grafts
	Proximal Aortic Injury
	Compression/Collapse


	Clinical Application: Endovascular Aortic Aneurysm Repair
	FDA-Approved Devices
	Ancure
	AneuRx
	EXCLUDER
	Zenith
	PowerLink
	Talent
	Endurant
	OVATION
	Aorfix

	Fenestrated and Branch Endografts
	Emerging Technology
	Graft Selection (Anatomic) and Primary  Device Characteristics

	Clinical Application: Thoracic Endovascular Aortic Aneurysm Repair
	FDA-Approved Devices
	Conformable TAG CTAG
	Valiant
	Talent
	Zenith TX2

	Investigational Devices
	Graft Selection (Anatomic) and Primary  Device Characteristics

	Selected Key References
	References


	Chapter 96
	96 Nonaortic Stents  and Stent-Grafts
	Historical Background
	Stent-Vessel Interaction
	Vessel Injury
	Fluid Dynamics
	Strut Characteristics
	Stent Composition


	Stent Types and Characteristics
	Important Characteristics
	Balloon-Expandable Stents
	Self-Expanding Stents
	Cell Size: Open and Closed Cells
	Stent-Grafts (Covered Stents)

	Selection of Stent
	Plaque Morphology
	External Forces
	Anatomic Location
	Branch Location

	Failure Modes
	New Developments
	Drug-Eluting Technology
	Absorbable Stents

	Future Developments
	Selected Key References
	References


	Chapter 97
	97 Cerebrovascular Disease:
	Epidemiology
	Prevalence of Stroke
	Incidence of Stroke
	Possible Decreases in Prevalence and  Incidence of Stroke
	Effect of Improved Medical Therapy on  the Reduced Incidence of Stroke
	Types of Strokes and Relationship of Stroke to Carotid Artery Atherosclerosis
	Risk Factors for Stroke
	Incidence of Transient Ischemic Attack
	Prevalence of Carotid Artery Disease
	Outcome of Stroke and Stroke Mortality
	Cost of Caring for Patients with Stroke
	Treatment of Acute Stroke
	Thrombolysis for Acute Ischemic Stroke


	Pathology, Pathogenesis, and Pathophysiology of Stroke Related to Extracranial Cerebrovascular Disease
	Atherosclerotic Carotid Plaque
	Development of Atherosclerosis
	Relationship Between Carotid Artery Atherosclerosis and Ischemic Stroke
	Plaque Histology and Morphology
	Identification of the “Vulnerable” Plaque and Patient at Increased Risk for Ischemic Stroke
	Duplex Ultrasound Features.
	Patient Risk Stratification Based on Clinical Characteristics and Plaque Features.
	Plaque Analysis Using Other Imaging Modalities.
	Transcranial Doppler Echocardiography Detection of Microembolization.


	Vertebrobasilar Insufficiency
	Nonatherosclerotic Cerebrovascular Disease

	Clinical Findings in Patients with Cerebrovascular Disease
	Focal Ischemia
	Transient Ischemic Attack
	Stroke

	Global Ischemia
	Lacunar Infarcts

	Cognitive Decline
	Impact of Carotid Intervention

	Vertebrobasilar Insufficiency

	Basic Clinical Assessment
	Selected Key References
	References


	Chapter 98
	98 Cerebrovascular Disease:
	Duplex Ultrasonography
	Indications
	Carotid Artery Disease
	Vertebrobasilar Disease
	Role in Screening
	Role in Trauma
	Evaluation of Carotid Body or Glomus  Vagale Tumors
	Role in the Planning of Carotid Endarterectomy and Carotid Artery Stenting
	Role in Evaluating Plaque Morphology
	Perioperative Roles
	Postoperative Roles

	Contraindications
	Accuracy and Limitations in Clinical Practice

	The Need for Corroborative Imaging

	Magnetic Resonance  Imaging/Angiography
	Indications
	Carotid Disease
	Role in Vertebrobasilar Disease
	Role in Screening
	Role in the Evaluation of Trauma
	Role in the Evaluation of Carotid Body or Glomus Vagale Tumors
	Role in the Planning of Carotid Endarterectomy and Carotid Artery Stenting
	Role in Evaluating Plaque Morphology
	Perioperative Roles
	Postoperative Roles

	Contraindications
	Accuracy and Limitations in Clinical Practice

	Positron Emission Tomography–Computed Tomography
	Indications
	Carotid Artery Disease
	Role in Evaluating Plaque Morphology
	Other Roles

	Accuracy and Limitations in Clinical Practice

	Computed Tomographic Angiography
	Carotid Artery Disease
	Vertebrobasilar Disease
	Role in Screening
	Role in the Evaluation of Trauma
	Role in the Evaluation of Carotid Body or Glomus Vagale Tumors
	Role in the Planning of Carotid Endarterectomy and Carotid Artery Stenting
	Role in Evaluating Plaque Morphology
	Perioperative Roles
	Postoperative Roles
	Contraindications
	Limitations in Practice

	Digital Subtraction Angiography
	Indications
	Carotid Artery Disease
	Vertebrobasilar Disease
	Role in Screening
	Role in Trauma
	Role in the Evaluation of Carotid Body or Glomus Vagale Tumors
	Role in the Planning of CEA/CAS
	Role in Evaluating Plaque Morphology
	Perioperative Roles
	Postoperative Roles

	Contraindications
	Accuracy and Limitations in Clinical Practice
	The Need for Corroborative Imaging

	Transcranial Doppler Ultrasound
	Indications
	Carotid Artery Disease
	Vertebrobasilar Disease
	Role in the Evaluation of Trauma
	Intraoperative Monitoring
	Role in Evaluating Postoperative Strokes

	Accuracy and Limitations in Clinical Practice

	Laboratory Investigations
	Baseline Evaluations
	Secondary Evaluations
	Antiplatelet Resistance
	Role of Carotid Biomarkers

	Selected Key References
	References


	Chapter 99
	99 Carotid Artery Disease:
	Determining Stroke Risk  of a Carotid Lesion
	Symptom Status
	Degree of Stenosis
	Plaque Progression
	Presence of Contralateral Disease
	Plaque Character
	Evidence of Clinically Silent Emboli

	Impact of Patient Specific Features  on Clinical Decision Making
	Factors Influencing the Decision to  Recommend Intervention
	Life Expectancy
	Age
	Gender
	Functional Status
	Cardiac Status
	Pulmonary Disease
	Renal Insufficiency
	Contralateral Carotid Occlusion


	Factors that Influence the Choice  of Specific Intervention
	Presence of Neurologic Symptoms
	Hostile Neck
	Lesions Outside the Area of the Cervical  Carotid Artery
	Vessel Tortuosity
	Lesion Character


	Treatment Options in Patients with Carotid Bifurcation Stenosis
	Risk Factor Reduction and Medical Management
	Blood Pressure Control
	Diabetes Mellitus
	Lipid Management
	Behavioral Issues
	Metabolic Syndrome
	Antiplatelet Therapy


	Evidence-Based Selection of Therapy
	Best Medical Therapy as Stand Alone Treatment
	Reduced Stroke Risk in Patients with Severe Carotid Stenosis
	Data on Best Medical Therapy in Asymptomatic Patients with Carotid Stenosis  Are Heterogeneous
	Best Medical Therapy and Disease Progression
	Carotid Endarterectomy Plus Best Medical Therapy for Patients with Severe  Bifurcation Stenosis
	Comparisons of Carotid Artery Stenting  and Carotid Endarterectomy

	Societal Guidelines Regarding  Carotid Revascularization and  Stroke Prevention
	Considerations in Selecting  the Appropriate Therapy for  the Appropriate Patient
	Best Medical Therapy as Stand Alone Treatment
	Stable Symptomatic Patients with 70%  to 99% Stenosis
	Symptomatic Patients with 50% to 69% Stenosis
	Patients with “Nonhemispheric” Symptoms
	Asymptomatic Patients
	Contralateral Carotid Occlusion
	Timing of Intervention After Acute Stroke
	Crescendo Transient Ischemic Attack and  Stroke in Evolution
	Recurrent Carotid Stenosis
	Radiation-Induced Stenosis

	Select Key References
	References


	Chapter 100
	100 Carotid Artery:
	Epidemiology
	Incidence
	Etiology

	Indications for Carotid Endarterectomy
	Preoperative Imaging
	Perioperative Medical Management
	Beta Blockers
	Antiplatelet Therapy
	Heparin
	Protamine Administration
	Dextran
	Statins

	Operative Technique
	Anesthesia
	Patient Positioning
	Skin Incision
	Carotid Exposure
	Conventional Endarterectomy
	Eversion Endarterectomy
	Comparison of Conventional Carotid Endarterectomy and Eversion  Carotid Endarterectomy

	Exposure for High Lesions
	Nasotracheal Intubation
	Division of the Digastric Muscle
	Resection of the Styloid Process
	Anterior Subluxation of the Mandible

	Cerebral Protection and Monitoring
	Shunting
	Cerebral Monitoring
	Stump Pressure
	Electroencephalographic and Somatosensory Evoked Potential Monitoring
	Transcranial Doppler Ultrasonography

	Awake Carotid Endarterectomy with Regional  or Local Anesthesia
	Routine Shunting

	Arteriotomy Closure
	Patch Closure
	Saphenous Vein Patches
	Synthetic Patches
	Comparative Analyses
	Optimal Patch Material
	Selective Patching


	Completion Studies
	Continuous Wave Doppler Ultrasonography
	Duplex Ultrasound
	Intraoperative Angiography
	Results of Completion Studies

	Perioperative Stroke Management
	Intraoperative Stroke Management
	Postoperative Stroke Management

	Surgical Results
	Randomized Trials
	Symptomatic Disease
	Asymptomatic Disease

	Institutional Experience
	Population-Based Experience
	Statewide/Regional Experience
	Medicare Experience
	National Registries

	Long-Term Results of Carotid Endarterectomy

	COMPLICATIONS
	Cardiac Complications
	Cranial Nerve Injury
	Incidence
	Anatomic and Clinical Considerations
	Hypoglossal Nerve.
	Vagus Nerve.
	Superior Laryngeal Nerve.
	Facial Nerve: Marginal Mandibular Branch.
	Glossopharyngeal and Spinal Accessory Nerves.
	Cutaneous Sensory Nerves.


	Hemodynamic Instability
	Incidence and Etiology
	Treatment

	Cerebral Hyperperfusion Syndrome
	Other Complications
	Infections
	Bleeding

	Recurrent Carotid Stenosis
	Repeat Carotid Endarterectomy
	Carotid Artery Stenting Versus Repeat  Carotid Endarterectomy

	Special Considerations
	Combined Carotid Artery and Cardiac Disease
	Simultaneous Carotid Endarterectomy and Coronary Artery Bypass Grafting
	Carotid Artery Stenting before Coronary Artery Bypass Grafting

	Advanced Age
	Gender
	Race
	External Carotid Endarterectomy
	Impact of Radiation Therapy
	Hospital/Surgeon Volume

	Selected Key References
	References


	Chapter 101
	101 Carotid Artery:
	Patient Selection
	Clinical Considerations
	Age
	Sex
	Timing in Symptomatic Patients
	Asymptomatic Carotid Stenosis
	Combined Carotid and Coronary Artery Disease

	Anatomic Features
	Aortic Arch
	Carotid Tortuosity and Calcification
	Plaque Morphology
	Contralateral Carotid Occlusion
	Adverse Neck Conditions


	Periprocedural Medical Management
	Intraprocedural Therapy
	Adequate Fluid Administration
	Anticoagulation
	Atropine
	Vasodilators and Hypotensive Drugs

	Periprocedural Therapy
	Antiplatelet Drugs
	Antithrombotic Drugs
	Statins


	Procedure Technique
	Technologic Requirements
	Periprocedural Monitoring
	Procedure
	Access
	Transfemoral.
	Transcervical.
	Transbrachial and Transradial.

	Remote Access to the Target Lesion
	Sheath Based.
	Guiding Catheter Based.

	Arteriography
	Stent System Delivery
	Embolic Protection Device Deployment.
	Predilatation.
	Stent Delivery.
	Postdilatation.
	Retrieval of the Embolic Protection Device and Completion Angiography.
	Access Hemostasis.


	Embolic Protection Devices
	Categories of Embolic Protection Devices
	Distal Filter.
	Distal Occlusion Balloon.
	Proximal Protection Devices with Flow Stasis or Reversal.

	Selection of Embolic Protection Device Type

	Stent Selection
	Closed Cell versus Open Cell Stents


	Complications
	Neurologic Complications
	Spasm and Thrombosis
	Embolization
	Neurocognitive Complications
	Intracranial Hemorrhage

	Cardiovascular Complications
	Hypotension

	Local and Other Complications

	Results of Carotid Artery Stenting
	Randomized Clinical Trials
	SAPPHIRE
	Critique.

	EVA-3S
	SPACE
	Critique.

	ICSS
	CREST
	Critique.


	Meta-Analyses
	Registries
	Critique.

	Case Series and Population-Based Studies
	Critique.

	Role of Interventionalist Specialty
	Conclusion: Literature Results of Carotid  Artery Stenting

	Long-term Results of Carotid  Artery Stenting
	Stroke Prevention
	Restenosis
	Stent Fracture
	Quality of Life

	Training Issues
	Cost and Reimbursement
	Acknowledgment
	Selected Key References
	References


	Chapter 102
	102 Carotid Artery: Dissection and Fibromuscular Dysplasia
	Fibromuscular Disease
	Epidemiology
	Pathogenesis
	Atherosclerotic Occlusive Disease
	Extracranial Carotid Artery Aneurysms
	Carotid Artery Dissection
	Vertebral Artery Fibromuscular Dysplasia
	Intracranial Aneurysms and Occlusive Disease
	Renal Artery Fibromuscular Dysplasia

	Clinical Findings
	Diagnostic Evaluation
	Duplex Ultrasound
	Arteriography
	Computed Tomographic and Magnetic  Resonance Angiography

	Selection of Treatments
	Natural History
	Therapeutic Challenges
	Clinical Considerations
	Anatomic Considerations
	Cerebral Protection.

	Stents

	Treatment
	Medical Management
	Mechanical Repair
	Open Surgical Dilatation.
	Open-Access Balloon Dilatation.
	Percutaneous Transluminal Angioplasty.



	Coexistent Fibromuscular Dysplasia And Carotid Atherosclerosis
	Spontaneous Carotid Artery Dissection
	Epidemiology
	Pathogenesis
	Clinical Findings
	Diagnostic Evaluation
	Natural History
	Treatment
	Medical Therapy
	Surgical Treatment
	Endovascular Therapy

	Selection of Treatment

	Selected Key References
	References


	Chapter 103
	103 Carotid Artery:
	Definition
	Historical Review
	Epidemiology
	Population Affected
	Incidence/Prevalence

	Pathogenesis
	Etiology
	Degenerative/Atherosclerotic
	Posttraumatic Causes
	Penetrating Injury.
	Blunt Cervical Injury and Carotid Dissection.

	Postendarterectomy Aneurysms
	Arterial Dysplasia

	Pathology

	Clinical Findings
	Physical Features/Symptoms
	Pulsatile Mass
	Neurologic Symptoms
	Cranial Nerve Dysfunction
	Dysphagia
	Hemorrhage and Rupture

	Differential Diagnosis

	Diagnostic Evaluation
	Natural History
	Treatment
	Open Surgical Repair
	Ligation
	History.
	Morbidity.
	Balloon Occlusion Test.
	Adjunctive Measures.

	Resection and Reconstruction
	History.
	Morbidity.
	Reconstruction Options.
	Pseudoaneurysm Repair after Previous Carotid Endarterectomy.

	Clinical Experience
	Adjunctive Measures

	Endovascular Treatment
	Selection of Treatment

	Treatment Technique
	Open Surgical Repair
	Endovascular Therapy
	Trans-stent Coil Embolization
	Stent-Graft Coverage


	Treatment Outcome
	Early Results
	Open Surgical Repair
	Endovascular Therapy
	Treatment of Carotid Blowout

	Late Results
	Open Surgical Repair
	Endovascular Therapy


	Medical Management
	Antithrombotic Therapy
	Statins
	Mycotic Aneurysms

	Special Considerations
	Pediatric Patients

	Selected Key References
	References


	Chapter 104
	104 Carotid Artery:
	Carotid Body Tumors
	Epidemiology
	Pathogenesis
	Anatomy and Pathology

	Genetics
	Clinical Findings
	Diagnostic Evaluation
	Carotid Body Tumor Embolization
	Intraarterial Embolization
	Direct Embolization

	Surgical Treatment
	Avoiding Cranial Nerve Injury
	Carotid Body Tumor Classification
	Operative Technique

	Surgical Results
	Other Treatment

	Other Primary Head and Neck Paracarotid Tumors
	Glomus Jugulare and Glomus Tympanicum
	Glomus Vagale
	Schwannoma

	Carotid Sinus Syndrome
	Pathophysiology
	Epidemiology
	Treatment

	Carotid Sinus Stimulation
	Carotid Artery Kinks and Coils
	Epidemiology
	Management
	Surgical Treatment


	Moyamoya Disease
	Epidemiology and Pathogenesis
	Clinical Findings
	Diagnosis
	Treatment
	Results

	Intracranial Vascular Lesions
	Intracranial Vascular Stenosis
	Interventional Treatment
	Surgical Treatment

	Intracranial Aneurysm

	Selected Key References
	References


	Chapter 105
	105 Brachiocephalic Artery:
	Anatomy
	Clinical Findings
	Diagnostic Evaluation
	Revascularization
	Indications
	Options for Revascularization
	Anatomic Revascularization
	Endarterectomy
	Bypass Grafts
	Ascending Aorta and Arch Replacement
	Operative Results
	Postoperative Management
	Extraanatomic Revascularization
	Carotid-Subclavian Transposition.
	Carotid-Subclavian Bypass.
	Axilloaxillary and Subclavian-Subclavian Bypass.
	Carotid-Carotid Bypass.
	Carotid-Contralateral Subclavian Bypass.
	Operative Results.
	Postoperative Management.



	Acknowledgments
	Selected Key References
	References


	Chapter 106
	106 Brachiocephalic Artery:
	Procedure Planning
	Imaging Studies
	Computed Tomographic and Magnetic  Resonance Angiography
	Arteriography
	Transesophageal Echocardiography

	Anatomic Considerations
	Disease Distribution


	Options for Endovascular Therapy
	Angioplasty
	Stents
	Covered Stents
	Perioperative Medical Management
	Antiplatelet Agents
	Intraprocedural Heparin


	Technical Details
	Left Subclavian Artery Intervention
	Vertebral Artery Protection
	Brachial Access

	Innominate Artery Interventions
	Access
	Carotid Protection
	Innominate Branches

	Left Common Carotid Artery Interventions
	Innominate and Left Common  Carotid Interventions in Combination  With Carotid Endarterectomy
	Technique
	Results


	Results
	Patency

	Arch Intervention in  Inflammatory Conditions
	Long-Term Management
	Medical Therapy
	Surveillance Protocol

	Selected Key References
	References


	Chapter 107
	107 Vertebral Artery Disease
	Pathogenesis
	Ischemic Mechanisms
	Low Flow
	Embolic


	Patient Selection for Vertebral  Artery Reconstruction
	Anatomic Considerations
	Etiologic Considerations
	Low Flow
	Embolic
	Global Ischemia

	Differential Diagnosis
	Diagnostic Tests
	Duplex Ultrasonography
	Computed Tomography and Magnetic  Resonance Imaging
	Arteriography

	Disease Distribution
	V1 Segment
	V2 Segment
	V3 Segment
	V4 Segment


	Vertebral Artery Reconstructive Procedures
	Disease Location
	V1 Segment
	V2 Segment
	V3 Segment
	Suboccipital Segment

	Transposition of the Proximal Vertebral Artery into the Common Carotid Artery
	Distal Vertebral Artery Reconstruction
	Common Carotid–Vertebral Artery Bypass
	External Carotid–Vertebral Artery Transposition
	Vertebral Artery–Internal Carotid  Artery Transposition
	Posterior Suboccipital Vertebral Artery Bypass


	Operative Results
	Perioperative
	Proximal Reconstructions
	Distal Reconstructions

	Long-Term Outcomes

	Endovascular Therapy
	Endovascular Treatment

	Conclusion
	Selected Key References
	References


	Chapter 108
	108 Lower Extremity Arterial Disease:
	Classification
	Claudication
	Disease Location
	Nonatherosclerotic Causes of Claudication

	Critical Limb Ischemia

	Epidemiology
	Prognostic Value of Ankle Brachial Index
	Prevalence of PAD
	Prevalence Based on ABI
	Prevalence Based on Demographics

	Prevalence Based on Risk Factors

	Natural History
	Asymptomatic Disease
	Impact of Female Gender
	Impact on Future Health

	Intermittent Claudication
	Impact on Extremity
	Quality of Life
	Association with Systemic Atherosclerosis

	Critical Limb Ischemia
	Impact on Extremity
	Quality of Life
	Association with Systemic Atherosclerosis
	Impact of Medical Treatment


	Diagnosis
	History and Physical Examination
	Risk Factor Assessment
	Hyperhomocysteinemia
	Hypercoagulable States


	Diagnostic Studies
	Hematologic Studies
	Lipid Profile
	C-Reactive Protein
	Hypercoagulable States
	Homocysteine

	Cardiac and Cerebrovascular Evaluation
	Cardiac Disease
	Cerebrovascular Disease
	Risk Stratification for Patients with  Critical Limb Ischemia

	Exclusion of Associated Aneurysms
	Vascular Laboratory and Imaging Studies
	Vascular Laboratory
	Disease Severity.
	Disease Location.

	Imaging Modality Selection


	Treatment
	Antiplatelet Therapy
	Smoking Cessation
	Treatment of Hyperlipidemia
	Treatment of Hypertension
	Treatment of Diabetes and Other Risk Factors

	Selected Key References
	References


	Chapter 109
	109 Lower Extremity Arterial Disease:
	Medical Management
	Risk Factor Modification
	Smoking
	Diabetes Mellitus
	Hypertension
	Dyslipidemia
	Homocysteinemia
	Platelets and Thrombosis

	Exercise Therapy for Claudication
	Pharmacologic Treatment of Claudication
	Pentoxifylline
	Cilostazol

	Intermittent Pneumatic Compression for Peripheral Artery Disease

	Decision Making for Revascularization
	Defining Treatment Success
	Limb- and Patient-Centered Outcomes
	Functional Outcome
	Claudication
	Critical Limb Ischemia


	Treatment Guidelines According to Anatomic Disease Classification
	Bollinger Classification
	Graziani Classification
	Trans Atlantic Inter Society  Consensus Classification
	Future Classification Systems

	Treatment Guidelines According  to Presentation
	Claudication
	Medical Therapy versus Revascularization
	Endovascular Treatment versus Open Surgery

	Critical Limb Ischemia
	Medical Therapy versus Revascularization
	Limb Amputation versus Revascularization
	Endovascular Treatment versus Open Surgery
	Situational Perfusion Enhancement.
	BASIL Trial.



	Impact of Conduit Availability, Preoperative Functional Status,  and Comorbid Disease
	Conduit Availability
	Influence of Comorbid Conditions and Preoperative Functional Status

	Risk Prediction Models
	Lower Extremity Grading System
	Finnvasc Risk Score
	PREVENT III Risk Score
	BASIL Survival Prediction Model

	Angiogenesis for Peripheral  Arterial Disease
	Growth Factors
	Fibroblast Growth Factor
	Hepatocyte Growth Factor
	Pooled Result Analysis

	Stem Cell Therapy
	Autologous Cells
	Allogenic Cells

	Future Developments

	Future Trends
	Decision Analysis
	Cost Considerations

	Unmet Needs
	Selected Key References
	References


	Chapter 110
	110 Aortoiliac Disease:
	Pathology and Clinical Presentation
	Pathology
	Collateral Circulation
	Embolism

	Epidemiology
	Presenting Symptoms

	Diagnosis
	History and Physical Examination
	Noninvasive Hemodynamic Assessment
	Imaging
	Duplex Ultrasound
	Axial Imaging
	Arteriography


	Indications for Surgical Intervention
	Impact of Endovascular Treatment
	Claudication
	Critical Limb Ischemia

	Surgical Treatment
	Preoperative Preparation
	Coronary Artery Disease

	Aortoiliac Endarterectomy
	Patient Selection
	Technique

	Aortobifemoral Bypass
	Exposure
	Clamp Placement
	Graft Selection
	Anastomoses
	End to End.
	End to Side.
	Technique.

	Closure

	Adjunctive Profundaplasty
	Technique

	Other Operative Considerations
	External Iliac Anastomosis
	Multilevel Occlusive Disease
	Associated Renal or Mesenteric Artery  Occlusive Disease
	Retroperitoneal Approach
	Minimally Invasive Approaches


	Results
	Early Complications
	Hemorrhage
	Intestinal Ischemia

	Late Complications
	Graft Thrombosis
	False Aneurysm
	Graft Infection
	Aortoenteric Fistula


	Isolated Profundaplasty
	Selected Key References
	References


	Chapter 111
	111 Aortoiliac:
	General Concepts
	History
	Indications
	Contraindications

	Femorofemoral Crossover Bypass
	Basic Concepts, Indications, and Patient Selection
	Technique and Graft Configuration
	Results
	Causes of Failure
	Surveillance
	Effect of Surgical Indications and  Patient Characteristics
	Effect of Graft Material and External Support
	Hemodynamic Considerations
	Significance of Iliac Artery “Inflow” Lesions.
	Hemodynamic Results.

	Angioplasty of “Donor” Iliac Artery Before Femorofemoral Bypass
	Effect of Outflow Disease

	Complications

	Axillofemoral Bypass
	Basic Concepts, Indications, and Patient Selection
	Technique and Graft Configuration
	Axillary Anastomosis
	Femoral Anastomoses

	Results
	Effects of Surgical Indications and Patient Characteristics on Results
	Early Literature.
	Claudication versus Critical Limb Ischemia.
	Secondary Patency.
	Systematic Review.
	Limb Salvage.
	Surveillance.

	Effect of Graft Material and External Support
	Axillouni-versus-Axillobifemoral  Configuration, Graft Diameter, and Other Hemodynamic Considerations
	Effect of Outflow Disease
	Axillopopliteal Bypass

	Complications

	Obturator Bypass and Other  Extra-Anatomic Alternatives to  Direct Femoral Artery Bypass
	Indications and Patient Selection
	Technique and Graft Configuration
	Target Artery and Tunneling
	Thigh Perfusion
	Results
	Graft Material
	Alternatives to Standard Obturator Bypass

	Complications

	Thoracofemoral and Supraceliac– to–Iliofemoral Bypass
	Indications and Patient Selection
	Technique and Graft Configuration
	Use of Descending Thoracic Aorta for Inflow
	Use of Supraceliac Aorta for Inflow

	Results

	Acknowledgements
	Selected Key References
	References


	Chapter 112
	112 Aortoiliac Disease:
	Background
	Indications
	Limb Ischemia
	Younger Patients
	Embolization
	Improving Inflow for Concomitant Procedures

	Contraindications
	Relevant Anatomy: TASC Classification
	Patient Evaluation and  Operative Planning
	Primary Evaluation
	Noninvasive Imaging
	Duplex Arterial Mapping
	Magnetic Resonance Angiography
	Computed Tomographic Angiography

	Evaluation for Common Femoral Artery Disease
	Concomitant Aortic Disease

	Technique
	Pretreatment Considerations
	Avoiding Contrast Nephropathy

	Determination of Approach
	Determination of Hemodynamically  Significant Lesion
	Techniques to Recanalize Chronic Totally Occluded Iliac Arteries
	Contralateral Approach
	Brachial Approach
	Reentry Wires and Catheters

	Aortic Bifurcation Lesions
	Technical Approach
	Aortic Bifurcation Advancement

	Concomitant Femoral Endarterectomy
	Stent Sizing
	Stent Selection

	Results
	Percutaneous Angioplasty versus  Selective Stenting
	Primary Stenting versus Selective Stenting
	Long-Term Results
	Patency Based on TASC Classification
	TASC Types A and B Lesions
	TASC Types C and D Lesions

	Patency with Concomitant Common Femoral Artery Disease
	Predictors of Failure
	Stent-Grafting
	Stent-Graft Patency
	Predictors of Failure for Stent-Grafting

	Patient Survival

	Complications
	Contrast Related
	Sheath Site Related
	Remote
	Arterial Rupture
	Arterial Dissection
	Embolization


	Postoperative Management
	Criteria for Reporting Significant Change  in Clinical Status
	Criteria for Patency
	Quality-of-Life Outcomes

	Selected Key References
	References


	Chapter 113
	113 Infrainguinal Disease:
	Indications
	Claudication
	Critical Limb Ischemia

	Preoperative Assessment
	Preoperative Imaging
	Defining Bypass Target Arteries
	Autogenous Vein Assessment

	Operative Planning
	Concomitant Inflow Disease
	Proximal Anastomotic Site
	Associated Femoral Endarterectomy
	Distal Anastomotic Site
	Isolated Popliteal Target
	Tibial, Peroneal, and Pedal Targets


	Operative Exposures
	Standard Anterior Approach to the Common Femoral and Profunda Femoris Arteries
	Alternative Approaches to the Profunda  Femoris Artery
	Exposures of the Popliteal and  Tibioperoneal Arteries

	Choice of Conduit
	Autogenous Grafts
	Prosthetic Grafts
	Vein Cuffs
	Human Umbilical Vein and Adjunctive Arteriovenous Fistula
	Heparin-Bonded PTFE

	Graft Comparison

	Bypass Technique
	Reversed Vein Bypass
	Arm Vein Harvest and Vein Splicing
	In Situ Vein Bypass

	Intraoperative Completion Studies
	Doppler Flow Assessment
	Arteriography
	Duplex Ultrasound
	Angioscopy

	Results
	Objective Endpoints
	Graft Patency
	Patency Definitions.
	Comparison of Graft Types.


	Subjective Endpoints
	Durability
	Functional Outcomes
	Cost-Effectiveness and Risk Stratification
	Quality of Life


	Postoperative Management
	Antiplatelet Therapy
	Anticoagulation
	Wound Care

	Complications
	Early Graft Occlusion
	Late Graft Occlusion

	Graft Surveillance
	Treatment of Graft and  Anastomotic Stenoses
	Acknowledgment
	Selected Key References
	References


	Chapter 114
	114 Infrainguinal Disease:
	Endovascular Planning
	Treatment Guidelines
	Femoropopliteal
	Infrapopliteal

	Results
	Reporting Standards
	Definitions of Successful Intervention
	Clinical Response
	Technical Success
	Hemodynamic Success
	Primary Patency
	Assisted Primary Patency
	Secondary Patency
	Target Lesion Revascularization

	Determinants of Outcome
	Lesion Characteristics
	Location.
	Stenosis versus Occlusion.
	Length.
	Multiple Same-Segment Stenoses.

	Pattern of Vascular Disease
	Multilevel Disease.
	Runoff Status.

	Patient Demographics
	Gender.
	Comorbidities.

	Clinical Situation
	Indication for Intervention.
	Recurrent Stenosis.

	Intraprocedural Factors
	Dissection or Residual Stenosis.
	Initial Hemodynamic Response.


	Treatment Outcomes
	Femoropopliteal: Angioplasty
	Femoropopliteal: Angioplasty versus Bypass
	Femoropopliteal: Angioplasty versus Stenting
	Femoropopliteal: Drug Eluting Stents, Balloons
	Infrapopliteal: Angioplasty
	Infrapopliteal: Angioplasty and Stenting
	Infrapopliteal Drug-Eluting Stents


	Complications
	Acute Failure
	Late Failure

	Periprocedural Management
	Clinical
	Medical

	Follow-Up
	Surveillance
	Long-Term Management

	Special Considerations
	Anatomic
	Common Femoral Artery
	Profunda Femoris Artery
	Pedal and Plantar Arteries
	Angiosome Concept

	Adjunctive Techniques and Special Devices
	Lesion-Crossing Techniques
	Controlled Blunt Microdissection.
	Crosser Catheter.
	Reentry Devices.

	Relining Techniques: Covered Stents  or Stent Grafts
	Alternatives to Standard Balloon Angioplasty
	Debulking Devices.
	Cryoplasty.
	Cutting Balloon Angioplasty.

	Embolic Protection Devices


	Selected Key References
	References


	Chapter 115
	115 Nonatheromatous Popliteal Artery Disease
	Embryology
	Adventitial Cystic Disease
	Epidemiology
	Pathogenesis
	Etiology
	Repetitive Trauma Theory.
	Ganglion Theory.
	Systemic Disorder Theory.
	Developmental Theory.

	Pathology

	Clinical Presentation
	Arterial
	Venous

	Diagnostic Evaluation
	Noninvasive Testing
	Angiography
	Computed Tomography and Magnetic  Resonance Imaging

	Treatment
	Nonresectional Methods
	Cyst Aspiration.
	Cyst Excision or Cyst Evacuation.

	Resectional Methods
	Recurrence


	Popliteal Artery Entrapment Syndrome
	Epidemiology
	Pathogenesis
	Etiology
	Classification
	Type I.
	Type II.
	Type III.
	Type IV.
	Type V.
	Type VI.

	Pathology

	Clinical Presentation
	Diagnostic Evaluation
	Noninvasive Testing
	Angiography
	Computed Tomography and Magnetic  Resonance Imaging

	Treatment
	Types I to V, Normal Popliteal Artery
	Types I to V, Abnormal Popliteal Artery
	Type VI, Symptomatic
	Type VI, Asymptomatic


	Selected Key References
	References


	Chapter 116
	116 Diabetic Foot Ulcers
	Epidemiology
	Natural History
	Incidence
	Recurrence Rate
	Amputation Rate

	Etiology and Pathomechanics
	Risk Assessment
	Screening Evaluation
	Diabetic Neuropathy
	Sensory Neuropathy
	Motor Neuropathy and Resultant Foot Deformity
	Autonomic Neuropathy

	Sensory Neuropathy Testing
	Monofilament Testing
	Vibration Testing

	Peripheral Artery Disease
	Anatomy of Peripheral Artery Disease in Patients with Diabetes
	Peripheral Artery Disease Evaluation  in the Diabetic Foot

	Classification of Risk for Ulceration

	Diabetic Foot Ulcers: Assessment, Classification, and Management
	Classification of Ulcer Severity
	Meggitt-Wagner System
	University of Texas Health Science Center,  San Antonio

	Management of Chronic Diabetic Foot Ulcers
	Débridement
	Dressings
	Negative Pressure Wound Therapy
	Platelet and Stem Cell Application
	Bioengineered Skin and Skin Grafts
	Nonsurgical Pressure Offloading
	Surgical Pressure Offloading
	Tendon Lengthening and Transfer.
	Digital Surgery.
	Metatarsal Head Resection.
	Digital and Midfoot Amputations.
	Digital Amputation.
	Midfoot Amputation.



	Assessment and Classification of Infected Diabetic Foot Ulcers
	Patient Evaluation
	Clinical Evaluation
	Laboratory Studies
	Imaging Studies
	Culture of Ulcer
	Bacteriology
	Infection Classification

	Management of Acute Diabetic Foot Infections
	Antimicrobial Therapy
	Comparison of Antibiotic Regimens
	Skin and Soft Tissue Infection.
	Osteomyelitis.

	Surgical Treatment
	Débridement and Drainage.
	Fascial Compartments.
	Arterial Revascularization.

	Inpatient versus Outpatient Therapy


	Management of Osteomyelitis
	Diagnosis
	Treatment

	Charcot’s Neuroarthropathy
	Etiology
	Clinical Evaluation
	Imaging Studies
	Bone Biopsy
	Treatment
	Offloading
	Medical Therapy
	Surgery


	Preventive Care of the High-Risk Patient in Remission
	Education
	Therapeutic Footwear
	Multidisciplinary Team Approach

	Selected Key References
	References


	Chapter 117
	117 Lower Extremity Amputation:
	Epidemiology
	Variation in Amputation Rates
	Effect of Ethnicity and Economic and Social Status
	Effect of Revascularization Rates

	Indications for Amputation
	Impact of Diabetes
	Impact of Tissue Loss and Anatomy
	Impact of Delay in Presentation

	Primary Amputation versus Revascularization
	Groups Benefiting from Primary Amputation

	Perioperative Evaluation
	Perioperative Stages
	Stage 1.
	Stage 2.
	Stage 3.
	Stage 4.
	Stage 5.

	Reducing Perioperative Risk
	Managing Infection
	Planning Rehabilitation

	Amputation Level Selection
	Objective Testing and Clinical Judgment
	Physical Findings
	Skin Temperature Measurements
	Ankle and Toe Pressure Measurements
	Arteriography
	Radioisotope Scans, Scintigraphy,  and Skin Perfusion Pressure
	Transcutaneous Oxygen Measurements

	Technique Selection

	Rehabilitation Considerations
	Amputation Wound Dressings
	Prosthesis Selection and Training

	Functional Outcome
	Impact of Amputation Level and Co-Morbidities
	Impact of Age
	Fate of the Contralateral Limb after Amputation
	Depression after Amputation

	Selected Key References
	References


	Chapter 118
	118 Lower Extremity Amputation:
	General Principles
	Amputation Types
	Toe and Ray Amputation
	Anatomy
	Technique: Toe Amputation
	Technique: Ray Amputation
	Postoperative Considerations

	Transmetatarsal Amputation
	Anatomy
	Technique
	Postoperative Considerations

	Midfoot and Hindfoot Amputations
	Anatomy
	Lisfranc’s and Chopart’s Amputations
	Lisfranc’s.
	Chopart’s.
	Postoperative Considerations.

	Syme’s Amputation
	Postoperative Considerations.


	Transtibial (Below-Knee) Amputation
	Anatomy
	Technique
	Posterior Flap.
	Sagittal Flap.
	Skew Flap.
	Fish-Mouth Flap.
	Medial Flap.
	Guillotine Amputation.
	Cryoamputation.

	Postoperative Considerations

	Through-Knee Amputation
	Anatomy
	Technique
	Postoperative Considerations

	Transfemoral (Above-Knee) Amputation
	Anatomy
	Technique
	Postoperative Considerations

	Hip Disarticulation
	Anatomy
	Technique
	Postoperative Considerations


	Principles of Postoperative Care
	Outcomes
	Operative Mortality
	Long-Term Survival
	Functional Outcome
	Reamputation
	Complications
	Local
	Bleeding.
	Infection.
	Contracture.

	Systemic
	Cardiac.
	Pulmonary.
	Venous Thromboembolism.
	Renal Failure.
	Stroke.
	Psychiatric.
	Pain.



	Selected Key References
	References


	Chapter 119
	119 Upper Extremity Arterial Disease:
	Epidemiology
	Etiology and Pathogenesis
	Small Vessel Arteriopathies
	Large Vessel Arteriopathies

	Clinical Findings
	Acute Ischemia
	Chronic Ischemia

	Diagnostic Evaluation
	Clinical Evaluation
	Vascular Laboratory Evaluation
	Other Imaging
	Blood Tests

	Treatment
	Medical
	Surgical

	Selected Key References
	References


	Chapter 120
	120 Upper Extremity Arterial Disease:
	Clinical Findings
	Acute Arm Ischemia

	Chronic Arm Ischemia
	Treatment
	Conservative Therapy
	Endovascular Treatment
	Surgical Treatment
	Arterial Exposure
	Axillary Artery.
	Brachial Artery.
	Radial Artery.
	Ulnar Artery.
	Interosseous Artery.
	Palmar Arteries.

	Bypass Conduit and Tunneling
	Transbrachial Embolectomy
	Postoperative Management and Follow-up


	Alternative Therapy
	Trauma
	Iatrogenic Trauma
	Brachial Artery
	Radial Artery

	Noniatrogenic Trauma
	Penetrating Trauma
	Delayed Recognition
	Blunt Trauma
	Pediatric Supracondylar Fractures
	Complications
	Compartment Syndrome


	Selected Key References
	References


	Chapter 121
	121 Upper Extremity Arterial Disease:
	Epidemiology
	Etiology
	Trauma and Military Injuries
	Nontraumatic Disease


	General Operative Considerations
	Initial Management
	Arterial Assessment
	Preservation of Length
	Soft Tissue Coverage
	Nerves
	Bone and Cartilage
	Tendons

	Specific Amputations
	Fingertip Amputation
	Technique
	Skin Grafts
	Local Flap Closure

	Digit-Level Amputations
	Midfinger Amputation
	Proximal Phalanx
	Ray Amputation
	Thumb Amputation

	Hand-Wrist Amputations
	Forearm Amputations
	Elbow Disarticulation
	Upper Arm Amputations
	Shoulder Disarticulation and  Forequarter Amputations

	Postoperative Management and Complications
	Wound Treatment
	Revision
	Phantom Pain
	Psychosocial Rehabilitation
	Physical Rehabilitation
	Prostheses

	Long-Term Outcomes
	Selected Key References
	References


	Chapter 122
	122 Raynaud’s Phenomenon
	Definition and Differential Diagnosis
	Epidemiology
	Pathogenesis
	Vascular
	Functional Abnormalities
	Impaired Vasodilatation.
	Increased Vasoconstriction.

	Structural Abnormalities

	Neural
	Impaired Vasodilatation
	Increased Vasoconstriction
	Central Mechanisms

	Intravascular Factors
	Other Mechanisms/Factors

	Diagnosis
	History
	Physical Examination
	Investigations
	Nailfold Capillaroscopy
	Other Vascular Investigations
	Investigation of (Proximal) Large Vessel Disease.
	Thermography.
	Other Laboratory Methods.



	Medical Management
	General Measures
	Drug Treatment
	Digital Ulceration/Critical Ischemia
	Coexisting Pathology
	Digital Ulceration.
	Progressive Critical Ischemia.



	Surgical Management
	Anatomy
	Evaluation and Anesthesia
	Ulcer Débridement
	Technique

	Sympathectomy
	Cervical Sympathectomy
	Periarterial (Digital, Radial, and Ulnar) Sympathectomy
	Technique

	Balloon Angioplasty
	Arterial Reconstruction
	Technique

	Excision of Calcific Deposits
	Technique

	Amputation
	Botulinum Toxin Injections

	Possible Future Treatments
	Selected Key References
	References


	Chapter 123
	123 Occupational Vascular Problems
	Manual Labor Injuries
	Hand-Arm Vibration Syndrome
	Clinical Findings and Risk Factors
	Diagnosis
	Treatment and Prevention

	Hypothenar Hammer Syndrome
	Etiology and Incidence
	Clinical Findings and Diagnosis
	Treatment


	Exposure Injuries
	Occupational Acro-osteolysis
	Electrical Burns
	Extreme Thermal Injuries

	Athletic Injuries
	Hand Ischemia
	Clinical Findings and Risk Factors
	Treatment

	Quadrilateral Space Syndrome
	Humeral Head Compression of the Axillary Artery
	Thoracic Outlet Syndrome
	Clinical Findings and Risk Factors
	Treatment


	Selected Key References
	References


	Chapter 124
	124 Upper Extremity Sympathectomy
	Anatomy
	Sympathetic Ganglia
	Sympathetic Innervation of the Upper Limbs
	Sympathetic Innervation of the Ocular Structures
	Sympathetic Innervation of the Cephalic Segment
	Sympathetic Innervation of the Heart

	Physiology
	Indications for Cervicothoracic Sympathectomy
	Idiopathic Hyperhidrosis
	Ischemia of the Hand
	Complex Regional Pain Syndrome
	Long QT Syndrome
	Raynaud’s Syndrome

	Surgical Technique
	Open Surgery
	Video-Assisted Thoracoscopic Sympathectomy
	Instrumentation
	Anesthesia
	Positioning
	Technique
	Technical Difficulties
	Technical Alternatives
	Contraindications


	Target Ganglia
	Palmar Hyperhidrosis
	Axillary Hyperhidrosis
	Craniofacial Hyperhidrosis or Facial Rubor
	Complex Regional Pain Syndrome,  Vascular Disease, and Raynaud’s Syndrome
	Long QT Syndrome

	Results
	Hyperhidrosis
	Vascular Diseases
	Complex Regional Pain Syndrome
	Long QT Syndrome
	Raynaud’s Syndrome

	Complications
	Pneumothorax
	Hemorrhage
	Chylothorax
	Cardiac
	Neurologic

	Causes of Failure
	Incomplete Denervation
	Regeneration
	Functional Reorganization  (Collateral Nerve Sprouting)

	Sympathectomy Reversal
	Selected Key References
	References


	Chapter 125
	125 Thoracic Outlet Syndrome:
	History
	Anatomy
	Three Spaces
	Nerves
	Brachial Plexus
	Phrenic Nerve
	Long Thoracic Nerve
	Dorsal Scapular Nerve
	Cervical Sympathetic Chain

	Scalene Muscle Variations and Anomalies
	Splitting of the Anterior Scalene around C5 and C6.
	Scalene Minimus Muscle.
	Interdigitating Muscle Fibers.
	Scalene Triangle Width.
	Congenital Bands and Ligaments.
	Relationship of the Subclavian Vein to the Phrenic Nerve.
	Relationship of the Subclavian Vein and Costoclavicular Ligament.

	Cervical Ribs and Anomalous First Ribs
	Incidence
	Complete versus Incomplete Cervical Ribs
	Significance
	Association with Arterial and Neurogenic Thoracic Outlet Syndrome
	Objective Findings


	Pathogenesis
	Etiology
	Predisposing Factors
	Pathology
	Pathophysiology

	Patient Evaluation
	History
	Physical Examination
	Adson Test
	Elevated Arm Stress Test (EAST or Roos Test;  Fig. 125-9)
	Modified Upper Limb Tension Test  (Elvey Test; Fig. 125-10)

	Diagnostic Tests
	Challenges in Diagnosis
	Emerging Diagnostic Studies


	Treatment Principles
	Role of Physical Therapy

	Pectoralis Minor Syndrome
	Etiology-Pathology
	Presentation
	Diagnostic Testing
	Treatment
	Conservative Treatment
	Surgical Treatment
	Technique.
	Results.

	Significance
	Broader Application of Pectoralis Minor Tenotomy


	Selected Key References
	References


	Chapter 126
	126 Thoracic Outlet Syndrome:
	Etiology
	Neck Trauma
	Repetitive Strain Injury
	Pathophysiology
	Histopathology

	Clinical Findings
	Symptoms
	Demographics
	Pain and Paresthesia
	Positional Effects
	Weakness and Muscle Atrophy
	Disability
	Arterial Symptoms and Complex Regional  Pain Syndrome

	Physical Examination
	Vascular Examination

	Diagnostic Tests
	Radiography
	Cross-Sectional Imaging
	Neurophysiologic Testing
	Scalene Muscle Blocks
	Angiography and Vascular Laboratory Studies

	Making the Diagnosis

	Conservative Management
	Physical Therapy
	Evaluation
	Treatment
	Results


	Surgical Treatment
	Choice of Approach
	Transaxillary Approach
	Supraclavicular Approach
	Pectoralis Minor Tenotomy
	Cervical Sympathectomy
	Postoperative Management

	Surgical Complications
	Nerve Injuries
	Lymph Leakage
	Vascular Injuries

	Results of Surgery
	Outcome Measures
	Operative Results
	Transaxillary First Rib Resection.
	Supraclavicular First Rib Resection with Anterior and Middle Scalenectomy.
	Comparison of Surgical Approaches
	Predicting the Outcome of Surgery
	Ongoing Symptoms
	Persistent Symptoms.
	Recurrent Symptoms.



	Selected Key References
	References


	Chapter 127
	127 Thoracic Outlet  Syndrome:
	Pathophysiology
	Epidemiology
	Clinical Presentation
	Signs and Symptoms
	Clinical Assessment

	Diagnostic Evaluation
	Compression Maneuvers
	Noninvasive Vascular Laboratory Studies
	Duplex Ultrasonography
	Pulse Volume or Segmental Pressure Recording

	Radiographic Studies
	Radiography
	Computed Tomography
	Magnetic Resonance Angiography
	Catheter-Based Angiography

	Laboratory Testing

	Differential Diagnosis
	Screening

	Treatment
	Medical Treatment
	Surgical Treatment Principles
	Treatment Selection
	Scher Classification

	Surgical Treatment
	Relevant Anatomy
	Operative Planning and Strategy
	Description of Technique
	Endovascular Options
	Distal Revascularization
	Postoperative Management
	Definition of Success and  Determinants of Outcome
	Results
	Complications


	Selected Key References
	References


	Chapter 128
	128 Thoracic Outlet  Syndrome:
	Primary Subclavian-Axillary  Vein Thrombosis
	Epidemiology
	Etiology
	Clinical Findings
	Diagnostic Evaluation
	Duplex Ultrasound
	Magnetic Resonance and Computed  Tomographic Venography
	Venography

	Treatment
	Anticoagulation Alone
	Thrombolytic Therapy
	Thrombolysis Technique.
	Post-Thrombolysis Management.

	Surgical Decompression of the Thoracic Outlet
	Surgical Techniques
	Paraclavicular Approach.
	Infraclavicular Approach.
	Transaxillary Approach.

	Vein Treatment after First Rib Resection
	Results


	McCleery’s Syndrome
	Secondary Subclavian-Axillary  Vein Thrombosis
	Epidemiology
	Pathogenesis
	Etiology
	Risk Factors

	Natural History
	Clinical Findings
	Diagnostic Evaluation
	Duplex Ultrasound
	Digital Subtraction, Magnetic Resonance,  and Computed Tomographic Venography
	Diagnostic Test Selection

	Treatment
	Prophylaxis

	Selected Key References
	References


	Chapter 129
	129 Arterial Aneurysms:
	Historical Perspective
	Aneurysm Classification
	Size Definitions
	Aortic
	Peripheral

	True versus False Aneurysms
	Location and Extent
	Morphology
	Etiology
	Degenerative
	Inflammatory
	Aneurysms Associated with Arterial Dissection
	Traumatic
	Developmental and Congenital Anomalies
	Infectious

	Specific Arteries
	Aortic
	Iliac
	Femoral
	Popliteal
	Visceral
	Renal
	Cerebrovascular
	Upper Extremity


	Multiple Aneurysms
	Aortic
	Peripheral
	Familial
	Connective Tissue Disorders
	Cystic Medial Degeneration


	Selected Key References
	References


	Chapter 130
	130 Abdominal Aortic Aneurysms:
	Background
	Size Definitions
	Aneurysm Locations

	Epidemiology
	Impact of Rupture
	Incidence
	Incidence of Rupture

	Prevalence
	Influence of Risk Factors

	Familial Clustering

	Clinical Findings and Diagnosis
	Intact Abdominal Aortic Aneurysms
	Ruptured Abdominal Aortic Aneurysms
	Physical Examination
	Imaging
	Ultrasound
	Computed Tomographic Angiography
	Rotational Angiography.
	Magnetic Resonance Imaging.



	Screening
	Prospective Trials
	Nonrandomized Trials
	Randomized Trials


	Factors Affecting Clinical  Decision Making
	Aneurysm Rupture Risk
	Effect of Aneurysm Diameter
	Estimates from Recent Trials
	United Kingdom Small Aneurysm Trial.
	Aneurysm Detection and Management Study.
	Meta-Analysis of Trials.

	Small Abdominal Aortic Aneurysms: Impact of Endovascular Aneurysm Repair
	CAESAR Trial.
	PIVOTAL Trial.

	Large Abdominal Aortic Aneurysms:  Impact of Turndown Rate
	Aneurysm Shape
	Expansion Rate
	Family History
	Aneurysm Wall Stress
	Finite-Element Analysis

	Operative Risk
	Prediction Algorithms for Open Repair
	Glasgow Aneurysm Score.
	Medicare Model.
	Vascular Governance North West.
	Preoperative Testing.

	Prediction Algorithms for Endovascular  Aneurysm Repair
	Other Measures of Operative Risk
	Functional Outcome.
	Subsequent Interventions.


	Life Expectancy
	Patient Preferences

	Medical Management
	Smoking Cessation
	Exercise Therapy
	Pharmacotherapy and Small Aneurysm  Growth Rates
	Doxycycline

	Pharmacotherapy and Operative and  Long-Term Outcome
	Beta Blockers
	Statins
	Antiplatelet Therapy
	Angiotensin-Converting Enzyme  Inhibitors/Angiotensin Receptor Blockers

	Decision-Making Summary

	Selected Key References
	References


	Chapter 131
	131 Abdominal Aortic Aneurysms:
	Terminology
	Indication
	Anatomy
	EVAR Conversion
	Infection
	Additional Circumstances

	Preoperative Assessment and Planning
	Preoperative Imaging
	Computed Tomography
	Magnetic Resonance Angiography


	Operative Technique
	Selecting the Approach

	Transperitoneal Repair
	Exposure
	Iliac Arteries
	Pararenal Aorta
	Supraceliac Aorta
	Medial Visceral Rotation.


	Arterial Reconstruction
	Closure

	Retroperitoneal Repair
	Exposure
	Iliac Arteries
	Supraceliac Aorta

	Arterial Reconstruction
	Closure

	Anatomic Considerations
	Management of the Inferior Mesenteric Artery
	Renal Abnormalities
	Venous Abnormalities
	Coexisting Pathology

	Intraoperative Management
	Cardiac Function
	Aortic Clamping
	Aortic Declamping
	Management

	Renal Function
	Renal Protection


	Postoperative Complications
	Early Complications
	Bleeding
	Myocardial Ischemia
	Respiratory Failure
	Renal Failure
	Colonic Ischemia
	Diagnosis.
	Management.

	Lower Extremity Ischemia
	Spinal Cord Ischemia
	Venous Thrombosis

	Late Complications
	Anastomotic Breakdown
	Graft Infection
	Abdominal Wall Hernias and Bulges
	Small Bowel Obstruction


	Outcomes
	Early Mortality
	Long-Term Survival
	Functional Outcome
	Metachronous Aneurysms
	Postoperative Surveillance

	Special Circumstances
	Open Conversion After EVAR
	Inflammatory Aneurysms
	Diagnosis
	Operative Repair
	Outcomes

	Infected Abdominal Aortic Aneurysms
	Diagnosis
	Treatment

	Isolated Iliac Artery Aneurysms
	Natural History
	Operative Approach and Technique


	Selected Key References
	References


	Chapter 132
	132 Abdominal Aortic Aneurysms:
	Graft Types
	Randomized Trials of EVAR versus  Open Repair
	Perioperative Outcome
	Long-Term Outcome
	Population-Based Results
	Meta-Analysis


	EVAR Compared with  Medical Management
	Comparison of Different Stent Grafts
	Complications of Endovascular Aneurysm Repair
	Endoleak
	Type I
	Type II
	Type III
	Type IV
	Type V
	Endoleak Detection

	Migration
	Graft Limb Occlusion
	Renal Artery Occlusion
	Neck Dilatation
	Stent Graft Infection
	Pelvic Ischemia
	Stent Graft Fatigue

	Follow-Up
	CT Scans and Ultrasound
	Sac Pressure Measurement
	Reintervention Rates

	Endovascular Repair of  the Juxtarenal Aorta
	Encroachment Technique
	Snorkel Technique
	Results

	Endovascular Repair of Common Iliac and Internal iliac Artery Aneurysms
	Common Iliac Artery Aneurysms
	Internal Iliac Artery Aneurysms

	Cost of Endovascular Aneurysm Repair
	Selected Key References
	References


	Chapter 133
	133 Abdominal Aortic Aneurysms:
	Terminology and History
	Definitions
	History

	Epidemiology
	Declining Incidence
	Mortality of Ruptured Abdominal  Aortic Aneurysm
	Mortality of Ruptured Abdominal Aortic Aneurysm Repair

	Pathophysiology
	Abdominal Aortic Aneurysm Shape and Finite Element Analysis
	Role of Aortic Thrombus

	Clinical Features
	Signs and Symptoms
	Differential Diagnosis
	Diagnostic Evaluation
	Plain Radiographs
	Ultrasound
	Computed Tomography
	Accuracy.
	Timing.



	Initial Management Strategies
	Patient Triage and Transfer to  Appropriate Institutions
	Permissive Hypotension
	Operative Preparation

	Operative Strategies:  Endovascular Repair
	Initial Management
	A Standardized Protocol-Based Approach
	Operating Room Setup

	Technique
	Arterial Access
	Stent-Graft Placement
	Preoperative CT Scan
	Anatomic Suitability for EVAR
	Choice of Anesthesia and Approach
	Aortic Occlusion Balloon
	Bifurcated versus Aortouniiliac Stent-Grafts for Ruptured Abdominal Aortic Aneurysm
	Assessment for Abdominal  Compartment Syndrome
	Conversion to Open Surgical Repair


	Operative Strategies:  Open Surgical Repair
	Transperitoneal Approach
	Retroperitoneal Approach
	Additional Options for Aortic Control
	Operative Technique
	Aortocaval Fistula
	Autotransfusion
	Hypothermia
	Anatomic Abnormalities
	Venous Abnormalities
	Renal Abnormalities

	Abdominal Closure

	Complications of Ruptured Abdominal Aortic Aneurysm Repair
	Local Complications
	Colonic Ischemia
	Spinal Ischemia

	Systemic Complications
	Cardiac Complications
	Respiratory Failure
	Renal Dysfunction
	Liver Failure
	Multisystem Organ Failure


	Ruptured Abdominal Aortic Aneurysm Repair Outcomes
	Open Surgical Repair
	Preoperative Predictors of Mortality
	Postoperative Estimates of Survival
	Predictors of Late Survival

	Endovascular Repair
	Single-Center and Multicenter Results
	Population-Based Studies
	Meta-Analyses
	Randomized Trials
	Late Re-Interventions

	Rupture after EVAR

	Quality of Life
	Selected Key References
	References


	Chapter 134
	134 Thoracic and Thoracoabdominal Aortic Aneurysms:
	Thoracic Aorta: Anatomy and Epidemiology of Thoracic and Thoracoabdominal Aortic Aneurysms
	Definition
	Normal and Pathologic Aortic Size
	Population Affected
	Risk Factors for Disease and Rupture
	Incidence and Prevalence

	Pathogenesis
	Aortic Wall Histology

	Etiology
	Anatomic Classification
	Clinical Findings
	History and Physical Examination
	Synchronous Aneurysm Risk

	Diagnostic Evaluation
	Imaging
	Chest Radiography
	Computed Tomography
	Magnetic Resonance Imaging and Magnetic Resonance Angiography
	Arteriography

	Laboratory Testing

	Medical Therapy
	Antihypertensive Medication
	Beta Blockers
	Angiotensin-Converting Enzyme Inhibitors  or Receptor Blockers

	Statins
	Smoking Cessation

	Selection of Treatment
	Size Criteria

	Preoperative Evaluation
	Cardiac
	Pulmonary
	Renal
	Functional Status

	Open Versus Endovascular Repair for Thoracoabdominal Aortic Aneurysms
	Industry-Sponsored Endovascular Graft Trials
	Long-Term Results

	Decision Making
	Current Status
	Subpopulations Benefiting from Thoracic Endovascular Aortic Repair
	Current Indications for Thoracic Endovascular Aortic Repair


	Thoracic Endovascular Aortic Repair versus Observation
	Other Pathologic Processes Associated with the Thoracic Aorta
	Aberrant Right Subclavian Artery
	Coarctation of the Aorta
	Thoracic Aortic Atheroma
	Tumors of the Thoracic Aorta

	Selected Key References
	References


	Chapter 135
	135 Thoracic and Thoracoabdominal Aneurysms:
	Pathology
	Degenerative
	Inheritable
	Trauma, Mycotic Aortitis, and Vasculitis

	Anatomic Classification
	Indications for Surgical Treatment
	Patient Evaluation
	Imaging
	Informed Consent

	Surgical Repair
	Extracorporeal Circulation
	Other Perfusion Techniques
	Anesthesia
	Patient Positioning
	Surgical Exposure
	Aneurysm Repair
	Initial Clamping
	Proximal Anastomosis
	Visceral-Renal Reattachment
	Distal Anastomosis
	Reimplantation of Intercostal Arteries

	Impact of Endovascular Treatment
	Descending Thoracic Aortic Aneurysm

	Postoperative Care
	Outcomes
	Spinal Cord Ischemia
	Physiologic Spinal Protection
	Expected Paralysis Model
	Impact of Physiologic Protection Measures
	Evoked Potential Measurement and  Intercostal Reimplantation

	Descending Thoracic Aortic Aneurysms
	Pulmonary Complications
	Mortality
	Renal Function
	Effect of Surgical Technique on Morbidity
	Long-term Survival and Quality of Life

	Selected Key References
	References


	Chapter 136
	136 Thoracic and Thoracoabdominal Aneurysms:
	Approved Devices for Thoracic Endovascular Aortic Repair
	Gore Conformable TAG Device
	Medtronic Talent Captivia Device
	Medtronic Valiant Captivia Device
	Cook TX2 Device with Pro-Form
	Bolton Relay plus Device

	Thoracic Endovascular Aortic Repair for Descending Thoracic Aneurysms
	Indications and Contraindications
	Relevant Anatomy
	Iliac Anatomy
	The Aortic Channel
	Aortic Sealing Zones

	Operative Planning and Options
	Imaging
	Sizing
	Selection of Access
	Identification of Landing Zones
	Management of the Left Subclavian Artery
	Coverage without Revascularization.
	Revascularization.

	Debranching of the Arch Vessels
	Management of the Celiac Artery
	Adjunctive Measures for Neuroprotection

	Operative Technique
	Access
	Imaging and Control of Deployment
	Delivery
	Deployment

	Postoperative Management
	Follow-up
	Results
	Technical Results
	Perioperative Outcomes
	Late Results

	Complications
	Vascular Complications
	Neurologic Complications
	Endoleaks
	Sac Enlargement
	Migration, Device Integrity, and Rupture
	Re-interventions


	Hybrid Endovascular Repair for Thoracoabdominal Aneurysms
	Indications and Contraindications
	Relevant Anatomy
	Operative Planning and Options
	Operative Technique
	Postoperative Management and Follow-up
	Results
	Complications

	Thoracic Endovascular Aortic Repair for Aortic-Arterial Embolization
	Operative Technique
	Results

	Selected Key References
	References


	Chapter 137
	137 Thoracic and Thoracoabdominal Aneurysms: Branched and Fenestrated Endograft Treatment
	History
	Device Configurations
	Visceral/Renal Aorta
	Fenestrated Stent-Grafts
	Branched Stent-Grafts

	Iliac Arteries
	Arch and Ascending Aorta
	Physician-Modified Stent-Grafts


	Preoperative Planning and Sizing
	Proximal Sealing Zone
	Fixation
	Patient Considerations
	Aortic Arch Considerations

	Preoperative Evaluation
	Family History
	Renal Evaluation
	Cardiac Evaluation
	Pulmonary Evaluation
	Spinal Circulation Evaluation

	Operative Technique
	Anesthesia
	Imaging
	Device Deployment
	Non-Preloaded Devices
	Pre-loaded Devices
	Visceral Aortic Branched Device
	Iliac Branch Devices
	Arch Branch Devices

	Follow-up and Surveillance
	Outcomes
	Fenestrated Devices
	Branched Devices
	Durability

	Selected Key References
	References


	Chapter 138
	138 Aortic Dissection
	Classification
	Temporal
	Anatomic

	Epidemiology
	Risk Factors for Dissection
	Cardiovascular Conditions
	Pregnancy
	Cocaine Abuse


	Pathologic Anatomy of Acute  Aortic Dissection
	Intimal Tear
	Cystic Medial Necrosis
	Atherosclerosis

	Pathogenesis of Malperfusion Syndromes
	Mechanism
	Dynamic Obstruction
	Static Obstruction


	Clinical Presentation
	Pain
	Syncope
	Neurologic Symptoms
	Hypertension
	Peripheral Vascular Complications

	Diagnostic Evaluation
	Imaging
	Plain Radiography
	Aortography
	Computed Tomographic Angiography
	Echocardiography
	Magnetic Resonance Imaging


	Treatment
	Medical Treatment
	Open Surgical Treatment of Ascending  Aortic Dissection
	Open Surgical Treatment of Descending  Aortic Dissection
	Endovascular Treatment of Aortic Dissection
	Goal of Treatment
	False Lumen Thrombosis
	Technical Details
	Outcomes

	Treatment of Malperfusion Syndrome
	Endovascular Treatment
	Percutaneous Fenestration.


	Open Surgical Treatment
	Technique
	Results


	Natural History and Follow-Up
	Long-Term Survival
	Late Therapy

	Intramural Hematoma and Penetrating Aortic Ulcer
	Etiology and Diagnosis
	Treatment

	Selected Key References
	References


	Chapter 139
	139 Lower Extremity Aneurysms
	Femoral Artery Aneurysms
	True Aneurysms
	Epidemiology
	Clinical Presentation and Diagnosis
	Indications for Treatment
	Surgical Treatment
	Endovascular Treatment

	Pseudoaneurysms
	Clinical Findings and Natural History
	Diagnosis
	Treatment
	Ultrasound-Guided Compression.
	Ultrasound-Guided Thrombin Injection.
	Open Surgical Repair.


	Superficial Femoral Artery Aneurysms
	Profunda Femoral Artery Aneurysms

	Persistent Sciatic Artery Aneurysm
	Popliteal Artery Aneurysms
	Epidemiology
	Pathogenesis
	Natural History
	Clinical Findings
	Diagnosis
	Imaging

	Indications for Treatment
	Elective Treatment
	Endovascular and Hybrid Treatment
	Procedure

	Open Treatment
	Medial Approach
	Posterior Approach

	Urgent/Emergent Repair
	Open Approach
	Endovascular Treatment—Thrombolysis
	Results.

	Hybrid Approach
	Results: Open versus Endovascular Repair

	Conclusion

	Tibial Artery and Pedal  Artery Aneurysms
	Selected Key References
	References


	Chapter 140
	140 Upper Extremity Aneurysms
	Arch Vessel Aneurysms
	Epidemiology and Etiology
	Subclavian Artery Aneurysms
	Innominate Artery Aneurysms
	Common Carotid Artery Aneurysms

	Clinical Presentation
	Symptoms
	Signs
	Imaging

	Open Surgical Repair
	Innominate Artery Aneurysms
	Subclavian Artery Aneurysms
	Results

	Endovascular Repair
	Anatomic Considerations
	Technique
	Hybrid Operations
	Results


	Aneurysm of Aberrant Subclavian Artery and Kommerell’s Diverticulum
	Anatomy
	Aberrant Subclavian Artery
	Aberrant Subclavian Artery Aneurysm
	Kommerell’s Diverticulum

	Clinical Presentation
	Aberrant Right Subclavian Artery
	Aberrant Subclavian Artery Aneurysm

	Surgical Treatment
	Aberrant Right Subclavian Artery
	Aberrant Subclavian Artery Aneurysm

	Endovascular-Hybrid Treatment
	Hybrid Approach
	Endovascular Approach


	Axillary Artery Aneurysms
	Etiology and Pathology
	Pseudoaneurysms

	Treatment
	Open Surgery
	Endovascular Treatment


	Brachial Artery Aneurysms
	Etiology
	Clinical Evaluation
	Treatment
	Open Surgical Treatment
	Endovascular Treatment

	Iatrogenic Injury
	Presentation
	Treatment


	Selected Key References
	References


	Chapter 141
	141 Splanchnic Artery Aneurysms
	Incidence and Etiology
	Special Considerations for Associated Conditions
	Von Recklinghausen’s Disease
	Ehlers-Danlos’ Syndrome
	Periarteritis Nodosa


	Rupture Risk
	Splenic Artery Aneurysms
	Other Splanchnic Aneurysms

	General Treatment Principles
	Elective Repair
	Emergent Repair
	Observation

	Surgical and Endovascular Techniques
	Open Repair
	Endovascular Therapy
	Embolization
	Covered Stents
	Flow-Diverting Stents


	Specific Splanchnic Aneurysms
	Splenic Artery Aneurysms
	Epidemiology
	Etiology
	Clinical Presentation
	Treatment
	Open Surgical Repair.
	Endovascular Repair.
	Robotic Surgical Repair.


	Hepatic Artery Aneurysms
	Epidemiology
	Etiology
	Clinical Presentation
	Treatment

	Superior Mesenteric Artery Aneurysms
	Epidemiology
	Etiology
	Clinical Presentation
	Treatment

	Celiac Artery Aneurysms
	Epidemiology
	Etiology
	Clinical Presentation
	Treatment

	Gastric and Gastroepiploic Artery Aneurysms
	Etiology
	Clinical Presentation
	Treatment

	Pancreaticoduodenal and Gastroduodenal  Artery Aneurysms
	Etiology
	Clinical Presentation
	Treatment

	Inferior Mesenteric, Jejunal, Ileal, and Colic  Artery Aneurysms
	Etiology
	Clinical Presentation
	Treatment


	Visceral Venous Aneurysms
	Selected Key References
	References


	Chapter 142
	142 Infected Aneurysms
	History and Epidemiology
	Pathogenesis and Etiology
	Microbial Arteritis
	Posttraumatic Infected Pseudoaneurysms
	Infection of Preexisting Aneurysms
	Infected Aneurysms from Cardiac Source

	Bacteriology
	Specific Bacteria

	Diagnosis
	Clinical Findings
	Laboratory Studies
	Imaging

	Antibiotic Treatment
	Operative Treatment
	Aorta
	Thoracic Aorta
	Treatment
	Complications
	Endovascular Treatment

	Abdominal Aorta
	Abdominal Aortic In-Situ Reconstruction
	Neo-Aortoiliac System Procedure
	Allografts
	Prosthetic Grafts

	Extra-Anatomic Abdominal Aortic Reconstruction
	Endovascular Repair of Infected  Aortic Aneurysms
	Femoral Artery
	Treatment

	Popliteal Artery
	Treatment

	Carotid Artery
	Treatment

	Upper Extremity Arteries
	Treatment

	Visceral Arteries
	Treatment


	Selected Key References
	References


	Chapter 143
	143 Aneurysms Caused by Connective Tissue Abnormalities
	Marfan’s Syndrome
	Epidemiology and Natural History
	Pathogenesis
	Role of Fibrillin
	Interaction with Transforming Growth Factor

	Clinical Manifestations and Diagnostic Evaluation
	Diagnostic Criteria
	Ghent Criteria.
	Genetic Testing.

	Differential Diagnosis

	Surveillance
	Valvular Disease
	Aortic Disease

	Prevention
	Medical Treatment
	Surgical Treatment
	Aortic Root
	Descending Thoracic and Thoracoabdominal Aorta
	Endovascular Treatment


	Vascular-Type Ehlers-Danlos Syndrome
	Epidemiology and Natural History
	Pathogenesis
	Clinical Evaluation
	Common Manifestations
	Differential Diagnosis

	Selection of Treatment
	True Aneurysms
	Vascular Complications
	Nonvascular Complications

	Medical Treatment
	Surgical Treatment
	Endovascular Treatment
	Pregnancy in Patients with Type IV  Ehlers-Danlos Syndrome

	Loeys-Dietz Syndrome
	Epidemiology
	Pathogenesis
	Clinical Evaluation
	Common Manifestations
	Differential Diagnosis

	Selection of Treatment
	Medical Treatment
	Surgical Treatment

	Familial Thoracic Aortic Aneurysm  and Dissection
	Pathogenesis
	Clinical Manifestations
	Selection of Treatment

	Selected Key References
	References


	Chapter 144
	144 Renovascular Disease:
	Historical Background
	Epidemiology
	Prevalence of Anatomic Renal Artery Disease
	Independent-Living Elderly
	Autopsy Series

	Prevalence of Renal Artery Stenosis  in High-Risk Populations
	Atherosclerotic Coronary Artery and Peripheral Arterial Disease
	Renal Insufficiency
	Hypertension

	Natural History of Renal Artery Stenosis
	Anatomic Progression
	Functional Progression
	Morbidity


	Pathogenesis
	Etiology of Renal Artery Lesions
	Pathophysiology of Renovascular Hypertension
	Pathophysiology of Ischemic Nephropathy

	Clinical Presentation
	History and Physical Examination
	Laboratory Findings

	Diagnostic Evaluation
	Noninvasive Imaging
	Duplex Ultrasonography
	Computed Tomographic Angiography
	Magnetic Resonance Angiography

	Invasive Imaging
	Digital Subtraction Angiography

	Functional Studies
	Radionuclide Renography
	Renal Vein Renin Assays


	Treatment Selection
	Medical Management of Renovascular Disease
	Risk Factor Modification
	Blood Pressure Control
	Hyperlipidemia

	Surgical Management
	Open Repair
	Endovascular Repair


	Selected Key References
	References


	Chapter 145
	145 Renovascular Disease:
	Indications for Surgical Repair
	Open Operative Strategy

	Management Options
	Preoperative Preparation
	Mobilization and Dissection
	Midline Exposure
	Flank Exposure


	Direct Surgical Techniques
	Aortorenal Bypass
	Thromboendarterectomy

	Renal Artery Reimplantation

	Indirect Surgical Techniques
	Splanchnorenal Bypass
	Hepatorenal Bypass
	Splenorenal Bypass
	Ex Vivo Reconstruction

	Intraoperative Assessment
	Intraoperative Duplex Sonography

	Results of Open Operative Management
	Anatomic Results
	Operative Morbidity and Mortality
	Blood Pressure Response
	Renal Function Response
	Hypertension and Renal Function Benefit:  Clinical Outcome
	Consequence of Failed Open Renal Artery Repair

	Selected Key References
	References


	Chapter 146
	146 Renovascular Disease:
	Indications and Contraindications
	Indications
	Contraindications

	Results
	Definitions of Success
	Early Outcomes
	Late Outcomes
	Hypertension Response
	Renal Function Response
	Renal Artery Restenosis after Intervention

	Survival

	Description of Technique
	Relevant Anatomy
	Operative Planning and Options
	Contrast Considerations
	Medical Management
	Primary Angioplasty versus Angioplasty  and Stenting
	Bilateral Atherosclerotic Renovascular Disease

	Access
	Angioplasty and Stenting
	Embolic Protection
	Postoperative Management

	Complications
	Selected Key References
	References


	Chapter 147
	147 Renovascular Disease:
	Epidemiology
	Pathogenesis
	Etiology
	Differential Diagnosis
	Pathology
	Classification
	Pathophysiology

	Natural History
	Clinical Presentation
	History and Physical Examination
	Screening for Secondary Hypertension

	Diagnostic Evaluation
	Treatment Selection
	Medical Treatment
	Prevention
	Medication

	Endovascular Treatment in Adults
	Technical Considerations
	Stenting
	Procedure-Related Complications
	Early Outcome
	Late Outcome

	Surgical Treatment
	Patient Selection
	Techniques
	Aortorenal Bypass
	Autotransplantation

	Results of Open Surgery
	Complications of Open Surgery

	Fibromuscular Dysplasia and Aneurysm
	Pediatric Renal Artery Stenosis and Arterial Dysplasia
	Endovascular Treatment in Children
	Open Surgery for Pediatric  Renovascular Hypertension

	Selected Key References
	References


	Chapter 148
	148 Renovascular Disease:
	Renal Artery Aneurysms
	Epidemiology
	Pathogenesis
	True Aneurysms
	False Aneurysms (Pseudoaneurysms)
	Dissections
	Intrarenal Aneurysms

	Clinical Manifestations and Diagnosis
	Indications for Intervention
	Rupture and Prevention of Rupture
	Hypertension
	Dissection
	Other Clinical Manifestations

	Treatment: Medical, Endovascular, Surgical
	Repair of a Ruptured Renal Artery Aneurysm
	Elective Repair of Renal Artery Aneurysm
	Fibromuscular Dysplasia
	Intrarenal Aneurysms


	Renal Arteriovenous Malformations and Fistulae
	Epidemiology and Pathogenesis
	Congenital Arteriovenous Malformations
	Acquired Arteriovenous Fistulae

	Clinical Presentation
	Diagnosis
	Treatment: Medical, Surgical, Endovascular

	Selected Key References
	References


	Chapter 149
	149 Renovascular Disease:
	Pathophysiology
	Baseline Kidney Function
	Duration of Ischemia
	Gradual versus Acute Renal Occlusion

	Renal Vein Thrombosis

	Clinical Presentation
	Diagnostic Evaluation
	Laboratory Tests
	Imaging Tests
	Computed Tomography
	Magnetic Resonance
	Ultrasound
	Nuclear Renal Scan
	Angiography


	Renal Artery Embolism
	Epidemiology
	Treatment
	Endovascular Treatment
	Open Surgery


	Renal Artery Thrombosis
	Epidemiology
	Treatment
	Endovascular Treatment
	Open Surgery


	Renovascular Trauma
	Epidemiology
	Treatment
	Results


	Renal Vein Thrombosis
	Epidemiology
	Treatment
	Anticoagulation
	Thrombectomy


	Selected Key References
	References


	Chapter 150
	150 Renovascular and Aortic Developmental Disorders
	Developmental Abdominal Aortic Coarctation and Hypoplasia
	Classification
	Etiology and Pathogenesis
	Embryonic

	Associated Genetic Syndromes  and Infectious-Inflammatory Disorders

	Developmental Renal and Splanchnic Arterial Stenoses
	Clinical Manifestations
	Definition of Hypertension in Children

	Diagnostic Evaluation
	Medical Management
	Antihypertensive Drug Treatment

	Surgical Treatment
	Patch Aortoplasty
	Thoracoabdominal Bypass
	Renal Artery Repair
	Splanchnic Artery Repair

	Endovascular Treatment
	Selected Key References
	References


	Chapter 151
	151 Mesenteric Vascular Disease:
	Anatomy of the Visceral Arteries
	Physiology of Splanchnic Blood Flow
	Epidemiology
	Pathophysiology
	Chronic Mesenteric Ischemia
	Acute Mesenteric Ischemia
	Embolism
	Arterial Thrombosis

	Nonocclusive Mesenteric Ischemia
	Mesenteric Venous Thrombosis

	Clinical Presentation
	Acute Mesenteric Ischemia
	Chronic Mesenteric Ischemia

	Diagnostic Evaluation
	Noninvasive Evaluation
	Invasive Evaluation

	Treatment of Acute and Chronic Mesenteric Ischemia
	Medical Treatment
	Endovascular Treatment
	General Principles
	Efficacy
	Acute Mesenteric Ischemia.
	Chronic Mesenteric Ischemia.

	Retrograde Mesenteric Stenting
	Limitations
	Recommendations

	Surgical Treatment
	General Considerations
	Acute Mesenteric Ischemia
	SMA Embolectomy.

	Chronic Mesenteric Ischemia
	Transaortic Endarterectomy.
	Antegrade Mesenteric Bypass.
	Retrograde Mesenteric Bypass.

	Outcomes of Open Repair
	Acute Mesenteric Ischemia.
	Chronic Mesenteric Ischemia.



	Treatment of Nonocclusive  Mesenteric Ischemia
	Treatment of Mesenteric  Venous Thrombosis
	Selected Key References
	References


	Chapter 152
	152 Mesenteric Vascular Disease:
	Background
	Incidence
	Pathophysiology
	Etiology
	Natural History

	Diagnostic Evaluation
	Clinical Presentation
	Diagnostic Tests
	Mesenteric Duplex Ultrasound
	Multidetector Computed Tomography and Magnetic Resonance Angiography
	Contrast Arteriography
	Endoscopy
	Gastric Tonometry
	Oxygen Light Spectroscopy


	Treatment Strategies
	Indications for Revascularization
	Choice of Open versus Endovascular Revascularization

	Revascularization Techniques and Periprocedural Management
	Endovascular Revascularization
	Preprocedure Evaluation
	Diagnostic Mesenteric Angiography.

	Principles
	Technique
	Recanalization of Mesenteric Occlusions.
	Adjunctive Techniques.

	Complications
	Postprocedure Management

	Open Revascularization
	Principles
	Preoperative Evaluation
	Techniques
	Antegrade Supraceliac Aorta to Celiac and SMA Bypass.
	Retrograde Iliac Artery or Infrarenal Aorta to SMA Bypass.
	Retrograde Hybrid Revascularization.
	Transaortic Mesenteric Endarterectomy.

	Intraoperative Duplex Ultrasound Monitoring
	Complications
	Postoperative Management


	Results
	Comparative Results of Open and  Endovascular Revascularization
	Morbidity and Mortality
	Symptom Relief
	Restenosis, Symptom Recurrence,  and Reintervention
	Patient Survival
	Re-Interventions for In-Stent Stenosis
	Remedial Procedures for Failed Open  Mesenteric Reconstructions

	Other Considerations
	Mesenteric Infarction
	Median Arcuate Ligament Syndrome
	Mesenteric Reconstruction Combined  with Aortic Reconstruction
	Nonatherosclerotic Mesenteric Artery Disease
	Aortic and Visceral Artery Dissections

	Selected Key References
	References


	Chapter 153
	153 Mesenteric Vascular Disease:
	Incidence and Risk Factors
	Pathophysiologic Classification
	Arterial Embolism
	Arterial Thrombosis
	Nonocclusive Mesenteric Ischemia

	Final Common Pathway  of Bowel Ischemia
	Diagnostic Evaluation
	Clinical Presentation
	Laboratory Evaluation
	Diagnostic Imaging
	Abdominal Plain Radiography
	Duplex Ultrasonography
	Computed Tomography
	Arteriography
	Magnetic Resonance Angiography

	Diagnostic Laparoscopy

	Treatment
	Initial Resuscitation and Critical Care
	Treatment of Nonocclusive Mesenteric Ischemia
	Surgical Treatment
	Superior Mesenteric Artery Embolectomy
	Superior Mesenteric Artery Bypass
	Assessment of Bowel Viability

	Endovascular Treatment
	Superior Mesenteric Artery Embolization
	Superior Mesenteric Artery Thrombosis

	Hybrid Procedure: Retrograde Open  Mesenteric Stenting

	Other Considerations
	Visceral Dissection
	Acute Aortic Dissection
	Spontaneous Visceral Dissection

	Second-Look Surgery
	Intraoperative Vasodilators
	Duplex Follow-Up

	Selected Key References
	References


	Chapter 154
	154 Mesenteric Vascular Disease:
	Epidemiology
	Pathogenesis
	Etiology
	Risk Factors

	Natural History
	Pathology and Manifestations
	Diagnosis
	Recognition by History and Physical Examination
	Laboratory Testing
	Noninvasive and Invasive Testing

	Treatment and Results
	Medical Treatment
	Endovascular Treatment
	Surgical Treatment

	Selected Key References
	References


	Chapter 155
	155 Vascular Trauma:
	Historical Epidemiology and Evolution
	Current Epidemiology  of Vascular Injury
	Mechanism of Injury, Ballistics,  and Biomechanics
	Vascular Injury Classification  and Scoring
	Epidemiology, Clinical Presentation, and Diagnosis of Vascular Injury
	Head, Face, and Neck
	Torso
	Noncompressible Truncal Hemorrhage
	Thoracic
	Abdomen and Pelvis

	Extremity
	Diagnostic Imaging Studies

	Epidemiology and Natural History  of Specific Vascular Injuries
	Neck
	Carotid Artery
	Vertebral Artery

	Chest
	Thoracic Aorta
	Great Vessels
	Axillosubclavian Vessels

	Abdomen
	Abdominal Aorta (Zone 1)
	Inferior Vena Cava (Zone 1)
	Celiac and Mesenteric Vessels (Zone 1)
	Renal Vessels (Zone 2)
	Iliac Vessels (Zone 3)
	Hepatoportal Vessels (Zone 4)

	Upper Extremity
	Brachial Artery
	Radial or Ulnar Artery

	Lower Extremity
	Femoropopliteal Vessels
	Tibioperoneal Vessels


	Changing Patterns of Experience and Expertise in Vascular Trauma
	Selected Key References
	References


	Chapter 156
	156 Vascular Trauma:
	Carotid Arteries
	Penetrating Injury
	Clinical Presentation
	Diagnostic Evaluation
	Medical Treatment (Nonoperative Management)
	Endovascular Treatment
	Surgical Treatment
	Proximal and Distal Control in the Neck.
	Surgical Repair of Cervical Vessels.


	Blunt Cerebrovascular Injuries
	Clinical Presentation
	Mechanism of BCVI.
	Signs and Symptoms of BCVI.
	Screening for BCVI.

	Diagnostic Evaluation
	Duplex Ultrasound.
	Digital Subtraction Angiography.
	Computed Tomographic Angiography.
	Magnetic Resonance Angiography.

	Medical Treatment
	Endovascular Treatment
	Surgical Treatment


	Vertebral Arteries
	Clinical Presentation
	Diagnostic Evaluation
	Medical Treatment
	Endovascular Treatment
	Surgical Treatment

	Subclavian Artery
	Clinical Presentation
	Diagnostic Evaluation
	Medical Treatment
	Endovascular Treatment
	Surgical Treatment

	Cervical Venous Injuries
	Clinical Presentation
	Diagnostic Evaluation
	Endovascular Treatment
	Surgical Treatment

	Selected Key References
	References


	Chapter 157
	157 Vascular Trauma:
	Diagnostic Studies
	Chest Radiograph
	Computed Tomographic Angiography
	Intravascular Ultrasound
	Angiography
	Transesophageal Echocardiography
	Magnetic Resonance Imaging

	Blunt Thoracic Aortic Injury
	Incidence
	Pathology
	Pathogenesis
	Clinical Presentation
	Diagnosis
	Management
	Medical Management
	Thoracic Endovascular Aortic Repair
	Open Repair
	Left Atrium-to-Femoral Artery Bypass.
	Femoral Artery-to-Femoral Vein Bypass.



	Results
	Medical Management
	Thoracic Endovascular Stent-Graft Repair
	Open Repair

	Chronic Traumatic Aortic Aneurysm
	Nonischemic Aortic and  Arterial Laceration
	Ascending Aorta and Transverse Arch
	Innominate Artery
	Left Common Carotid Artery
	Subclavian Vessels

	Pulmonary Vascular Injury
	Vena Cava Injury
	Selected Key References
	References


	Chapter 158
	158 Vascular Trauma:
	Surgical Anatomy
	Epidemiology
	Clinical Presentation
	Diagnostic Evaluation
	Treatment
	Prehospital Treatment
	Emergency Department Treatment
	Surgical Treatment
	General Principles
	Retroperitoneal Hematoma

	Damage Control Procedures
	Endovascular Techniques
	Abdominal Compartment Syndrome

	Specific Vascular Injuries
	Abdominal Aorta Injuries
	Anatomy
	Mechanism of Injury
	Clinical Presentation
	Management
	Endovascular Treatment.
	Surgical Treatment.

	Mortality

	Celiac Artery Injuries
	Anatomy
	Mechanism of Injury
	Surgical Treatment
	Mortality

	Superior Mesenteric Artery Injuries
	Anatomy
	Mechanism of Injury
	Clinical Presentation
	Surgical Treatment
	Exposure.
	Operative Management.
	Postoperative Considerations.

	Mortality

	Renovascular Injuries
	Anatomy
	Mechanism of Injury
	Clinical Presentation
	Endovascular Treatment
	Surgical Treatment
	Revascularization.
	Surgical Reconstruction.
	Venous Injuries.

	Mortality

	Inferior Mesenteric Artery Injuries
	Anatomy
	Mechanism of Injury
	Surgical Treatment

	Iliac Vascular Injuries
	Anatomy
	Mechanism of Injury
	Clinical Presentation
	Endovascular Treatment
	Surgical Treatment
	Exposure.
	Arterial Injuries.
	Venous Injuries.
	Compartment Syndrome.

	Mortality

	Inferior Vena Cava Injuries
	Anatomy
	Mechanism of Injury
	Clinical Presentation
	Surgical Exposure
	Hepatic Vascular Isolation.
	Atriocaval Shunt.
	Division of the Liver.

	Surgical Options
	Mortality

	Portal Vein System Injuries
	Anatomy
	Mechanism of Injury
	Clinical Presentation
	Surgical Treatment
	Mortality


	Advances in the Management  of Abdominal Vascular Injuries
	Selected Key References
	References


	Chapter 159
	159 Vascular Trauma:
	Epidemiology and Pattern of Injury
	Mortality
	Amputation
	Location of Injury
	Associated Tissue Injuries

	Diagnosis and Workup
	Physical Examination and Doppler Indices
	Computed Tomographic Angiography
	Duplex Ultrasonography

	Treatment Principles
	Nonoperative Management
	Endovascular Therapy
	Open Surgical Management
	Temporary Shunting
	Venous Repair versus Ligation

	Specific Arterial Injuries
	Axillary Artery
	Mechanism and Pattern
	Diagnostic Considerations
	Surgical Considerations

	Brachial Artery
	Mechanism and Pattern
	Diagnostic Considerations
	Surgical Considerations

	Radial and Ulnar Arteries
	Mechanism and Pattern
	Diagnostic Considerations
	Surgical Considerations

	Femoral Arteries
	Mechanism and Pattern
	Diagnostic Considerations
	Surgical Considerations

	Popliteal Artery
	Mechanism and Pattern
	Diagnostic Considerations
	Surgical Considerations

	Tibial Arteries
	Mechanism and Pattern
	Diagnostic Considerations
	Surgical Considerations


	Other Considerations
	Pediatric Extremity Vascular Injury
	Compartment Syndrome and Fasciotomy
	Vascular Injury in the Mangled Extremity
	Intra-arterial Drug Injection
	Extremity Frostbite

	Selected Key References
	References


	Chapter 160
	160 Vascular Trauma:
	Historic Advances Through  Military Conflict
	World War II
	Korean War
	Vietnam War
	Global War on Terror

	Epidemiology
	Rates of Wartime Vascular Injury
	Demographics
	Anatomic Patterns
	Mechanism of Injury

	Levels of Care
	Level I
	Level II
	Level III
	Level IV
	Level V

	Clinical Presentation
	Diagnostic Evaluation
	Clinical Findings
	Doppler Indices
	Computed Tomographic Angiography
	Arteriography

	Triage
	Hemorrhage Control: Initial Triage
	Post-Hemorrhage Control: Re-triage
	Category I: Isolated Vascular Injury
	Category II: Vascular Injury in Conjunction with Other Non–Life-Threatening Injuries
	Category III: Multiple Vascular Injuries
	Category IV: Vascular Injury in Conjunction with Life-Threatening Injuries, Including Severe Shock


	Management
	Resuscitation and Surgical Planning
	Operating Room Considerations
	Surgical Treatment
	Methods of Repair
	Temporary Vascular Shunts
	Associated Soft Tissue Injuries
	Limb Salvage versus Early Amputation
	Upper Extremity Vascular Injury
	Extremity Venous Repair

	Endovascular Treatment

	Postoperative Care
	Evacuation
	Selected Key References
	References


	Chapter 161
	161 Acute Ischemia:
	Etiology and Pathology
	Embolism
	Cardiac Embolism
	Atrial and Ventricular.
	Paradoxical.
	Endocarditis.
	Cardiac Tumor.

	Noncardiac Embolism
	Atheroembolism.
	Aortic Mural Thrombi.


	Thrombosis
	Atherosclerotic Obstruction
	Hypercoagulable States
	Vasospasm
	Aortic or Arterial Dissection
	Bypass Graft Occlusion


	Clinical Presentation
	Clinical Assessment
	History
	Physical Findings

	Classification of Acute Limb Ischemia
	Diagnosis
	Aortic Occlusion
	Iliac Occlusion
	Femoropopliteal Occlusion
	Popliteal and Infrapopliteal Occlusion

	Investigation
	Computed Tomographic Angiography
	Ultrasound
	Transfemoral Arteriography
	Magnetic Resonance Angiography
	Echocardiography

	Initial Management
	Anticoagulation
	Ancillary Supportive Measures

	Treatment
	Options
	Anticoagulation
	Operative Intervention
	Endovascular Intervention

	Selection
	Acute Critical Ischemia
	Acute Subcritical Ischemia


	Prognosis
	Upper Limb Ischemia
	Selected Key References
	References


	Chapter 162
	162 Acute Ischemia:
	Initial Management
	Anticoagulation and Supportive Measures

	Treatment Selection
	Endovascular Treatment
	Catheter-Directed Thrombolysis
	Technique
	Results
	Complications
	Pharmacomechanical Thrombectomy
	Trellis Catheter.
	EKOS EndoWave System.
	Microbubble Technology.


	Percutaneous Mechanical Thrombectomy
	AngioJet.
	Hydrodynamic Devices
	Rotational Devices
	Thrombus Aspiration Devices
	Results
	Complications


	Surgical Revascularization
	Techniques
	Balloon Catheter Thrombectomy or Embolectomy
	Bypass Procedures
	Endarterectomy

	Results

	Special Considerations
	Myoglobinuria
	Fasciotomy
	Pediatric Population

	Upper Limb Ischemia
	Selected Key References
	References


	Chapter 163
	163 Compartment Syndrome
	Pathogenesis of Compartment Syndrome
	Local Hemodynamics of Compartment Syndrome
	Compartment Pressures
	Critical Closing Pressure
	Absolute ICP Threshold
	Dynamic ICP Threshold


	Clinical Etiologies
	Vascular Causes
	Ischemia-Reperfusion
	Trauma
	Venous Outflow Obstruction
	Hemorrhage

	Nonvascular Etiologies
	Fracture
	Crush Injury
	Iatrogenic
	Secondary Compartment Syndrome


	Clinical Presentation
	History and Examination
	Measurement of Compartment Pressures
	Technique
	Alternative Objective Techniques

	Unusual Presentations for  Compartment Syndrome

	Adjunctive Measures
	Prevention of Compartment Syndrome
	Prevention of Systemic Sequelae

	Fasciotomy
	Criteria for Fasciotomy
	Clinical Criteria
	ICP Measurements
	Contraindications to Fasciotomy


	Technique of Fasciotomy
	Lower Extremity Technique
	Lower Leg
	Anatomic Considerations.
	Skin Incisions.
	Double-Incision Technique.
	Single-Incision Technique.

	Thigh
	Buttock
	Foot

	Upper Extremity
	Forearm
	Hand


	Fasciotomy Wound Management
	Outcomes
	Early Outcomes
	Late Outcomes
	Sequelae of Missed Compartment Syndrome

	Chronic Exertional  Compartment Syndrome
	Clinical Presentation and Diagnosis
	Fasciotomy for Chronic Exertional  Compartment Syndrome
	Outcomes

	Selected Key References
	References


	Chapter 164
	164 Atheromatous Embolization
	Incidence
	Pathogenesis
	Risk Factors and Simple  Preventive Strategies
	Coronary Interventions
	Aortography
	Endovascular Therapy
	Vascular Surgery
	Cardiac Surgery
	Anticoagulation
	Thrombolysis

	Clinical Features
	Epidemiology
	Clinical Findings
	Cutaneous Manifestations
	Livedo Reticularis.
	Blue Toe Syndrome.
	Other Skin Manifestations.

	Renal Involvement
	Incidence.
	Pathology.
	Clinical Features.
	Prognosis.

	Gastrointestinal Involvement
	Incidence.
	Clinical Features.
	Prognosis.

	Central Nervous System and Eye Involvement
	Retinal.
	Cerebral.

	Other Areas


	Diagnosis
	Laboratory Tests
	Imaging Modalities

	Differential Diagnosis
	Treatment
	Medical Therapy
	Surgical and Endovascular Therapy
	Surgical Therapy
	Endovascular Therapy
	Pain Control


	Outcome
	Special Considerations
	Atheroembolism Arising from the Thoracic Aorta
	Epidemiology
	Risk Profile
	Treatment


	Selected Key References
	References


	Common Abbreviations
	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Z


