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Foreword

Vascular disease is one of the most challenging medical problems that we treat. It is 
not the interventions. The concepts behind these are quite simple. If a blockage is 
present, bypass around it or use a balloon to push it aside. Or if an artery is too large 
or aneurysmal, replace it or place a sleeve through its lumen. It is the judgments that 
make the specialty of vascular medicine and surgery challenging. And why are these 
judgments so difficult? For the most part, because vascular patients are elderly, frail, 
and plagued with comorbid conditions. I have often envied those who treat young 
and or middle-aged patients, for these individuals recover quickly, tolerate misad-
venture, and rarely have complications. Then, there is the elderly patient with vascu-
lar disease…

There have been very few attempts to create a compendium of knowledge regard-
ing vascular disease in the elderly, and there is none that is contemporary. The need 
is great in that much has been learned in recent years, all essential knowledge for 
practitioners caring for these individuals. It is not surprising that Rabih Chaer would 
be the editor. Rabih is one of the nation’s leading vascular surgeons with expertise 
and research penetration in almost every aspect of vascular disease. Rabih’s work is 
characterized by an unparalleled level of comprehensiveness and accuracy. This is 
readily evident as one reads through Vascular Disease in Older Adults. Moreover, 
Rabih has recruited a superb lineup of experts; the chapters are written by individu-
als (with expertise in all aspects of vascular disease) who have published the defini-
tive treatises on vascular disease in the elderly.

Over the past 20 years, treatments for vascular disease have evolved significantly. 
Options include no intervention, medical management, a minimally invasive alter-
native, or maximally invasive surgery. And not surprisingly, each of these choices is 
associated with advantages and disadvantages. Increasingly, we have learned that 
many patients with vascular disease benefit from either no intervention or medical 
treatment. Statins have stabilized carotid plaque, claudication will often improve on 
its own or the symptoms are overtaken by generalized arthritis, and small aneu-
rysms rarely rupture. As minimally invasive interventions have evolved, this tech-
nology has become more refined, the results are improved, and they have greatly 
benefited our elderly patients. In terms of durability, traditional surgery for most 
vascular diseases remains the gold standard and in select patients it is the interven-
tion of choice. The art of treating elderly patients with vascular disease is choosing 
which option should be used and when? The decisions are not easy, but when well 



viii

made, the outcome can be extremely rewarding for the practitioner and the patient 
alike. These choices need to be individualized: each patient has their own story and 
particularly in the elderly, each story is different. The patient’s social circumstances, 
morbidity, philosophy on life, and longevity are as important as their symptoms and 
anatomy. Although I have suggested that treating elderly patients with vascular dis-
ease is an art, there is also available a great deal of science accompanied by data, 
experience, and clinical studies. We now have access to a great deal of information 
about who to treat, how, and when. And of course all of this science can be found 
within the chapters of Vascular Disease in Older Adults.

If elderly vascular patients compose the majority of your practice, this book is a 
must read. For the occasional patient with a specific problem, the chapters are con-
cise and advice can easily be found. Dr. Chaer is to be commended for his efforts to 
create a textbook that, if well used, has the potential to improve the lives and out-
comes of thousands of elderly patients afflicted with this devastating disease. I hope 
you enjoy the read!

Ohio State University K. Craig Kent

Foreword
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This textbook is intended to be a valuable resource to all medical and surgical spe-
cialties who manage elderly patients with vascular disease. Vascular surgery and 
vascular interventions have evolved tremendously over the last decade. The ongoing 
addition and refinement of surgical and minimally invasive endovascular tech-
niques, as well as medical therapy, has made it safer for the elderly patients to get 
vascular care. As such, we believe it should be seldom the case nowadays to deny 
vascular care for the elderly patients based on chronological age. In addition, 
patient-centered interventions that can combine a hybrid approach of surgery, mini-
mally invasive techniques, and medical therapy, can allow the geriatric patient to 
function and recover optimally even in the setting of multiple medical 
comorbidities.

Specific attention to the geriatric patients with vascular pathology is a must for 
multiple reasons. Not only can they present with more advanced vascular disease, 
but they can also be frail due to multiple other comorbidities. We recognize that 
optimization of their care starts preoperatively with coordination of care with their 
geriatrician, and possibly other specialties such as cardiology, pulmonary medicine, 
and endocrinology. In addition, obtaining a preoperative anesthesia consultation can 
allow the formulation of a proper anesthetic plan that can minimize side effects and 
complications. The perioperative care of the geriatric patients with vascular pathol-
ogy can also be very intricate, as their recovery and quality of life will depend on 
their hospital stay, rehabilitation process, and eventual return to their social support 
system. To that effect, difficult ethical decisions have to be sometimes made, start-
ing with the decision to offer care or deny it, and during recovery if the course does 
not go as planned.

This textbook provides a summary of different pathologies divided by vascular 
bed: aneurysm disease, cerebrovascular disease, peripheral vascular disease, renal 
failure, and venous disease. It aims at describing the pathophysiology of the disease 
process, as well as the decision making that goes into establishing a plan for vascu-
lar care, taking into account the extent of the pathology, the patient’s frailty, and 
quality of life. The goals of care can therefore change and can be individualized 
based on the specific clinical presentation, as well as the patients’ and their families’ 
wishes.

We are proud to have rallied experts in the field to address the management of 
different vascular disease processes, including perioperative care, cutting-edge 

Introduction
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state-of-the-art vascular surgical and endovascular interventions, as well as ethical 
decision making. This book is a collaborative effort and does bring together multi-
ple surgical and medical specialties, which is what is needed for the optimal care of 
the elderly patient with vascular disease.

Introduction
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1Screening for Vascular Pathology: 
Current Guidelines 
and Recommendations

Jon G. Quatromoni and Grace J. Wang

1.1  Abdominal Aortic Aneurysm

Abdominal Aortic Aneurysms (AAAs) represent a significant vascular health prob-
lem. In the United States alone, an estimated 1.5 million people have AAAs, with 
200,000 more diagnosed each year, and associated with at least 15,000 annual 
deaths [1, 2]. AAAs account for 4–5% of sudden deaths and represent the 13th most 
common cause of death overall [3]. An aneurysm is defined as an abnormal focal 
dilation of a blood vessel where the minimum diameter exceeds 3.0 cm in any per-
pendicular plane; this generally accepted threshold equates to 1.5 times the normal 
juxta-renal diameter [4]. As aneurysms grow, the vessel wall weakens, increasing 
the risk of rupture. AAA rupture is a life-threatening event with a high mortality rate 
due to the rapidity with which exsanguination occurs, often prior to the patient 
arriving at a medical facility for treatment. Thus, there is a rationale for screening to 
diagnose AAA and institute measures to reduce the growth of the aneurysm, as well 
as to stratify those who may need surgical treatment.

The benefit of treating AAAs electively is significant. An 80% improvement in 
mortality has been ascribed to elective AAA repair compared to emergent repair of 
a ruptured AAA (<5% vs. 80–90%, respectively) [5]; thus, the most effective 
method of reducing AAA-related mortality at the present time is early identification 
and elective repair. However, identifying only those patients who would most ben-
efit from elective repair while at the same time limiting over-diagnosis and over- 
treatment is challenging, as any systematic program would uncover many previously 
undiagnosed AAAs that are unlikely to rupture. Thus, clear criteria for the popula-
tion eligible for screening and the clinical handling of AAAs of all sizes need to be 
established and rigorously maintained. Unfortunately, there is no universal set of 
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guidelines set forth by which all practitioners abide; rather, multiple partially con-
flicting recommendations exist which confuse what should be a unified societal 
approach. This section of the chapter investigates the different published screening 
guidelines and the evidence upon which their recommendations are made.

1.1.1  Overview of Screening Guidelines

Multiple societies and governmental agencies have published AAA screening 
guidelines (Table 1.1). The major societies’, and others’, guidelines have been sys-
tematically reviewed elsewhere [6]. The most significant domestic sources include 
the United States Preventive Services Task Force (USPSTF), the American College 
of Cardiology/American Heart Association (ACC/AHA), the American College of 
Preventive Medicine (ACPM), and the Society for Vascular Surgery (SVS). 
Internationally, prominent groups include the Canadian and European Societies for 
Vascular Surgery (CSVS and ESVS, respectively) and the UK’s National Health 
Service (NHS). While the NHS also serves as the main health insurance payer for 
eligible patients in the UK, Medicare covers most of the eligible patients in the 

Table 1.1 Summary of AAA screening recommendations by organization

Men <65 Men 65–75 Women 65–75

Positive risk 
factors

Ever- 
smoker Never-smoker Ever-smoker Never- smoker

USPSTF Not 
addressed

Screen 
once

Selectively 
screen based 
on RFs

No recommendation Do not screen

ACC/AHA Screen once 
after age 60 
if (+) FHx in 
1° relative

Screen 
once

Screen once 
if (+) FHx in 
1° relative

Do not screen Do not screen

SVS Screen once 
after age 55 
if (+) FHx

Screen 
once

Screen once Screen once Screen once if 
(+) FHx

ACPM Not 
addressed

Screen 
once

Not addressed Do not screen Do not screen

NHS Not 
addressed

Screen 
once

Screen once Do not screen Do not screen

CSVS Do not 
screen

Screen 
once

Screen once Screen once Screen once if 
(+) multiple 
RFs, i.e., 
CardioVascular 
Disease (CVD) 
or (+) FHx

ESVS Consider 
screening if 
(+) RFs

Screen 
once

Screen once No recommendation Maybe screen 
with a (+) FHx

FHx family history, N/A not available, RFs risk factors

J.G. Quatromoni and G.J. Wang
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United States under a recent piece of legislation entitled the Screening Abdominal 
Aortic Aneurysms Very Efficiently (SAAAVE) Act, reviewed later in the chapter.

While differences in self-interests and audience exist between these bodies, the 
recommendations are generally concordant regarding populations for which strong 
supporting data exists [6]. The guidelines with the most influence in the United 
States are those of the USPSTF [7], which recommend one-time screening for AAA 
by ultrasonography in men aged 65–75 years who have ever smoked. It makes no 
definitive recommendation for or against screening in men aged 65–75 years who 
have never smoked, but endorses selective screening based on individual patient risk 
factors including their past medical and family history. It recommends against the 
routine screening for AAA in women who have never smoked and repeat screening 
in men who have had a negative ultrasound. Lastly, it makes no definitive statement 
regarding routine screening in women aged 65–75 years who have ever smoked 
because of “insufficient evidence” [7]. This current USPSTF recommendation on 
screening in the female population is an update from the 2005 guidelines, in which 
the USPSTF recommended against screening in all women regardless of smoking 
history [7]. The ACPM and the ACC/AHA agree with the USPSTF’s screening 
recommendation for men aged 65–75 who have ever smoked [4, 8]. However, the 
ACC/AHA deviate from the USPSTF guidelines by including a recommendation 
for screening in men over the age of 60 who have a family history of AAA in a first- 
degree relative [4]. Furthermore, neither group recommends screening in never- 
smoker men without a family history and in women altogether.

The original ACC/AHA guidelines were published in conjunction with the SVS; 
however, the SVS issued updated guidelines in 2009 that increased the pool of eligible 
recipients [9]. First, it recommended screening for all men older than 65, regardless of 
smoking history. Second, it recommended earlier screening at age 55 with a positive 
family history. Lastly, it definitively addressed the issue of screening in the female 
population with a recommendation in direct opposition to the USPSTF and ACC/
AHA. While data from numerous sources suggests that the prevalence of AAAs in 
women is lower [10, 11], the SVS recommended screening for women older than 65 
who have ever smoked or have a positive family history, with the rationale that women 
have both higher rates of rupture and longer expected lifespans [9, 11–15].

Internationally, the NHS recommends a screening ultrasound for all men at the 
age of 65, regardless of smoking history [16]. In fact, the NHS recently launched a 
screening program with the goal of reducing deaths from ruptured AAAs in men 
over 65 by 50%. It recommends against the screening of women, stating that 
“screening is inefficient” for this population. The CSVS and the ESVS largely agree 
with the SVS’s recommendations [17, 18]. Both these organizations support screen-
ing in all men aged 65–75, but they both have slightly different recommendations 
regarding women and men aged 55–65. The CSVS, in individualized cases, recom-
mends screening for women over the age of 65 who have multiple risk factors; fur-
thermore, it recommends against screening in men under the age of 65 regardless of 
risk factors. The ESVS agrees with the SVS on screening in the slightly younger 
male population with risk factors; however, it does not make a definitive statement 
about screening in women, stating that “screening in women who smoke may 
require further investigation” and screening of older women having a family history 
of AAA “might be recommended”.

1 Screening for Vascular Pathology: Current Guidelines and Recommendations
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1.1.2  Risk Factors for AAA

The most widely accepted risk factors that have been cited for AAA include male 
sex, older age, and smoking [19]. Population-based studies in adults older than 50 
have consistently reported a higher prevalence of AAAs in men versus women. A 
recent study reported prevalence of 3.9–7.2% in men and 1.0–1.3% in women [19]. 
Most AAAs found in the population occurred in individuals over the age of 60, 
with a total prevalence of 4–9% [20, 21]. One cohort study demonstrated a 4.5-fold 
increase in the relative risk of AAA for males over 65 compared to those under 55 
[22]. However, the majority of these aneurysms were small, with diameters less 
than 3.5 cm, and likely not clinically important during the patients’ lifetime. More 
clinically important aneurysms over 4.0 cm exist in 1% of men between 55 and 
64 years old, with incremental increases by 2–4% per decade thereafter [23]. 
Smoking is the most important risk factor , estimated to cause 75% of all AAAs 
over 4.0 cm and increasing risk of AAA by a factor of six [20, 24]. Other risk fac-
tors include positive family history, prior AAA, Caucasian or Native American 
ethnicity, cardiovascular disease, Hypertension (HTN), obesity, and aneurysms of 
the femoral or popliteal arteries [20, 22, 25, 26].

1.1.3  Natural History and Rationale for Screening for AAA

The natural history of AAAs is important to consider when establishing screening 
guidelines, as the risk for rupture and the expansion help determine surgical and 
surveillance planning. By projecting AAA growth curves, it is possible to estimate 
when the rupture risk is high and to intervene beforehand, as the case-fatality rate 
is 50% when surgery is performed emergently on the 40% of patients who even 
make it to the hospital [5, 27]. In contrast, the perioperative mortality from elective 
repair is reported to be 1–5%, and is largely dependent on patient comorbidities 
and the type of repair [3]. Fortunately, men without AAA by age 65 are unlikely 
(only about ~1%) to develop a new aneurysm over the course of the subsequent 
5 years [28]. When aneurysms develop, however, larger aneurysms tend to grow 
faster than smaller aneurysms due to the increase in wall tension according to 
LaPlace’s law. According to one systematic review, for each 0.5 cm increase in 
AAA diameter, growth rates increased on average by 0.59 mm per year and rupture 
rates by a factor of 1.91 [29]. Aneurysms less than 4.0 cm in transverse diameter 
have a very low (~0%) annual risk of rupture, with an exponential increase in risk 
thereafter: 4.0–4.9 cm (0.5–5%), 5–5.9 cm (3–15%), 6–6.9 cm (10–20%), 7–7.9 cm 
(20–40%), and greater than 8 cm (30–50%) [30]. Extending this risk out to 5 years, 
the overall cumulative rupture rate of incidentally diagnosed aneurysms in popula-
tion-based samples is 25–40% for aneurysms larger than 5.0 cm compared to 1–7% 
for aneurysms 4–5 cm [31–33].

J.G. Quatromoni and G.J. Wang
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1.1.4  Screening Imaging Modalities

Before imaging tests were developed, AAA screening was based on physical exam. 
However, accuracy of physical exam is limited by patient factors such as obesity 
and smaller aneurysm size [34]. Clinical studies have confirmed the poor reproduc-
ibility of physical exam, with sensitivity and specificity estimated at 39–68% and 
75–91% [7, 19]. Aside from exposing patients to ionizing radiation, computed 
tomography (CT) can over-estimate aneurysm size by 2 mm or more because the 
cross sectional diameter of the aorta obtained in axial CT imaging is often not in the 
transverse plane [9]. While CT is more reproducible and remains the primary 
modality for operative planning, ultrasound has become the primary method for 
AAA screening because of its high sensitivity and specificity, portability, ease-of- 
use, safety (i.e., lack of radiation), and relative low cost [7]. While somewhat user- 
dependent, the sensitivity and specificity of ultrasound both approach 100%. Thus, 
given these advantages, ultrasound remains the primary method for AAA 
screening.

1.1.5  Clinical Trials and Longitudinal Studies on Screening 
for AAA

Four large randomized controlled trials (RCTs) have been conducted to evaluate the 
effectiveness of population-based screening for AAAs using ultrasound: the 
Multicentre Aneurysm Screening Study (MASS), the Chichester, UK screening 
trial, the Viborg County, Denmark screening trial, and the Western Australia screen-
ing trial [35–38]. Multiple summative attempts have been made to combine these 
data sets, including a meta-analysis and two systematic reviews [19, 39, 40]. As 
these trials represent the highest-quality evidence in the literature, their cumulative 
data serves as the basis for all the major societal guidelines presented above. Overall, 
these trials showed that invitation to one-time screening for AAA is associated with 
a reduction in AAA-specific mortality in 65–75-year-old men. Follow-up reports 
for these trials have shown that this effect is both persistent, lasting up to 15 years 
[7, 41–44], and significant, with estimated relative reductions of 42% and 66% at 
13 years in the two highest-quality trials [41, 44]. Other beneficial effects, including 
reductions in risk for AAA rupture and emergency surgery, persisted up to 13 years 
out from screening as well [7]. While these trials did not collect specific data about 
participants’ smoking histories or other risk factors, given the increased AAA prev-
alence in men who have ever smoked (6–7% of this population [24, 45]), the pres-
ence of this risk factor increases the benefit of screening in this population. The data 
for screening in other populations, including women, is less definitive [7].

Together, the four large population-based screening RCTs accumulated 137,214 
participants with mean (or median) ages ranging from 67.7 to 72.7 years [7]. In each 
trial, participants were selected from population registries or regional health direc-
tories and randomized to either invitation for one-time ultrasound screening or usual 
care. The MASS trial, the largest of the four, randomized 67,800 men aged 65–74. 

1 Screening for Vascular Pathology: Current Guidelines and Recommendations
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This was the only trial that excluded participants based on health status; men that 
were too high risk to be screened by their primary care physicians, terminally ill, or 
had other serious health problems were excluded. Men with 3–4.4 cm aneurysms 
were followed with annual ultrasounds while those with 4.5–5.4 cm aneurysms 
were rescanned every 3 months. Surgery was offered to men with aneurysms greater 
than 5.5 cm, growth greater than 1 cm per year, or development of symptoms. Mean 
follow-up was 4.1 years in the original study but long-term data out to 13 years 
continues to be published [41, 42]. The Viborg trial included 12,658 men aged 
65–73 years old. Participants with aneurysms above 3.0 cm were offered annual 
rescreening while those with aneurysms greater than 5.0 cm were offered surgery. 
While mean follow-up in the original study was 5.1 years, a subsequent report 
detailing results out to 10 years was published thereafter [44]. The Chichester trial 
was the only trial to include women, with a total of 15,775 randomized participants 
(6433 men, 9342 women), aged 65–80 years. Subjects with 3–4.4 cm aneurysms 
were followed with annual ultrasound, while those with 4.5–5.9 cm aneurysms were 
rescanned every 3 months. Surgery was offered to participants with aneurysms 
greater than 5.9 cm, growth greater than 1 cm per year, or development of symp-
toms. Lastly, the Western Australia trial involved 41,000 men aged 65–83 years. 
The structure of this study was unique in that it did not specify its post-screening 
ultrasound surveillance protocol. Men were provided with two copies of a letter 
detailing the outcome of their ultrasound: one for them and one for their primary 
care doctor. Follow-up care, whether rescreening or surgical referral, was left up to 
the discretion of the primary care doctor as they deemed appropriate. Median fol-
low- up was 43 months.

In general, the statistical analysis plans and outcome variables among the trials 
were similar. All four trials were conducted via intention-to-treat analysis. 
Adherence to screening varied from 62.5% in the Western Australia trial, to 80.2% 
in the MASS trial. Less than 1% of the control groups crossed over in any trial to 
receive elective surgery, even at the longest follow-up of 13–15 years [19]. The 
primary outcome variable was AAA-specific mortality (all deaths related to AAAs 
and all deaths within 30 days of AAA surgical repair), but AAA rupture and all- 
cause mortality were also reported. In a recent systematic review that evaluated each 
trial according to USPSTF design-specific criteria [46], the MASS and Viborg trials 
were rated as “good-quality”, while the Chichester and Western Australia studies 
were labeled as “fair-quality” [19].

The prevalence of AAAs across the four trials ranged from 4.0% to 7.6%, with 
the majority (70–82%) less than 4.0–4.5 cm, and only a small proportion (0.4–
0.6%) greater than 5.5 cm. The two “good-quality” trials, MASS and Viborg, dem-
onstrated statistically significant reductions in AAA-related mortality in the groups 
invited to screening compared with the control groups, up to 13 years after screen-
ing (13-year hazard ratio [HR], 0.58 [CI, 0.49–0.69] and 0.34 [CI, 0.20–0.57], 
respectively) [35, 36, 41, 42, 44, 47]. For the MASS trial, this was associated with 
an absolute risk reduction of 0.14%, or 1.4 fewer AAA-related deaths per 1000 men 
screened [7, 41]. Not surprisingly, these two trials also found that an invitation to 
screening was associated with both lower AAA rupture rates at the 13-year 

J.G. Quatromoni and G.J. Wang
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follow- up (MASS: HR, 0.57 [CI, 0.49–0.67] [41]; Viborg: HR 0.44, [CI, 0.24–0.79] 
[47]) and significantly fewer emergency surgeries (MASS: Relative Risk (RR), 0.48 
[CI, 0.37–0.63] at mean follow-up of 13.1 years [41]; Viborg: RR, 0.25 [CI, 0.09–
0.66] at mean follow-up of 10 years [36]). While the two “fair-quality” trials, 
Chichester and Western Australia, did not report statistically significant results, they 
both showed a trend toward reductions in AAA-related mortality (Chichester: HR, 
0.88 [CI 0.6–1.30] at 15 years of follow-up; Western Australia: RR, 0.61 [CI, 0.33–
1.11] at 3.6 years of follow-up) [37, 38]. Of note, on post hoc analysis in the Western 
Australia trial, an invitation to screening was associated with a significant reduction 
in AAA-related mortality for men 65–75 years (OR, 0.19 [CI, 0.04–0.89]) and a 
trend toward increased mortality in older men (more than 75 years). This suggests 
that with better participant selection (i.e., excluding men over 75 years, when their 
likelihood of dying from other causes increases, thus limiting the benefit from AAA 
screening/repair), the Western Australia results may have aligned with the MASS 
and Viborg studies. As expected, all trials that reported rates of elective procedures 
showed significant increases (by about twofold) in elective AAA operations in the 
groups invited for screening: RRs 2.17 (MASS), 2.01 (Viborg), and 2.19 (Chichester), 
respectively [41, 47, 48]. Pooled analyses of data from these four trials from three 
independent groups demonstrated a statistically significant reduction, by about 
45–50%, in the odds of AAA-related mortality (OR, 0.55 [CI, 0.36–0.86], 0.60 [CI, 
0.47–0.78], and 0.57 [CI, 0.45–0.74]) [39, 40, 49]. None of the four trials found that 
an invitation to AAA screening was associated with a statistically significant all- 
cause mortality benefit at any time point up to 15 years. Pooled analyses of the four 
trials using random effects analysis have all showed no effect on all-cause mortality 
(ORs, 0.98 [CI, 0.97–1.00], 0.98 [CI 0.95–1.02], 0.95, [CI 0.85–1.07], and 0.98, [CI 
0.95–1.0]) [19, 39, 40, 49]. This was not entirely unexpected, as fewer than 3% of 
participant deaths were attributable to AAA across the trials [7].

Other longitudinal studies have been conducted that investigate the effectiveness 
of AAA screening programs. One such study, published in 2012, reported atten-
dance rates, screening and surveillance outcomes, and intervention rates and out-
comes resulting from an AAA screening program initiated in Gloucestershire, 
England 20 years after the program was initiated. Sixty-two thousand men were 
invited with an 85% participation rate. From this subpopulation, 148 men had an 
aortic diameter greater than 5.4 cm and were referred for treatment, and 4.6% had a 
diameter between 2.6 and 5.4 cm and entered an ultrasound surveillance program. 
Perioperative mortality for the 631 surgeries performed for screen-detected AAAs 
was 3.9%, in line with the expected percentages based on other trials. An additional 
372 procedures were performed for aneurysms detected incidentally with a mortal-
ity of 6.7%. Most tellingly, the number of ruptured aneurysms treated annually fell 
significantly during the course of the program [50].

The clinical data supporting AAA screening in women lags behind that of men. 
As noted previously, only one of the four major ultrasound-based AAA-screening 
RCTs recruited women, who were aged 65–80 years [10]. This trial found that AAA 
prevalence in women was six times lower than men (1.3% vs. 7.6%), in agreement 
with screening reports from Sweden that found a prevalence of 0.8% and 2.0% in 
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ever-smokers and current smokers, respectively [11]. While most (75%) screen- 
detected AAAs were small (<3.9 cm), meta-analysis has shown that women have a 
three- to fourfold higher risk for rupture than men at the same diameter [51]. 
Nonetheless, rupture rates (0.06% in both groups), AAA-specific mortality (<0.2% 
in both groups, no statistical analysis), or all-cause mortality (10.7% vs. 10.2%) did 
not significantly differ at 5 years in the invitation-to-screening and control groups 
[7, 10, 19, 37]. Unlike men from the same trial in which the majority of ruptures 
occurred prior to age 80, most (70%) of the AAA-related deaths in women occurred 
at age 80 or older (at a time of increased competing causes of death and a declining 
benefit-risk ratio for operative intervention) [10]. Ultimately, the low prevalence of 
AAA in women resulted in a trial that was underpowered to draw definitive conclu-
sions regarding health outcomes in this population [7]. In combination with the 
paucity of available data from other trials, uncertainty remains regarding the benefit 
women receive from population-based AAA screening.

One topic currently under investigation is selective screening in high-risk popu-
lations. A history of smoking is the most important risk factor for developing an 
AAA and has been suggested as a possible criterion for selective AAA screening 
[52]. Even a relatively modest smoking history (i.e., half-pack or less per day for 
less than 10 years) increases the likelihood of developing a large AAA [52]; this 
effect has been estimated as a three- to fivefold increase in AAA prevalence across 
all age groups and an increase in AAA-related mortality [24, 49, 53]. Unfortunately, 
the population-based screening RCTs did not collect specific data about partici-
pants’ smoking histories. As a result, modeling studies have been conducted to 
determine how the impact of screening would differ in those with a history of smok-
ing as compared to those who had never smoked [49]. In one study of 100,000 
hypothetical U.S. men aged 65–74 years, the invitation of only ever-smokers (69% 
of men in this population) to attend screening would account for 89% of the expected 
reduction in AAA-related mortality from population-based screening of all men 
65–74 years of age [49]. In a simulation analysis based on participant data from the 
Viborg trial, selective screening in high-risk patients, defined as those having 
Chronic Obstructive Pulmonary Disease (COPD) or a cardiovascular condition, 
would have prevented half of all reported deaths at 5 years and required 72.9% 
fewer screening invitations compared to mass screening [54]. Other modeling stud-
ies have shown that screening strategies based on age, sex, and smoking history 
outperform strategies that use other risk factors, such as family history, coronary 
artery disease, or hypercholesterolemia [55, 56].

1.1.6  Cost-Effectiveness Analysis for Screening for AAA

A core requirement for policy-making regarding any potential AAA screening pro-
gram is cost-effectiveness. The literature consists of data derived from the Viborg and 
MASS trials [42, 44, 57], as well as hypothetical data [58]. In the MASS trial, cost-
effectiveness based on AAA mortality at 4, 7, and 10 years of follow-up was $44,900, 
$19,500, and $12,579, respectively, per life-year gained [42, 43, 59]. Likewise, the 
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cost per life-year gained as determined in the Viborg trial also improved from $12,736 
at 5 years to $2566 at 15 years [17, 44]. As expected, this incremental improvement 
in cost-effectiveness over time reflects the high initial cost of screening and elective 
surgery (for aneurysms >5.5 cm) followed by continued long-term benefit [42, 43, 
57, 60]. As the survival advantage in terms of life- years gained continues to increase 
with time, predictive models based on MASS data estimate a cost of $3806 per life-
year gained over the full lifetime of men aged 65, indicating an extremely cost-
effective program [42, 57]. Other recent cost- effectiveness studies using MASS data 
have tried to account for recent changes in the management and epidemiology of 
AAAs (decreasing prevalence of AAA and new surgical approaches) and have still 
found that screening men was cost-effective and delivered significant clinical benefit 
[61]. Nevertheless, there are other reports that suggest AAA screening is not cost-
effective [58]. This study utilized a hypothetical population in their prediction model 
and clinical cost profiles native to Denmark (i.e., for screening, elective surgery, 
emergency surgery) which differed significantly from the UK, which together are 
believed to explain the contrasting findings [62, 63].

1.1.7  Potential Harms Versus Benefits of Screening

As with any medical intervention, ultrasound screening represents a balance 
between benefits, i.e., identifying AAAs early on in the non-emergent setting when 
it is possible to undergo elective surgery, and risks. Unlike other forms of imaging, 
ultrasound has no known direct physical risks [64]; instead, its risk profile consists 
of two indirect effects: psychological distress in those who screen positive and 
adverse outcomes from operative management [65].

Anxiety/depression, decreased quality of life, and poor health perception com-
prise the most frequently investigated negative psychological outcomes from 
screening. Most of the data on these adverse effects was collected in the Viborg and 
MASS RCTs, in addition to five observational studies [35, 66–71]. Unfortunately, 
the aggregate results are conflicting, with four of the five observational studies 
showing no clinically significant decrease in quality-of-life measures in those who 
screened positive compared to unscreened control participants, the MASS trial 
demonstrating only a transient negative psychological effect that resolved after 
6 weeks, and the Viborg trial finding a small, but significant, immediate negative 
change in the psychological profile of participants who screened positive after 
1 month of conservative management. While it is difficult to generate definitive 
conclusions, these results suggest that a portion of the population who screen posi-
tive but do not require immediate intervention may develop mild, though likely 
transient, adverse psychological effects.

AAA repair, whether open or endovascular, remains associated with significant 
complications (surgical complication, hospitalization, or even death) [72]. The most 
feared complication of AAA repair, perioperative mortality, occurs in 2.7–5.8% of 
elective cases, depending on patient specific comorbidities, the type of procedures, 
and other operator-specific factors (surgeon experience, type of surgeon, hospital 
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volume, etc.) [73–75]. A separate issue altogether is the relative mortality in patients 
undergoing elective open surgery compared to endovascular repair. One of the 
byproducts of screening programs is an increase in elective procedures, as borne out 
by data from the four population-based screening RCTs: the risk for any AAA- 
related operation in the invited group was approximately double that of the non- 
invited group at 3–5 years in all trials due to an uptick in elective procedures 
[35–38]. Concurrently, most screening trials reported associated decreases in emer-
gency repairs (data presented above) in populations invited to screen [19]. While the 
complication rate may remain constant, estimated at 32% for elective AAA repairs 
[72], the total number of complications will inevitably rise. Thus, the increase in the 
overall rates of detection and surgery in the screening group potentially represents a 
harm, as a proportion of AAAs will never rupture due to cessation in growth or 
death from a competing cause. The extent of over-diagnosis and over-treatment is 
unfortunately difficult to estimate [7].

In conclusion, undetected AAAs represent a major public health concern because 
of the high rates of mortality with rupture. Ultrasound imaging has emerged as a 
viable screening modality because of its high sensitivity and specificity, reproduc-
ibility, portability, safety, and affordability. While separate guidelines have been pub-
lished by multiple societies and governmental agencies, they share a consensus for 
those populations considered at high risk, i.e., men aged 65–75 with a history of 
smoking. Controversy still exists over other subpopulations for which the data is 
inconsistent or lacking altogether, i.e., women, younger non-smoking men, and those 
with risk factors other than smoking or a strong family history. Improved definition 
of those populations at high risk who will most benefit from screening is needed.

1.1.8  The SAAAVE Act: A Summary

Signed into law by President George W. Bush in 2007, the SAAAVE Act provides for 
a one-time AAA screening ultrasound as part of the “Welcome to Medicare Physical 
Exam” for patients with defined risk factors. More specifically, this population 
includes men aged 65–75 who have smoked at least 100 cigarettes and patients of 
either gender with a family history of AAA. Prior to 2007, screening for AAAs was 
not a covered Medicare benefit, requiring patients to pay out-of-pocket [76].

Although its intentions were supported by clinical evidence showing an AAA- 
related mortality benefit [35, 38, 39, 43, 49, 77], unfortunately the SAAAVE Act has 
been fraught with controversy since its inception. Opponents of the act point to a 
recent study from Stanford that found the act was associated with an increased num-
ber of abdominal ultrasounds, but without concurrent improvements in clinical out-
comes [77]. The study, which compared a sample of Medicare enrollees eligible for 
screening to a control group that was not eligible for screening, found that while the 
use of abdominal ultrasound had increased 2.0% (7.6–9.6%) among SAAAVE- 
eligible men from 2004 to 2008, there were no apparent changes in the rates of AAA 
repair, AAA rupture, or all-cause mortality. Perhaps more concerning was that fewer 
than 10% of SAAAVE-eligible Medicare enrollees actually received the abdominal 
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ultrasound. Proposed reasons for underutilization of abdominal aortic ultrasound 
screening include significant system factors, such as lack of awareness on the part 
of physicians and patients regarding the SAAAVE Act or the potential benefits of 
AAA screening, but also lack of in-depth history-taking to identify high- risk 
patients, and the misguided belief that AAAs can be easily palpated on physical 
examination [5, 77]. Other opponents contend that the modest impact of the 
SAAAVE Act on screening rates is based on a small absolute reduction in clinical 
events resulting from AAA screening, rather than a reduction in a significant per-
centage of those patients at risk [78]. They argue that the widespread adoption of 
AAA screening is not justifiable by medical practitioners because the population 
benefit is low relative to the time period upon which the USPSTF based their origi-
nal screening recommendations. This conclusion is based on recent clinical evi-
dence from Europe suggesting a decline in mortality from ruptured AAAs, and thus 
“clinically relevant aneurysms”, over the past 10–15 years attributed to a decrease 
in the prevalence of smoking rather than the implementation of AAA screening or 
the rise of endovascular repair [79, 80].

Proponents of the SAAAVE Act are quick to point out that the 1-year follow-up 
in the study by Shreibati et al. might be too short to observe a reduction in all-cause 
mortality [77]. Randomized trials of AAA screening have shown that the reduction 
in AAA-related mortality is not apparent for at least 1 year after the initial AAA 
screening [35]. In addition, they argue that the requirements for patient eligibility 
and physician reimbursement prevent widespread adoption of AAA screening ultra-
sounds [76]. They point to the modest 2% increase in screening ultrasounds, still 
less than 10,000 total exams in 2007, after the implementation of the SAAAVE Act 
as evidence of the barriers for beneficiaries. Indeed, at-risk Medicare beneficiaries 
must obtain a referral for AAA screenings during their “Welcome to Medicare 
Physical Exam” and must be screened during their first 6 months of eligibility [81]. 
Furthermore, potential beneficiaries are required to pay a 20% co-payment out-of- 
pocket prior to screening [76]. Additionally, the millions of patients not newly 
enrolled in the Medicare program are not eligible.

A recent study conducted at the Geisinger Medical Center would suggest that 
more aggressive screening measures are in order [5]. The study investigated whether 
current screening guidelines under the SAAAVE Act, in conjunction with routine 
ambulatory medical care evaluation, were an effective way to identify and screen 
patients at risk for ruptured AAA. To do this, the authors retrospectively reviewed the 
pre-operative clinical data and outpatient office visit notes for all patients who pre-
sented with ruptured AAAs at their institution over a 6-year period. Notably, only 
17% of patients who presented with a ruptured AAA would have been eligible for a 
screening ultrasound based upon the SAAAVE Act criteria at the time of rupture. The 
study also found significant gender disparities: while 30% (16 total women) of the 
study patients were women, only one would have been eligible for screening accord-
ing to the SAAAVE Act. Further underscoring the importance of screening ultra-
sound was their finding that physical exam was inadequate to diagnose AAAs, as 
only 9.6% of patients had findings that the practitioner felt were suspicious for 
AAA. The authors rightfully concluded that current AAA screening guidelines, as 
currently constructed, are inadequate in reducing aneurysm-related mortality.
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Another barrier to the provision of screening ultrasounds by a medical practitio-
ner is the strict requirement for reimbursement. This suggestion was raised in 
response to one of the findings in the study by Shreibati et al. In the study, they 
found that the small increase in screening rates observed after the SAAAVE act was 
due to an increase in abdominal ultrasonography not reimbursed under the program 
(i.e., not an approved current procedural terminology [CPT] code under the act). 
While this may have purely been attributable to a lack of education regarding the 
proper CPT codes, one alternative explanation offered was that for some eligible 
patients, the screening ultrasound was billed under a different CPT code because it 
did not meet the complex criteria for reimbursement [77].

While the SAAAVE Act undoubtedly has its drawbacks, it nevertheless raised 
awareness of AAAs and lays the foundation for future progress toward the provi-
sion of potentially life-saving abdominal ultrasonography to all at-risk patients. 
Efforts by the SVS are already underway to introduce new legislation that would 
unlink AAA screening from the “Welcome to Medicare Physical Exam” as well 
as expand the one-time screening to 65–75-year-old at-risk Medicare beneficia-
ries. The largest hurdle may prove to be education of both primary care physi-
cians and patients about AAAs. Indeed, multiple studies investigating patients 
presenting with ruptured AAAs have found that a high percentage (~30–40%) of 
them had a known AAA prior to rupture [5, 82]. In one of these studies, 40% of 
patients with radiographic evidence of AAA prior to rupture were never referred 
or evaluated in the vascular surgery clinic [5]. Akin to the disease processes of 
breast cancer and colorectal cancer, AAA screening reduces disease-specific 
mortality but not all- cause mortality [77]. However, awareness of AAA screening 
certainly lags behind the screening programs for these diseases, namely mam-
mography and fecal occult blood testing, which receive ample attention in the 
press. This deficiency has not gone unnoticed, as companies such as Gore have 
created websites to raise awareness and provide patients with information on the 
SAAAVE Act [83].

Perhaps most important from a practical perspective, AAA screening has been 
shown to be cost-effective, with an estimated cost-effectiveness ratio of $19,500 per 
life-year gained [43]. Furthermore, evidence exists supporting the cost effectiveness 
and efficacy of a screening program. When a large-scale screening effort for identi-
fying AAAs in patients in clinical practice was implemented, the prevalence of 
AAAs and aneurysm distribution reflected those reported in major clinical trials at 
a reasonable cost of $53 per ultrasound [81]. Given the marked improvement in 
mortality associated with elective AAA repair compared to emergent repair of a 
ruptured AAA [5] and the cost-effectiveness of AAA screening, the most effective 
method of reducing AAA-related mortality is early identification and elective repair. 
Within this context, the SAAAVE Act represents the foundation upon which future 
efforts will build a more thorough screening program that provides coverage to all 
at-risk beneficiaries.
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1.2  Carotid Stenosis

1.2.1  Clinical Impact of Stroke and the Importance 
of Prevention

The American Stroke Association recently re-defined the term stroke as “acute 
cerebrovascular syndromes”, to reflect the many pathological processes whose col-
lective endpoint is neurologic tissue damage over a short period of time [84]. Stroke, 
as a clinical entity, is a major public health concern because it is one of the leading 
causes of death and disability. Not only is stroke the leading cause of death world-
wide and the fourth leading cause of death in the United States, but it is associated 
with 20% mortality from the acute event and 40–50% survival at 5 years [85]. Of 
the people who survive a stroke, 18% are unable to return to work and one quarter 
of those over 65 require long-term institutional care [85, 86]. As the elderly popula-
tion continues to grow, those at risk for stroke will increase; indeed, the prevalence 
of stroke has been rising in parallel with the expansion of this population [87]. 
Treatment options for patients who have had strokes are unfortunately limited. Only 
a small fraction of stroke patients are candidates for thrombolysis; for the remaining 
patients, treatment consists of damage control measures to limit the extent of brain 
injury. For this reason, stroke prevention represents the area with greatest potential 
impact on disease.

1.2.2  Carotid Stenosis as the Cause of Strokes

Ninety percent of strokes in the United States are ischemic strokes (thrombosis, 
embolism, or systemic hypoperfusion), and by far the predominant etiology [88]. 
Carotid artery stenosis (CAS), defined as atherosclerotic narrowing of the extracra-
nial carotid arteries (either the internal or the common and internal carotid arteries), 
is thought to cause approximately 10% of ischemic strokes [89, 90], with a population- 
attributable risk of 1–7% [85, 91, 92]. CAS can be further subdivided based on the 
presence or absence of symptoms. Symptomatic CAS is defined by the presence of 
recent (i.e., within 6 months) transient or permanent focal neurologic symptoms 
related to high-grade stenosis of the affected artery [93]. Such symptoms include 
ipsilateral amaurosis fugax, contralateral weakness or numbness of an extremity or 
the face, dysarthria, or aphasia. This subset of patients, which will not be discussed 
in depth in this section, often benefit from early carotid revascularization [94]. The 
asymptomatic subtype, on the other hand, is defined by the degree of stenosis, with 
the cutoff ranging from 50% to 70%, depending on the study criteria [95–97].

Based on large US studies investigating the rate of progression of asymptomatic 
CAS, the 5-year risk for ipsilateral stroke is estimated at 5% for CAS greater than 
70% [91]. In one of the largest trials in patients with asymptomatic CAS (defined 
in the trial as >60%), 11.8% of patients suffered from stroke or death at 5 years 
without surgical intervention [98]. Since this trial (in the 1990s), however, the 
annual risk of stroke in medically treated patients with asymptomatic CAS has 
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decreased, mostly attributed to improved management of blood pressure, diabetes, 
and hypercholesterolemia. As shown by a meta-analysis in 2013 of 26 studies of 
patients with asymptomatic CAS, the rate of ipsilateral stroke was significantly 
lower for patients recruited between 2000 and 2010 than for those recruited earlier 
(11.3% vs. 2.4%) [99]. With current optimized medical therapy, it is estimated that 
the risk of stroke in these individuals may in fact be less than 1% per year and as 
low as 0.3% per year [100, 101].

Unfortunately, there are currently no validated, reliable methods to determine 
both who is at increased risk for CAS and who is at increased risk for stroke when 
CAS is present. The purpose of this section is to review the current evidence regard-
ing the effectiveness of screening asymptomatic adults for CAS in reducing the risk 
of ipsilateral stroke.

1.2.3  Prevalence and Risk Factors for Carotid Stenosis

The overall prevalence of CAS varies depending on demographic factors, cut points 
for carotid stenosis, and methods of grading. For CAS greater than 70% in adults 
over 65 years, large US-based studies of the general population in the 1990s sug-
gested a prevalence between 0.5% and 1% [90, 91]. Other more recent data from 
meta-analyses of 40 studies reported similar results, with an estimated prevalence of 
1.7% in this population [102, 103]. Not surprisingly, older patients, men, smokers, 
and those with hypertension and heart disease were found to have a higher burden 
of disease. Indeed, age and sex were shown to significantly affect the prevalence of 
moderate stenosis in pooled results from 40 studies: CAS >50% for men and women 
under age 70 was 4.8% and 2.2%, respectively; this increased to 12.5% and 6.9%, 
respectively, for men and women over age 70 [102]. Other pertinent risk factors for 
CAS include diabetes and hyperlipidemia. While many of these risk factors are 
associated with CAS, some, such as hypertension, smoking, and hyperlipidemia, 
are directly associated with the development of strokes themselves. In fact, the 
population- attributable risk for stroke related to asymptomatic CAS (0.9%) is 
thought to pale in comparison to that of hypertension (>95%), smoking (12–14%), 
and hyperlipidemia (9%) [91, 92].

1.2.4  Screening Tests for Carotid Stenosis: Physical Exam 
and Non-invasive Imaging

Screening for CAS in the clinical setting has typically involved either auscultation 
of a carotid bruit during physical exam or non-invasive studies of the carotid artery, 
including duplex ultrasonography (DUS), CT angiogram (CTA), or magnetic reso-
nance angiogram (MRA). While cerebral angiography is the gold standard for 
imaging, it is invasive, expensive, and associated with the risk of stroke and even 
death; for this reason, it is not frequently the first-line imaging modality.
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Carotid bruits are often the initial finding in the primary care office that prompts 
further workup for CAS. Unfortunately, carotid bruits are fraught with multiple 
issues which make them a less-than-ideal screening test. Not only are bruits associ-
ated with a low degree of inter-observer reliability, estimated at 66% [104], but they 
are poor predictors of both underlying carotid stenosis and ipsilateral stroke risk in 
asymptomatic patients [105–107]. As a clinical tool for detecting underlying CAS, 
the estimated sensitivity and specificity for auscultation was only 46–77% and 
71–98%, respectively, according to the USPSTF’s review of four studies [105]. 
Similarly, the carotid bruit has failed to demonstrate utility as a predictor of ipsilat-
eral stroke: in one study of nursing home residents, it was found that the 3-year 
cumulative incidence of cerebrovascular accidents was similar for patients with and 
without asymptomatic bruits [106]. Furthermore, 60% of bruits eventually disap-
peared without any correlation to the development of strokes. While bruits may not 
serve a useful purpose with regard to CAS screening, they in fact are thought to 
better predict general atherosclerotic disease rather than cerebrovascular disease 
[108]. In fact, patients with bruits are more likely to die from cardiovascular rather 
than cerebrovascular disease, and twice as likely to develop a myocardial infarction 
(MI) or die from cardiovascular disease than people without bruits [108, 109].

The three main non-invasive imaging techniques used for CAS screening are 
carotid DUS, MRA (contrast-enhanced MR angiography [CEMRA] if contrast- 
enhanced), and CTA. DUS has assumed the primary role as the screening method of 
choice due to its portability, inexpensiveness, lack of radiation, and accuracy. 
According to a meta-analysis of studies from 1996 to 2003 using angiography as a 
gold standard, DUS was associated with a sensitivity of 98% and specificity of 88% 
for CAS >50%; for CAS >70%, the accuracy was increased, with a sensitivity of 
90% and specificity of 94% [110]. While this study also raised concerns regarding 
the reliability of DUS after finding variation between laboratories, other studies have 
shown that this is less of a concern for more pronounced CAS (>70%), in which 96% 
agreement has been reported between readers for this degree of disease [111].

Carotid DUS has performed well in comparative studies with other imaging 
techniques. In one meta-analysis, no significant difference was found in the ability 
of DUS or MRA to detect CAS >70% [112]. In another meta-analysis in 2006 of all 
four types of imaging, CEMRA was the most sensitive and specific compared to 
DUS, MRA, or CTA (sensitivity 94% vs. 89%, 88%, and 76%, respectively; speci-
ficity 93% vs. 84%, 84%, and 94%, respectively) [113]. In this study, DUS per-
formed on par with MRA; CTA was less sensitive than both, but more specific 
[113]. Another more recent systematic review found similar results, with MRA hav-
ing only a slightly higher sensitivity (95% vs. 86%) and specificity (90% vs. 87%) 
for detecting CAS of 70–99% than DUS [114].

1.2.5  Asymptomatic CAS: Effectiveness of Early Detection 
and Treatment

Unfortunately, no studies have been conducted that investigate the direct benefit of 
screening for asymptomatic CAS. However, three major randomized controlled trials 
(RCTs) have been published that examine the benefit of treating asymptomatic CAS 
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with carotid endarterectomy (CEA): ACAS (Asymptomatic Carotid Atherosclerosis 
Study), VACS (Veterans Affairs Cooperative), and ACST (Asymptomatic Carotid 
Surgery Trial) [115–117]. The exact trial specifics are beyond the scope of this chap-
ter. Nevertheless, it is important to briefly review the results because a discussion 
about the feasibility of a screening strategy without a subsequent intervention with 
proven benefit would be rendered moot.

In total, these three studies allocated 5226 subjects to medical therapy or 
CEA. The randomized patient sample lacked diversity: Caucasian men (no women 
were enrolled) in North America and Europe, aged 65–68 years old, with a life 
expectancy of at least 5 years. The criteria for inclusion was CAS >50% in the 
VACS and CAS >60% in the ACAS and ACTS studies. In general, pooled analysis 
of data from these three studies found that patients randomized to CEA experienced 
2.0% fewer perioperative strokes or death or subsequent ipsilateral stroke than med-
ical management. If the outcome measure under investigation was re-defined as all 
strokes or death, the benefit to patients undergoing CEA was even higher: 3.5% 
fewer patients experienced this outcome as opposed to those receiving medical ther-
apy alone [105]. The absolute risk reduction was small, with an average of 1% per 
year [95]. Unfortunately, no studies exist that compare carotid angioplasty and 
stenting (CAAS) with medical therapy.

These RCTs had significant limitations that reduce the proposed benefit to 
patients undergoing CEA as compared to medical management. Most significantly, 
the medical arm was not standardized or defined in any of the trials (although ACAS 
and VACS patients received aspirin alone), no trials compared CEA to current best 
medical therapy (i.e., no statins or anti-hypertensive), patients with prior symptoms 
(>6 months prior to enrollment) suggesting ipsilateral symptomatic CAS were 
included along with asymptomatic patients (ACST), and only the most experienced 
surgeons were allowed to participate. These four factors, along with the inevitable 
decrease in effectiveness when implemented outside the strict confines of RCTs 
(i.e., in the more diverse general population), would likely limit the magnitude of 
benefit from surgical intervention in asymptomatic patients in the general popula-
tion. As a result, conclusions regarding these trials are limited. At the most basic 
level, one may reasonably conclude that with patients and surgeons similar to those 
in the RCTs, treatment with CEA for asymptomatic CAS can result in a net absolute 
reduction in stroke rates in selected patients similar to those included in the trials 
(i.e., medically stable men with asymptomatic CAS of 60–99% who have a life 
expectancy of at least 5 years) with selected surgeons and must be weighed against 
the associated perioperative complications (discussed below) [95, 96].

1.2.6  Harms of Screening

As with any screening strategy, the benefits of identifying a disease process in the 
early stages must be weighed against the harms from both the screening technique 
and any subsequent intervention that occurs due to a positive screen. While carotid 
DUS has little, if any, direct harms, unnecessary CEA or CAAS in patients 
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incorrectly diagnosed with CAS could lead to unnecessary interventions and result 
in significant harms.

Analysis of six trials with over 3000 patients comparing CEA to medical therapy 
under conditions similar to those in the three major RCTs determined that CEA was 
associated with a 30-day stroke or mortality rate of 2.4% in pooled analysis [90]. 
CAAS is also associated with significant risks, including stroke or death in 3.1% of 
patients, as shown in a meta-analysis of two trials with over 6000 patients [90]. These 
figures would likely increase in low-volume centers and with less experienced sur-
geons. Other post-operative complications post-CEA that should be considered include 
myocardial infarctions (0.8–2.2%), cranial nerve injury (3.8% patients), pulmonary 
embolism (1.4%), and local hematoma requiring reoperation (2.8%) [90, 105].

1.2.7  Screening of Asymptomatic Adults in the General 
Population for CAS

The purpose of a screening program is to identify people with an unrecognized 
condition (CAS) who would derive significant health benefits (prevention of stroke) 
from a treatment they would not have otherwise received [92]. Some argue that 
detecting asymptomatic CAS does not lead to an intervention, either medical or 
surgical, that benefits the patient. The reasons for this conclusion are multifold.

First, all risk factors for CAS should be medically managed aggressively regard-
less of the presence or absence of asymptomatic CAS. Not only are most of the risk 
factors for CAS associated with strokes themselves, but they are associated with 
strokes to a much more significant extent than CAS. Partly the result of the low 
prevalence of asymptomatic CAS in the general adult population (for these pur-
poses, estimated at 0.90% in adults over 60), the population-attributable risk for 
stroke due to asymptomatic CAS (0.7%) is much smaller than that of hypertension 
(>95%), smoking (12–24%), and hyperlipidemia (9%) [88]. As a result, most of the 
population at risk for CAS are already medically optimized, such that the finding of 
asymptomatic CAS would only result in added benefit if an intervention or surgical 
procedure would reduce their risk of stroke [88]. Thus, evaluation of the efficacy of 
interventions after a positive screen should focus on surgical interventions (i.e., 
CEA or CAAS) and the risks and benefits of each.

Second, it has not been definitively shown that surgical intervention is superior 
to medical therapy in asymptomatic patients based on the available data. As dis-
cussed above, while the major RCTs found a statistically significant benefit of CEA 
as compared to medical therapy, the absolute risk reduction was small (average 1% 
per year) and the medical treatment arm was not representative of the current best 
practices [95]. Indeed, with recent advances in medical management (improved 
control of blood pressure, hyperlipidemia, and diabetes are thought to represent the 
most important factors, in decreasing order of importance [118]), observational 
studies now suggest that the rate of strokes with medical therapy may be at or below 
the 1% annual rates found in the trials’ surgical groups [92]. If this is correct, com-
plication rates associated with CEA or CAAS would need to be much lower than the 
previously recommended 3% to justify the intervention [88].
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Lastly, as another consequence of low disease prevalence in the general popula-
tion, the rate of false positives would be high. If a point prevalence of 0.9% asymp-
tomatic CAS greater than 70% in adults over 60 is assumed, a sensitivity/specificity 
of 90%/94% would yield a positive predictive value of 12%. This would imply that 
88% of subjects would undergo unnecessary further workup or interventions, which 
carry their own set of risks as outlined above [92].

1.2.8  Screening of High-Risk Asymptomatic Adults for CAS

Given the data presented above, it is not difficult to understand why all major medi-
cal societies, including the AHA, the SVS, and the USPSTF, recommend against the 
screening of asymptomatic CAS in the general adult population (see below). While 
not addressed by the USPSTF or the AHA directly, the SVS has endorsed the 
screening of asymptomatic patients at high risk for CAS (i.e., those with hyperten-
sion, smoking, diabetes). This approach is reasonable, as screening this subpopula-
tion with presumably a higher prevalence would increase the positive predictive 
value of the carotid DUS. Unfortunately, no guaranteed method currently exists to 
identify groups of patients with this high a prevalence. In any case, probability mod-
els have been created to try and quantify the threshold prevalence in the high-risk 
population at which the benefit from CEA outweighs the risk of post-operative com-
plications [119]. Results suggest that this prevalence estimate is 20%, but benefits 
would only be seen at centers where the duplex study has a demonstrated high 
sensitivity and specificity and where there was a low surgical risk.

1.3  The Major Societal Guidelines

1.3.1  USPSTF (2014) [105]

• Recommends against screening for asymptomatic CAS in the general adult pop-
ulation on the basis that the harms of screening outweigh the benefits.

• This is a grade D recommendation, meaning that the USPSTF discourages the 
use of this service.

1.3.2  Society for Vascular Surgery (2011) [120]

• Recommends against routine screening to detect clinically asymptomatic CAS in 
the general population. Screening is not recommended for the presence of a neck 
bruit alone without other risk factors. This is a Grade 1 recommendation based 
on level A evidence.

• Recommends that screening for asymptomatic CAS should be considered in 
individuals above the age of 65 with one of the following risk factors (hypercho-
lesterolemia, smoking, coronary artery disease) or any individual with PAD as 
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long as the patient is a candidate for intervention or surgery and is willing to 
consider carotid intervention or surgery if a significant stenosis is discovered. 
The presence of a bruit in these patients increases the likelihood of a significant 
stenosis. This is a Grade 1 recommendation based on level B evidence.

• Screening may be reasonable in patients as part of the pre-operative evaluation 
prior to Coronary Artery Bypass Grafting (CABG). The presence of left main 
disease and PAD would increase the yield of the screening test in these individu-
als, based on level B evidence.

• Screening is not recommended in individuals with asymptomatic disease with 
prior history of head and neck radiation. They posit that the benefit of interven-
tion in these patients has not been established, based on level B evidence.

• Screening is not recommended for individuals with AAA unless they fit one of 
the high-risk categories listed above, based on level B evidence.

• Recommends carotid DUS in an accredited vascular lab as the initial screening 
test of choice for asymptomatic CAS in high-risk patients. When non-diagnostic 
or stenosis of intermediate severity (50–69%) is found in an asymptomatic 
patient, follow-up imaging with MRA, CTA, or angiography is required prior to 
intervention. These are Grade 1 recommendations based on level B evidence.

1.3.3  American Heart Association (2011) [88, 121]

• Recommends against screening in low-risk populations for asymptomatic 
CAS. This is a class III recommendation based on level C evidence. This is made 
on the basis of concerns about lack of cost effectiveness, the potential adverse 
impact of false positives and false negatives in the general population, and the 
small absolute benefit of intervention.

• Recommends that it is reasonable to consider CEA in asymptomatic patients 
with >70% stenosis if the risk of perioperative stroke, MI, and death is low 
(<3%). However, effectiveness compared with contemporary best medical man-
agement is not well established. This is a class IIa recommendation based on 
level A evidence.

In conclusion, with the data available, the potential harms outweigh the benefits 
of population screening of adults, particularly elderly patients, for asymptomatic 
CAS. For this reason, this practice is discouraged by the major societal groups. 
Future work needs to be conducted with the goal of developing valid and reliable 
tools to determine which people are at high risk for CAS, as well as those who are 
at high risk for stroke once diagnosed with CAS. Once this population with a higher 
prevalence is identified, selective screening would prove more fruitful, as the posi-
tive predictive value of carotid DUS would increase and thus limit the false positives 
and unnecessary harms from further workup and interventions. While no current 
algorithm exists, it would be reasonable to adopt the approach of the SVS in terms 
of selective screening of asymptomatic patients with multiple risk factors for CAS 
at a point in which surgical intervention would be tolerated with minimal risk of 
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perioperative stroke, MI, or death. Other areas of future work include comparing 
CEA and CAAS (carotid artery angioplasty and stenting) to current best medical 
practice to determine if there is truly a benefit from surgical intervention, which is 
being studied in CREST-2. These studies will also be more inclusive of a diverse 
patient sample, especially women and minorities, who were excluded from the three 
major RCTs of the 1990s.

1.4  Peripheral Artery Disease

The American Heart Association estimates that peripheral artery disease (PAD) 
afflicts eight million people over the age of 40 in the United States, and affects 
12–20% of Americans above the age of 65 [122]. PAD, defined as atherosclerotic 
occlusion of the iliac, femoral-popliteal, and infrapopliteal arteries, causes impaired 
circulation to the lower extremities [123]. In addition to being a significant public 
health burden, PAD is a major source of morbidity and mortality resulting in func-
tional impairment, limb loss, and death from cardiovascular causes. Timely diagno-
sis of PAD has allowed for primary and secondary prevention strategies aimed at 
reducing cardiovascular morbidity and mortality. Despite epidemiologic studies 
which have contributed to our understanding of PAD prevalence in defined popula-
tions and its association with traditional atherosclerotic risk factors, the recommen-
dations for screening for PAD are somewhat inconsistent between governing bodies. 
We summarize the salient points of the American College of Cardiology/American 
Heart Association 2005 Practice Guidelines for the Management of Patients With 
Peripheral Arterial Disease [4], the 2011 ACCF/AHA Focused Update of the 
Guideline for the Management of Patients With Peripheral Artery Disease [124], 
and the U.S. Preventive Services Task Force Recommendation Statement [125].

1.4.1  ACC/AHA 2005 Practice Guidelines for the Management 
of Patients with Peripheral Arterial Disease

These practice guidelines represent a collaborative compilation effort between the 
ACC and AHA and have been officially endorsed by the Society for Cardiovascular 
Angiography and Interventions; Society for Vascular Medicine and Biology; 
Society for Vascular Surgery; and Society of Interventional Radiology; as well as by 
the American Association of Cardiovascular and Pulmonary Rehabilitation; 
National Heart, Lung, and Blood Institute; Society for Vascular Nursing; 
TransAtlantic Inter-Society Consensus; and Vascular Disease Foundation. For the 
purposes of this section of the chapter, we will focus on lower extremity PAD. With 
regard to the evaluation of a patient who is asymptomatic, these guidelines outline 
those populations who are at high risk and therefore most likely to benefit from 
further evaluation:

• Less than 50 years of age with diabetes and one other atherosclerotic risk factor 
such as smoking, dyslipidemia, hypertension, or hyperhomocysteinemia
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• Age 50–69 years with history of diabetes or smoking
• Age >70 years
• Leg symptoms with exertion consistent with claudication or ischemic rest pain
• Abnormal lower extremity pulse exam
• Known disease in the coronary, carotid, or renal circulation

1.4.2  Detection of Symptomatic PAD

1.4.2.1  History and Physical Exam
In the high-risk populations as defined above, this document recommends that these 
patients should undergo a thorough history as well as vascular review of systems 
that evaluates for the presence of claudication symptoms, ischemic rest pain, or 
evidence of tissue loss. The review of systems should be thorough in its evaluation 
of possible organ systems affected. This assessment is not standardized, and the 
authors acknowledge that this may contribute at least partially to the underdetection 
of PAD. It also recommends that these individuals undergo a vascular-focused exam 
checking for pulses as well as evidence of tissue loss in the feet. The evidence for 
these recommendations was graded as level C in the 2005 guidelines, meaning that 
this recommendation was derived from case studies or a consensus of experts. In the 
evaluation of claudication symptoms, questionnaires have been derived for the 
detection of PAD, which can be added to the patient history, albeit each with its own 
limitations in terms of sensitivity. For reference, we have included a brief descrip-
tion of the questionnaires that have been utilized in the literature to define the preva-
lence of PAD (see below). They also recommend that these high-risk individuals 
undergo a through pulse exam as well as examination of their feet.

1.4.2.2  Claudication Questionnaires
The Rose/World Health Organization questionnaire was a field survey instrument 
designed to improve the definition of intermittent claudication for epidemiologic 
use [126]. The key characteristics of the survey include the presence of calf pain in 
one or both legs with walking that is not present with standing, exacerbation with 
exertion, and relief with rest. The San Diego Claudication Questionnaire [127] is a 
modified version of the Rose questionnaire which allows for the delineation of 
which leg is affected (right versus left), and also included thigh and buttock pain. 
The characterization of the pain also included atypical claudication pain, and incor-
porated pain, no pain, pain at rest, non-calf claudication, non-Rose calf claudica-
tion, and Rose claudication. These categories were further expounded by McDermott 
et al. [128], where those participants with pain at rest and exertion were further 
distinguished by their ability to walk through the discomfort. McDermott et al. also 
cautioned that one should distinguish between those who are asymptomatic because 
of physical inactivity versus a true lack of symptoms, since individuals with pain on 
exertion may limit their activity to avoid the discomfort, thus decreasing the detec-
tion of PAD. The Walking Impairment Questionnaire (WIQ) was designed to mea-
sure walking ability in patients with and without PAD. The questionnaire asks one 
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to report on their walking endurance (WIQ distance score), walking speed (WIQ 
speed score), and ability to climb stairs (WIQ stair-climbing score) [129]. The study 
found that there was a correlation between the WIQ distance score and the six-min 
walk score and between the WIQ speed score and the four-m walking velocity, sug-
gesting that these measures are more sensitive than prior questionnaires for the 
detection of PAD. Despite modifications of prior surveys, these epidemiologic sur-
veys have been acknowledged in studies comparing them with non-invasive tests as 
limited by a lack of sensitivity and reproducibility [130].

1.4.2.3  Diagnostic Vascular Studies
The ankle brachial index (ABI) is an objective, standardized measurement which 
has been used in epidemiologic studies to define the presence of lower extremity 
PAD. It is calculated with the patient in the supine position, at rest. The systolic 
blood pressures at the ankle at the dorsalis pedis and posterior tibial arteries as well 
as brachial arteries are measured, and the higher of the two ankle pressures is 
divided by the higher brachial artery blood pressure. An ABI of <0.90 is considered 
diagnostic for PAD. The ACC/AHA guidelines make a class I recommendation that 
all individuals who have symptomatic PAD or are considered high risk (older than 
50 years with a history of smoking or diabetes, or over 70 years of age) should 
undergo further testing with a bilateral ABI to confirm the diagnosis and to establish 
a baseline of degree of disease, based on level C evidence. Additionally, the toe- 
brachial index should be used to diagnose PAD in patients with non-compressible 
vessels, i.e., in diabetics and those with chronic renal insufficiency. Segmental pres-
sure measurements are useful to diagnose PAD and in determining the level of dis-
ease when an intervention is contemplated, level of evidence B. The cuffs are placed 
at the high thigh, low thigh, calf, ankle, and metatarsal level and a gradient above 
20 mmHg between levels is considered hemodynamically significant. Exercise test-
ing in the form of toe-tip exercise testing or treadmill exercise testing can be used to 
unmask PAD in those individuals with a normal ABI at rest. Both the pre- and post-
exercise ABIs should be compared to distinguish pseudoclaudication from claudica-
tion, level of evidence B. In the elderly who are not able to undergo exercise 
treadmill testing, a six-min walk test may be considered (Class IIb recommenda-
tion) to objectively assess the functional limitations due to PAD. Pulsed Volume 
Recordings can be useful to establish the diagnosis of PAD by measuring the amount 
of pulse blood volume passing through different levels of the leg (high thigh, low 
thigh, calf, ankle, metatarsal level), which correlates with blood flow, class IIa rec-
ommendation based on level B evidence. Duplex ultrasound can also be used to 
diagnose PAD as well as the location and severity of the lesions, class I recommen-
dation and level A evidence. CTA or MRA might be considered to delineate the 
exact location of the lesions, as well as for the determination of access sites, and 
should only be performed if revascularization is contemplated, based on level B 
evidence. Arteriography is reserved for those instances where revascularization is 
being considered for treatment of PAD, or if the Glomerular Filtration Rate (GFR) 
is limited in that the contrast load from a CTA is prohibitive, and the risk of 
 nephrogenic systemic fibrosis is too high to warrant MRA.
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1.4.3  Management of Symptomatic PAD

Symptomatic patients should undergo a vascular physical exam including mea-
surement of an ABI. If the resting ABI is normal in a symptomatic patient, then an 
exercise ABI should be performed, based on level B evidence. These guidelines 
state that revascularization should only be contemplated if the individual is signifi-
cantly functionally impaired and there is an absence of other diseases such as 
angina, heart failure, orthopedic issues, or respiratory issues which might limit 
their exercise capacity, based on level C evidence. The document further outlines 
that individuals with symptomatic PAD being evaluated for revascularization ther-
apy should be offered a supervised exercise regimen and pharmacotherapy, be 
given antiplatelet therapy and risk factor modification, have evidence of significant 
impairment because of PAD, and have an intervenable lesion with low risk and a 
high probability of success. They further state that an arteriogram is not necessary 
in patients with a normal post-exercise ABI, with the exception of unusual disease 
states such as entrapment syndrome or internal iliac artery disease, based on class 
C evidence.

1.4.4  Detection and Management of Asymptomatic PAD

There is a class I recommendation (Benefit>>>Risk) that the patient should 
undergo a thorough history and review of systems to elicit a history of walking 
impairment, claudication, rest pain, or tissue loss for those age 50 and older with 
atherosclerotic risk factors and all those age 70 and older, based on level C evi-
dence. This may also be informed by questions derived from the claudication ques-
tionnaires referred to in the literature and described above. Asymptomatic patients 
who are at high risk for PAD as defined above should undergo a focused pulse 
exam as well as examination of the foot. They recommend further evaluation using 
the ABI in suspected individuals with PAD, based on level B evidence. Based on 
level C evidence, in those patients with a normal ABI (0.90–1.30) who are asymp-
tomatic and do not have clinical evidence of atherosclerosis, an exercise ABI mea-
surement is reasonable in order to detect PAD. A toe-brachial index in conjunction 
with pulsed volume recordings is also reasonable to detect PAD in those patients 
with non-compressible vessels such as those with diabetes or end stage renal dis-
ease who have an ABI greater than 1.3.

Once identified, individuals with asymptomatic PAD benefit from therapeutic 
interventions to decrease the risk of associated cardiovascular outcomes such as 
myocardial infarction, stroke, and death, based on level B evidence. These include 
treatment optimization for diabetes, hypertension, and hyperlipidemia, as well as 
smoking cessation. Antiplatelet therapy can be initiated to further decrease future 
cardiovascular events, based on level C evidence. Based on level C evidence, initia-
tion of an Angiotensin Converting Enzyme inhibitor may be considered in those 
individuals with asymptomatic PAD to decrease cardiovascular morbidity.
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1.4.5  2011 ACCF/AHA Focused Update of the Guideline 
for the Management of Patients with Peripheral Artery 
Disease (Updating the 2005 Guideline)

In this focused update, use of the resting ABI in individuals in those at high risk of 
having PAD or suspected of having PAD, such as those who are 50 years and older 
with diabetes or smoking, individuals above the age of 65, and those with exertional 
leg symptoms or tissue loss, was supported by level B evidence. The most notable 
change is that the age of screening was modified to all comers older than 65 [124].

1.4.5.1  Summary of ACCF/AHA Guidelines
The use of resting ABI for PAD screening is recommended in those individuals 
deemed at high risk, such as those with exertional leg symptoms or tissue loss, or 
those with diabetes or smoking above the age of 50, or all individuals older than 65.

1.4.6  US Preventive Services Task Force Recommendation

The US Preventative Services Task Force is an organization that evaluates the 
efficacy of preventative measures in the asymptomatic patient population, taking 
into account the potential harms and benefits of the test. The 2005 USPTF docu-
ment recommended against screening for PAD, which was the same recommenda-
tion issued in 1996. The 2005 review, however, was limited to the symptoms and 
functional outcomes of PAD and did not evaluate the potential benefit of cardio-
vascular risk reduction. These weaknesses were addressed in an editorial which 
urged the USPSTF to reconsider their recommendations given the potential to 
reduce myocardial infarction, stroke, and death in patients who have been diag-
nosed with PAD [131]. The most recent USPSTF publication considered the 
potential effect of reducing future cardiovascular events, reviewed the evidence 
on the use of resting ABI alone for the diagnosis of PAD, and summarized its 
recommendations in a document published in 2013 [125]. It is important to note 
that they limited the population studied to asymptomatic adults seen in the pri-
mary care setting without PAD, cardiovascular disease, renal disease, or diabetes. 
They reasoned that patients with these disorders are already at high risk for car-
diovascular events, and therefore should already be treated with antiplatelet and 
lipid-lowering therapies, with little additional benefit offered with screen-detected 
PAD. They felt that ABI was a reliable measure of PAD in symptomatic patients, 
but the benefit of screening and treatment of asymptomatic PAD in low-risk indi-
viduals was unclear. In a randomized trial of asymptomatic individuals with a low 
ABI, aspirin did not confer any added benefit with regard to cardiovascular mor-
bidity [132]. They also point out that there is no data on the added benefit of lipid-
lowering therapy in asymptomatic PAD patients without cardiovascular disease or 
diabetes. Thus, they concluded that there was no evidence that early treatment of 
screen-detected PAD improved outcomes.
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1.4.7  Harms of Detection and Early Treatment

The USPSTF bases its recommendations on the potential harms and benefits of the 
screening tool. They did not find any studies which addressed the potential harms of 
screening for PAD with ABI. However, they acknowledge that the risks of the test 
itself are minimal. They list other potential harms such as false positive results, the 
need to undergo further testing via CTA or MRA for confirmation of the diagnosis, 
labeling, anxiety, and opportunity-related costs. The individual could undergo 
reclassification to a higher risk category, leading to additional therapies that may 
cause harm, or reclassification to a lower risk category, where discontinuation of 
therapies may be harmful. In addition, while earlier screening tests may allow for 
reduction of cardiovascular events, these identified individuals may never develop 
clinical signs of PAD, and yet may still be subjected to the harms of additional test-
ing and treatments. Their overall assessment was that there was insufficient evi-
dence to support screening via ABI for asymptomatic individuals without diabetes 
or cardiovascular disease, and therefore that the balance between risks and benefits 
could not be determined.

1.4.8  Cost

There is little cost associated with performance of an ABI. The main costs include 
the time to conduct the exam (15 min) and the staffing required to perform the test. 
Lost time on the part of the individual occurs as a result, potentially preventing them 
from undergoing other screening tests that may be beneficial for their health.

1.4.9  Summary of USPSTF Guidelines

The USPSTF current recommendation, aI statement, notes that there is insufficient 
evidence to evaluate the balance of harms and benefits in using ABI to screen for 
PAD in low-risk populations to prevent future cardiovascular morbidity.

Key Points
Abdominal aortic aneurysm
Undetected AAAs represent a major public health concern because of the high rates 
of mortality with rupture. Ultrasound imaging has emerged as a viable screening 
modality because of its high sensitivity and specificity, reproducibility, portability, 
safety, and affordability. While separate guidelines have been published by multiple 
societies and governmental agencies, they share a consensus for those populations 
considered at high risk, i.e., men aged 65–75 with a history of smoking. Controversy 
still exists over other subpopulations for which the data is inconsistent or lacking 
altogether, i.e., women, younger non-smoking men, and those with risk factors 
other than smoking or a strong family history. Improved definition of those popula-
tions at high risk who will most benefit from screening is needed.
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Carotid Stenosis
With the data available, the potential harms outweigh the benefits of population 
screening of adults, particularly elderly patients, for asymptomatic CAS. For this 
reason, this practice is discouraged by the major societal groups. Future work needs 
to be conducted with the goal of developing valid and reliable tools to determine 
which people are at high risk for CAS, as well as those who are at high risk for stroke 
once diagnosed with CAS. Once this population with a higher prevalence is identi-
fied, selective screening would prove more fruitful, as the positive predictive value of 
carotid DUS would increase and thus limit the false positives and unnecessary harms 
from further workup and interventions. While no current algorithm exists, it would 
be reasonable to adopt the approach of the SVS in terms of selective screening of 
asymptomatic patients with multiple risk factors for CAS at a point at which surgical 
intervention would be tolerated with minimal risk of perioperative stroke, MI, or 
death. Other areas of future work include comparing CEA and CAAS (carotid artery 
angioplasty and stenting) to current best medical practice to determine if there is 
truly a benefit from surgical intervention, which is being studied in CREST-2. These 
studies will also be more inclusive of a diverse patient sample, especially women and 
minorities, who were excluded from the three major RCTs of the 1990s.

Peripheral Artery Disease
In select high-risk populations (age older than 50 with diabetes or smoking, age 
older than 65, those with exertional leg symptoms or tissue loss), using ABI as a 
screening tool can be effective for the diagnosis of PAD, as traditional question-
naires have limited sensitivity, and the prevalence of PAD in these patients is high. 
It remains to be determined if ABI should be used to screen the asymptomatic popu-
lation without diabetes or cardiovascular or renal disease. Large population studies 
dedicated to better defining the prevalence and burden of asymptomatic, screen-
detected PAD are needed. Large population intervention studies are also needed to 
better define the potential harms and benefits of this screening test.
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2.1  General Changes Associated with Aging

In aging, multiple factors including biologic, genetic, environmental, and lifestyle 
choices effect longevity [1]. Elderly patients exhibit diminished physiologic 
reserves and often require exhaustion of these reserves to maintain homeostasis. 
Sarcopenia relates to nutrition and decreased muscle mass in elderly patients com-
pared to age-matched controls. It has been found to correlate with a markedly 
increased risk of mortality and morbidity [2, 3]. Muscle breakdown and anorexia 
occur due to an upregulation of IL-1, IL-6, and TNF-alpha [4, 5]. Sarcopenia is 
observed in more than half of patients over the age of 80 and leads not only to a loss 
of muscle mass but a decrease in strength and functionality [6, 7]. There is a shift in 
body mass from muscle to adipose tissue. This is associated with a loss of lean body 
mass and total body water. This has important implications when prescribing and 
dosing medications, resulting in higher average and peak plasma concentrations and 
decreased clearance [8]. Additionally, low albumin levels increase the free levels of 
drugs usually bound by albumin [9]. Given the patient population a vascular sur-
geon treats, the presence of sarcopenia should be given consideration when counsel-
ing patients as it equates to an approximate two- to threefold risk of complications 
and mortality compared to the nonsarcopenic patient.

Elderly patients have structural anatomical changes that significantly affect the 
physiology of individual organ systems. From a cardiopulmonary perspective, 
decreased chest wall compliance, maximum inspiratory and expiratory force, vital 
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capacity, mucociliary clearance, cough reflex, and autonomic response to hypoxia 
and hypercapnia [10, 11]. Due to changes in pulmonary compliance and incomplete 
elimination of anesthetics, one must remember respiratory drive may be decreased 
and aggressive pulmonary toilet must be incorporated. Upright positions and early 
mobilization must be employed to prevent atelectasis [10].

Cardiac changes include septal thickening, atrial and valvular dilation, and 
fibrosis of the conduction system [12]. Overall, elderly experience decreased con-
tractility, compliance, and arrhythmias. The most common cause of death in the 
perioperative elderly patient is cardiac in origin [13]. Myocardial infarction mor-
tality is increased in those over the age of 75 compared with those below 55, 
17.8% versus 2.0% [14]. It is vital to recall that a third of patients over 85 will 
present with classic chest pain during cardiac events, whereas nonspecific com-
plaints are more common heralding a cardiac event [15]. Preoperatively, ECG 
should be obtained, as well as cardiac clearance should the patient have known 
underlying cardiac disease. In most vascular procedures, cardiac medications can 
be continued and case-by- case decisions made regarding anticoagulation or anti-
platelet agents given the patient’s underlying disease and in conjunction with car-
diology recommendations. A multidisciplinary approach is recommended to 
prevent readmission, improve medication compliance, and improve the functional 
status of the patient [16].

These changes predispose vascular patients to reduced reserve during open oper-
ative cases where cavities are violated, proximal aortic clamping is required, and 
increased blood loss is expected.

Elderly patients often experience renal dysfunction with reduced glomerular 
filtration rate and are predisposed to volume overload [17], acute-on-chronic kid-
ney injury, and electrolyte abnormalities [18, 19]. The renal dysfunction in 
elderly patients should be carefully noted as postoperative renal dysfunction in 
the elderly is perhaps the single biggest risk factor for increased morbidity and 
mortality in our surgical elderly population [20, 21]. Knowing renal senescence, 
irreversible functional and structural changes associated with the kidneys of an 
aging patient, we must be cognizant of volume overload and electrolyte abnor-
malities, which are often exacerbated in the perioperative period [21]. Renal 
failure is not necessary to create a poor postoperative outcome as positive fluid 
balance alone is an independent risk factor for mortality in critically ill patients 
with acute kidney injury [22, 23].

The gastrointestinal system remains relatively unchanged in physiology com-
pared to those mentioned previously [24, 25]. Dysphagia is often noted in the peri-
operative period, but this is more so related to neurologic dysfunction [26]. 
Postoperative dysphagia, which can lead to aspiration, is often best addressed by a 
multidisciplinary team of nursing, speech therapy, and the surgical team if identified 
preoperatively, as aspiration precautions should be mandated in elderly patients 
who are high risk. H. pylori infection does demonstrate increased incidence with 
age, thus predisposing patients to gastritis and ulcers, but treatment is similar to that 
in younger patients. Some studies have noted a shortening of the villi and thus 
decreased surface area of the intestine with age, which may compound the 

J.M. Johanning et al.



37

malnutrition observed in older patients [27]. The presence of malnourishment is 
observed in 70% of hospitalized elderly patients and is associated with increased 
morbidity and mortality [28, 29]. Involuntary weight loss is often related to multi-
factorial risk factors in this patient population [30, 31], but most importantly unin-
tentional weight loss has been repeatedly demonstrated in the literature to be 
predictive of poor outcomes.

2.2  Preoperative Evaluation of the Surgical Patient: Risk 
Assessment and Counseling

Consistent with appropriate clinical care, every patient should undergo a thorough 
history and physical examination, as well as directed evaluation focusing on their 
underlying comorbidities and extent of necessary operation. Emerging evidence 
suggests that an objective risk assessment to identify the frail patient can guide 
decision-making in the preoperative setting, and is important considering 60% of 
operative interventions performed are done for patients over the age of 65 [32].

Frailty is now a recognized geriatric syndrome that is a strong predictor of post-
operative outcomes [33–36]. Frailty, although similar to the previously mentioned 
sarcopenia, is defined broadly by the presence of one or more of the following: 
physiological comorbidities, cognitive, physical function, and nutritional and social 
decline leading to an inability to tolerate physiologic insults. As frailty has become 
recognized as perhaps the single biggest global risk factor for poor surgical out-
comes including mortality, morbidity, length of stay, and readmission rate, it 
behooves the vascular surgeon to know the basis for assessing frailty in the surgical 
patient and have the ability to apply frailty identification in surgical practice. Two 
classic approaches have been utilized to assess the surgical patient for frailty preop-
eratively. The first is to identify the frailty phenotype, which relies heavily on sarco-
penic assessment. This is performed using the classic Fried assessment consisting 
of grip strength, walking speed, exhaustion, and leisure time assessment question-
naires. This approach, although time-consuming taking 20–30 min to complete, has 
now been clearly documented with markedly increased negative outcomes in surgi-
cal patients. The Fried-Hopkins frailty index, when compared to standard risk pre-
diction models, improved the predictive power of associated perioperative risk. 
Those identified as frail showed increased risk of complications, length of stay, and 
discharge to facility [35, 36]. The second approach popularized by Rockwood is 
referred to as the deficit accumulation index (DAI). Several DAI tools are available 
to assess the presurgical patient including the Risk Analysis Index, the FRAIL 
scale, and mFI. All of the tools rely on simple powerful questions that are nonphysi-
ologic in nature but have high prognostic validity and have been explored in the 
vascular surgery patient population. Alluding to the strength of this approach, both 
the Risk Analysis Index (RAI) and Modified Frailty Index (mFI) have been used to 
assess national outcome databases to demonstrate that poor outcomes in carotid and 
aneurysm patients, respectively, can be predicted by assessing the frailty status of 
the preoperative patient. In specific cases such as carotid endarterectomy where 
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outcomes are of utmost importance, recent data suggests it is very important that 
frail patients are informed of the risk-benefit ratio of the proposed procedure, espe-
cially asymptomatic patients. Data suggests that higher RAI or frailty scores were 
correlated with higher morbidity and mortality than the “acceptable” risk of under-
going CEA Carotid Endarterectomy defined by preceding trials. The utility of this 
approach is the ease of administration of the tool, which takes less than five min to 
administer. This simple tool provides the surgeon the ability to identify the patient 
at marked increased surgical risk in an objective and systematic fashion and provide 
specific counseling to the patient. This in particular has been used to identify the 
frail patient in a busy clinic and provides an indicator for an opportunity to refer the 
patient to the palliative care team for discussions on goals of care to best honor the 
patient’s preferences [32].

Special mention regarding cognitive dysfunction is necessary given our 
patients’ age and prevalence of this condition postoperatively. Surgeons must be 
mindful of postoperative cognitive impairment in elderly patients. The literature 
suggests that postoperative delirium, an acute change in cognition characterized 
by fluctuating attention and consciousness, has an incidence of 36–75% in older 
adults [37, 38]. Although this is often recognized in our patients, it has been 
shown to correlate with prolonged length of stay, delayed recovery, and increased 
morbidity and mortality [39]. Although multiple factors may contribute to postop-
erative delirium, Inouye et al. have identified five independent risk factors: base-
line dementia, vision impairment, physical restraints, functional impairment, and 
a high number of comorbidities [40]. One may perform the Mini Mental Status 
Exam, Abbreviated Mental Test, or Confusion Assessment Method to confirm the 
diagnosis and follow improvement or decline. In an effort to combat delirium, we 
should monitor and correct dehydration and infectious etiology and return glasses 
and hearing aids to patients as early as possible. To treat acutely, haloperidol can 
be used, but if ineffective, lorazepam should be considered [39]. Lastly, normal-
ization of sleep-wake cycle may also be useful. Postoperative cognitive dysfunc-
tion may occur later in the postoperative course. It is often more subtle compared 
with delirium but may be more longstanding. It is characterized by impairment of 
memory, concentration, and social integration. The literature states that 25% of 
patients were noted to have postoperative cognitive dysfunction and it remained 
in 10% at 3 months [41]. Similar to delirium, cognitive dysfunction is also related 
to increased morbidity and mortality [42]. The use of general anesthesia, multiple 
comorbidities, and poor functional status is associated with increased risk of cog-
nitive dysfunction [43]. Diagnosis is difficult due to lack of uniform criteria and 
is often confused with features of Alzheimer’s, and even when diagnosed there is 
no uniform evidence for successful treatment [39, 44].

Those who are identified as frail should ideally undergo a comprehensive geriat-
ric assessment and have a palliative care consultation in conjunction with the stan-
dard physiologic workup. This approach will allow the vascular team to incorporate 
shared decision-making and discussion of increased morbidity and mortality com-
pared to the nonfrail patient; develop a comprehensive treatment plan; provide 
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simple pre-, intra-, and postoperative interventions to improve outcomes; and ulti-
mately increase the communication amongst providers regarding treatment of the 
high risk patient [40]. An excellent roadmap has been generated by the American 
College of Surgeons in collaboration with the American Geriatrics Society to create 
guidelines for the workup of the elderly frail patient. The comprehensive geriatric 
assessment should not be looked at as an all-or-none endeavor but rather that indi-
vidual sections of the Comprehensive Geriatric Assessment (CGA) can be chosen a 
la carte based on the needs of the individual patient [45, 47].

Alluding to the usual sound clinical judgment, mortality rates for elective 
operations in the elderly are similar to those in younger cohorts; however, this is 
not applicable in emergent cases. Emergent cases are both more prevalent in 
elderly patients and carry a much higher morbidity and mortality when compared 
with younger patients [48–51]. Furthermore, many postoperative elderly patients 
require discharge to facilities and experience a significant decrease in indepen-
dence [51, 52]. Taken in total, the data stresses the importance of screening and 
optimization of elderly patients who must undergo surgical intervention. 
Additionally, this should encourage us to have appropriate and candid discus-
sions and place emphasis on shared decision-making regarding appropriate risk 
and end-of-life care.

2.3  Optimization of the Preoperative Patient

Once a surgeon identifies a patient being at higher risk due to physiological comor-
bidities, and cognitive, social, physical, or nutritional dysfunction, an attempt 
should be made to address the underlying cause of the dysfunction and ameliorate 
the perioperative stress. Preoperative patient comorbidities are common, and once 
identified, the treatment of pulmonary, cardiac, and renal dysfunction should be 
addressed through appropriate consultations and medical management, the scope of 
which is beyond this chapter. From a frailty perspective, the ability to reverse or 
ameliorate the individual aspects of dysfunction is in its infancy, and it is expected 
over the next decade that intense research and trials will occur to address the ability 
of interventions to improve the outcomes in this vulnerable population. Current 
evidence demonstrates that individual interventions can improve the underlying 
dysfunction if given adequate time. Given that many vascular surgery patients are 
elderly and many are frail, the obvious question to ask is whether preoperative 
frailty is a modifiable risk factor. Data in community-dwelling patients suggests that 
frailty in fact is a syndrome where a patient can fall in and out of frailty over time. 
Thus, it would appear that frailty can be modified. What remains to be seen is 
whether the modification can be made for the vascular surgery patient who is often 
in a situation where delaying elective procedures is not an option, such as symptom-
atic carotid disease or rest pain. However, there are situations where a person who 
is frail may benefit from preoperative intervention, including elective abdominal 
aortic aneurysm repair depending on aneurysm size and asymptomatic carotid 
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artery. Individually, the frailty domains of social, cognitive, nutritional, and physi-
cal function have not been widely studied in frailty specific populations. Perhaps the 
easiest and most promising route of intervention is that of nutrition. A recent pilot 
randomized study in colon cancer patients has shown the ability of nutrition coun-
seling plus whey protein to significantly improve physical function in the form of 
walking. A similar pilot study combining nutritional counseling with anxiety reduc-
tion demonstrated postoperative walking to be significantly improved in the inter-
vention arm. Thus, it seems nutritional intervention may be a likely target for 
patients that is relatively easy to administer, but it is yet unknown whether improve-
ments in surgical outcome will occur. In contrast to nutrition, where human inter-
vention is well accepted and reasonable, postoperative cognitive dysfunction is 
thought to be associated with a neuroinflammatory state with upregulation of IL1- 
Beta, IL-6, and TNFalpha. Several substances including lithium and candesartan in 
the aged rat model have proven to be neuroprotective after laparotomy, and suggest 
a potential avenue for tackling this vexing problem. Socially, little has been done in 
the way of intervention, but data from cardiac surgery suggests those patients with 
high levels of social deprivation are expected to have worse outcomes. Although 
frailty itself is reflective of systemic dysfunction by multiple systems, it is perhaps 
the best treatment preoperatively, being a wide and diverse approach as advocated 
by the Proactive care of older people undergoing surgery (POPS) study by Harari 
et al. [52]. Using multidisciplinary preoperative CGA service with postoperative 
follow-through, the authors demonstrated marked improvements in surgical out-
comes including delirium, pneumonia, and pain control. These findings were 
repeated in both Scotland and Nebraska, where coordination of preoperative care 
among a diverse and collaborative team resulted in markedly improved outcomes 
for frail elderly patients. Thus, as the literature stands there is no magic pill to 
reverse frailty or single interventions to markedly improve outcomes. However, 
growing evidence suggests that multimodal intervention through increased com-
munication and use of geriatric or palliative care consultations holds promise to 
significantly improve surgical outcomes.

Key Points

• Vascular surgery is a challenging specialty, with the average age of our patients 
being >65 years. Thus, a knowledge of the physiological changes in the arterial 
system is of significant importance to the vascular surgeon.

• Given the multiple comorbidities present, it is crucial for the vascular surgeon to 
be able to identify the frail vascular patient with comorbidities and improve the 
outcomes of operations by optimizing the comorbid conditions.

• Vascular surgery broadly encompasses interventions related to arterial, venous, 
and lymphatic pathophysiology. The vascular surgeon establishes a diagnosis 
and a therapeutic plan and then must determine whether elective, urgent (24–
72 h), or emergent intervention is warranted. In the case of urgent or elective 
interventions, time may allow for a more extensive preoperative evaluation.
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• Vascular patients by default due to multiple comorbidities often require exten-
sive workup. When coupled with the average age of the vascular patient, it 
becomes clear that vascular surgeons are often intervening on the multiple 
chronic condition elderly patient, and thus the recognition of changes associated 
with aging is paramount in our specialty.
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3Anesthetic Considerations for Elderly 
Patients Undergoing Vascular Surgery

Shashank Saxena

By 2030, one in five Americans will be aged 65 or older, nearly double the 12% in 
2000 [1]. Lower extremity peripheral arterial disease (PAD) is now known to be 
associated with equal morbidity and mortality and comparable (or higher) health 
economic costs as coronary heart disease (CHD) and ischemic stroke [2, 3].

In contrast to coronary heart disease, relatively few genetic variants that influence 
susceptibility to PAD have been discovered due to greater clinical and genetic hetero-
geneity in PAD [4]. However, prolonged longevity will reveal physiologic strength, 
clinical variability, and genetic differences among individuals. Studies have revealed 
the prevalence of PAD to be 4.7% between the ages of 60 and 69 years, and 14.5% 
for the ages of 70 years and older [5]. In age- and gender- adjusted logistic regression 
analyses, black race/ethnicity, current smoking, diabetes, and poor kidney function 
were positively associated with prevalent PAD [5]. More than 95% of persons with 
PAD had one or more cardiovascular disease risk factors.

Modifiable risk factors in PAD include smoking, high blood pressure, hyperlip-
idemia, physical inactivity, obesity, diabetes, increased homocysteine levels [6], and 
hypothyroidism [7]. Judicious use of beta blockers, antiplatelet therapy, angiotensin- 
converting enzyme (ACE) inhibitors, statins is recommended for all patients with 
peripheral vascular disease. Decision to hold Acetylsalicylic Acid (Aspirin) (ASA), 
statins, ACE inhibitors should be made in conjunction with the surgical team on a 
case-to-case basis.

The prevalence of coronary artery disease (CAD) in PAD patients ranges from 
14% to 90%, which clearly reflects differences in sensitivity of the detection tech-
nique for CAD [8]. In another study, 30% of all patients scheduled for aortic aneu-
rysm resection, lower extremity revascularization, or extracranial reconstruction 
have severe CAD [9].
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Preoperative assessment should take into account all the factors listed above. 
Preoperative testing should be based on the degree of medical optimization of pre- 
existing diseases, nature of planned surgery, and the likelihood of substantial hem-
orrhage and disruption of the autonomic homeostasis of hemodynamic and 
metabolic function. The purpose of this chapter is to make the reader understand the 
standard preoperative assessment for patients undergoing vascular surgery and to 
familiarize them with anesthetic considerations for the most common vascular sur-
gery procedures.

3.1  Local Anesthesia and Regional Anesthesia

3.1.1  Pathophysiology and Pharmacology Related to Aging

It is widely accepted that complex interaction in older patients between subtle 
changes in pharmacodynamics and altered age-related pharmacokinetics are respon-
sible for drug effect.

Densities of myelinated and unmyelinated axons decrease markedly from birth 
to the end of the eighth decade, due to increasing size and separation of fibers during 
the first decade, axonal degeneration, and an increase in endoneurial collagen in the 
older age groups [10]. The conduction velocity in peripheral motor and sensory 
nerves slows progressively with advancing age. Spinal cord CVs decline sharply 
after age 60 [11]. These changes lead to increased sensitivity to local anesthetics in 
the elderly, reflecting changing pharmacodynamics in old age.

Age-related changes in pharmacokinetics of local anesthetics result in reduced 
clearance of local anesthetics. Free lidocaine concentration is prone to increase in 
elderly patients during continuous thoracic epidural anesthesia [12]. In a study by 
Veering et al. [13], pharmacokinetics of aging had minimal, if any, effect on the 
peak plasma concentration and the corresponding peak time after the epidural 
administration of bupivacaine. It demonstrated a marked effect of age on the clear-
ance and a moderate effect on the terminal half-life of bupivacaine. However, this 
did not translate into a higher potential for systemic toxicity, since toxic threshold 
concentrations may alter with age. This study also showed faster caudad analgesia 
in older patients.

Elderly patients also have increased cephalad analgesia level than younger 
patients. This may be related to the decreased lateral escape of the local anesthetic 
solution due to the sclerotic intervertebral foramina.

A moderate correlation between the maximal cephalad height of analgesia and 
the age of the patients has been shown in various studies [13, 14].

Age did not influence the rate of regression of analgesia or the total time for 
recovery from analgesia. Neither could age be shown to affect the degree or time to 
recovery from motor blockade. However, a recent study by Paqueron et al. [15] 
showed age is a major determinant of duration of complete motor and sensory 
blockade with peripheral nerve block, perhaps reflecting increased sensitivity to 
local anesthetic agents (Fig. 3.1).
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3.1.2  Procedure-Specific Local and Regional Anesthesia

3.1.2.1  Arteriovenous Access for Hemodialysis and Permanent 
Vascular Access

Peripheral subcutaneous AV fistula or prosthetic graft is the current procedure of 
choice for patients requiring permanent hemodialysis access. The procedure is per-
formed in supine position and is usually performed under local anesthesia with 
intravenous sedations. Elderly patients with chronic renal failure may present a 
great challenge to the anesthesiologists. Conditions like congestive heart failure, 
systemic hypertension, electrolyte imbalances, undetermined intravascular fluid 
volume status are fairly common in this age group. The presence of concomitant 
dementia, poor baseline cognitive function may make sedation and local anesthesia 
inadequate choice. In such patients, consideration should be made for brachial 
plexus block using an ultrasound-guided supraclavicular or infraclavicular approach. 
In a study by Mizrak et al. [16] when used for Arteriovenous Fistula (AVF) access 
surgery, infraclavicular brachial plexus block provides higher blood flow in the 
radial artery and AVF than is achieved with infiltration anesthesia. In another study 
by Malinzak and Gan [17, ] it was also concluded that use of regional blocks may 
improve the success of vascular access procedures by producing significant vasodi-
latation, greater fistula blood flow, sympathectomy-like effects, and decreased mat-
uration time. Significant vasodilation after regional block administration is seen in 
both the cephalic and basilic veins. These vasodilatory properties may assist with 
AVF site selection.

3.1.2.2  Minimally Invasive Vascular Surgery: Peripheral Arterial 
Stent Placement and Carotid Stent Placement

Anesthesia for peripheral arterial stent placement can be administered with intrave-
nous moderate sedation and local anesthetic at the puncture site. A common 
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Fig. 3.1 The age of all patients (x-axis) in the elderly and young groups and complete sensory 
(CSB, a) or motor block (CMB, b) duration (y-axis) are shown. Postoperatively, sensory and motor 
blocks were assessed hourly for 9 h after time zero. Recovery from sensory and motor blocks was 
defined as any score greater than zero in any distribution of the radial, median, musculocutaneous, 
or ulnar nerve. The durations of complete sensory and motor blockade were calculated for each 
patient as follows: (onset time to a complete sensory or motor block) – (time of recovery from 
complete sensory or motor block). Durations of complete sensory (ρ = 0.56; P < 0.05) were signifi-
cantly correlated with aging (Adapted from Paqueron et al. [15]; with permission)
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combination for sedation is 1–2 mg of midazolam (Versed) and 25–50 mcg of fen-
tanyl, depending on the patient’s size and response. Standard ASA monitoring with 
Monitored Anesthesia care is used for these procedures.

The anesthetic technique for Carotid artery stent involves minimal sedation with 
minimal or no midazolam as excessive sedation may contribute to hypotension in 
the post stent placement phase. Activated clotting time (ACT) is measured. After a 
baseline ACT, a small heparin bolus is administered IV to achieve an ACT of 
approximately twice as normal (250–300 s) to prevent thromboembolic complica-
tions. Protamine should be immediately available to treat hemorrhage, although it is 
not routinely used for the reversal of anticoagulation at the end of the case. Often an 
oral antiplatelet drug (ticlopidine, clopidogrel, or abciximab) is also given.

The anesthesiology team should also anticipate excessive bradycardia with 
carotid balloon angioplasty necessitating the pre-emptive use of Atropine 0.4–
0.8 mg or Glycopyrollate 0.2–0.4 mg.

3.1.2.3  Lower Extremity Vascular Procedures Including Vein 
Stripping and Perforator Ligation, Lower Extremity Vascular 
Bypass, Amputation Procedures of the Lower Extremity

The lower extremity vascular procedures can be ideally performed under regional 
anesthesia. Regional anesthesia involves spinal, epidural anesthesia, lumbar plexus 
anesthesia, and regional nerve blocks involving the sciatic, femoral, popliteal fossa 
nerve blocks, and ankle blocks.

Vascular operations for the lower extremity constitute infrainguinal arterial bypass 
procedures. Use of an autogenous vein provides the best conduit for infrainguinal arte-
rial bypass procedures. The principle is to have an inflow target that has no significant 
disease proximal to it that can interfere with the inflow into the bypass. The inflow 
vessel is usually the common femoral artery, profunda femoris artery, the superficial 
femoral artery, the popliteal artery, and, in some less common instances, one of the 
tibial vessels. The target recipient artery is either the popliteal artery or tibial, peroneal, 
or pedal vessel. These can be approached at the level of the knee or below with a medial 
incision or at mid tibial/malleolus level depending on the target. It requires administra-
tion of 10,000 units of heparin prior to distal anastomosis, followed by proximal anas-
tomosis, arteriogram, partial reversal of heparin, and closure.

Spinal anesthesia provides excellent analgesia but since surgery can be unpre-
dictable in complexity and duration, it may be beneficial to either perform a con-
tinuous spinal anesthesia [18, 19] with an intrathecal catheter or perform a combined 
spinal/epidural or just lumbar epidural catheter [20]. This allows the duration of 
anesthesia to be extended and may also provide postoperative analgesia. Surgical 
anesthesia involves L1–4 dermatomes, and a dermatomal level of T10-T12 is 
required. Hoff et al. [21] showed that spinal anesthesia using bupivacaine and tetra-
caine mixed in a single-injection technique can last 5 h at the T12 level without 
added untoward effects when compared with lower dose spinal anesthetics. Cautious 
fluid administration and vasoconstrictors use will limit fluid overload in elderly 
patients especially after sympathectomy resolves. Strict adherence to American 
Society of Regional Anesthesia (ASRA) anticoagulation guidelines as mentioned in 
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the previous section should be practiced before performing spinal anesthesia and 
prior to removal of the epidural catheter.

Yazigi et al. [22] showed in a series of 25 patients that infrainguinal bypass can 
be safely performed with combination femoral and sciatic nerve blockade without 
conversion to general anesthesia (GA). They [23] further did a prospective, ran-
domized study comparing peripheral nerve blockade with general anesthesia for 
infrainguinal bypass and showed a statistically significant reduction in intraopera-
tive myocardial ischemia in the group randomized to peripheral nerve blockade. 
Local anesthesia [24] and a combination [25] of a psoas compartment block, sciatic 
nerve block, and ipsilateral T12-L1 paravertebral block has also been shown to be 
successful in performing lower limb vascularization surgeries.

Thus local anesthesia and regional nerve blocks can be safely used for lower 
extremity vascularization procedures but larger randomized trials are needed to 
confirm the benefits over spinal and general anesthesia. The regional nerve blocks, 
neuraxial anesthesia, and local anesthesia are limited in their benefits in patients 
with moderate to severe chronic low back pain and in elderly patients with demen-
tia, as such patients may be difficult to sedate and may require general anesthesia to 
perform the surgical procedures safely.

Considerable controversy exists over benefits of regional anesthesia over general 
anesthesia and many institutions have established different standards of care in 
managing anesthetic care for patients undergoing the above procedures. The goal of 
the following section is to clearly state the benefits of regional anesthesia in vascu-
lar surgery and specifically to geriatric population.

The advantages of spinal and epidural anesthesia using local anesthetic and/or 
opioids include avoidance of airway manipulation and pulmonary morbidity, and 
lower blood loss, which leads to reduction of the surgical stress response [26–28]. 
Urinary cortisol excretion, a marker of the stress response, was significantly dimin-
ished during the first 24 postoperative hours in the group receiving epidural anes-
thesia in a landmark study by Yeager et al. [29]. Reduction of surgical stress response 
leads to stable hemodynamics, reduced hypercoagulability, better wound healing, 
and less immunosuppression.

Further, vasodilation, secondary to sympathetic blockade, should be particularly 
helpful in sustaining graft patency.

In the Perioperative Ischemia Randomized Anesthesia Trial (PIRAT) [30], 100 
patients were randomized to undergo lower extremity grafts under either epidural or 
general anesthesia found that revascularization rate was high in the GA group. 
Rosenfeld et al. [31], using patients from the PIRAT study, reported an increase in 
plasminogen activator inhibitor (PAI-1) in the general anesthesia patients but not in 
the regional anesthesia patients on the morning after surgery (Fig. 3.2).

A review of retrospective, prospective, and meta-analysis studies by Moraca 
et al. [32] showed significant reduction in perioperative cardiac morbidity (30%), 
pulmonary infections (40%), pulmonary embolism (50%), ileus (2 days), acute 
renal failure (30%), and blood loss (30%). Potential complications related to epi-
dural anesthesia/analgesia ranged from minor issues like transient paresthesias 
(10%) to rare potentially devastating epidural hematomas (0.0006%).
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Thoracic epidural analgesia can enhance bowel motility not only by producing 
pain relief and lessening the systemic stress response, but also by creating a sympa-
thectomy, resulting in unopposed parasympathetic innervations to the gut. 
Sympathetic stimulation, pain, opioids, nitrous oxide, inhalation anesthetics, and 
increased endogenous catecholamines all contribute to postoperative ileus, and all 
are blunted in patients treated with perioperative thoracic epidural analgesia [33].

Chery et al. [34] showed in a retrospective review of 407 consecutive patients 
who underwent above- or below-knee amputations at a single center. The study 
showed that regional anesthesia group which has older patients (76.6 vs.71.6) 
was associated with a lower incidence of overall postoperative pulmonary com-
plications and postoperative arrhythmia. Duration of stay in the intensive care 
unit and hospital was significantly longer in the group receiving general anes-
thesia. No significant differences in postoperative myocardial infarction, venous 
thromboembolism, or mortality were seen between groups. Regional anesthesia 
included either spinal or combined spinal and epidural anesthesia. Nerve blocks 
were not used.

Singh et al. [35] did an analysis of a prospectively collected database by the 
National Surgical Quality Improvement Program (NSQIP) of the Veterans Affairs 
Medical Centers of all patients from 1995 to 2003 in the NSQIP database who 
underwent infrainguinal arterial bypass. Their results revealed that compared with 
general endotracheal tube anesthesia, spinal anesthesia (SA) was associated with 
superior 30-day graft patency, fewer cardiac events in patients without congestive 
heart failure but with normal functional status, less postoperative pneumonia, and 
decreased odds of returning to the operating room. In contrast, SA was significantly 
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Fig. 3.2 Plasminogen activator inhibitor-1 levels in activity units per milliliter for general and 
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better than epidural anesthesia only in the incidence of return to the OR. There was 
no significant difference in 30-day mortality among the three groups with univariate 
or multivariate analyses.

The use of neuraxial regional anesthesia (epidural) has shown to decrease inci-
dence of elevated intraoperative blood pressure and variability in heart rate and 
blood pressure when compared to general anesthesia [36].

However, later Ghanami et al. [37] did observational analysis of 5642 patients to 
evaluate the effects of regional versus general anesthesia for infrainguinal bypass. 
The study showed no evidence to support the systematic avoidance of general anes-
thesia for lower extremity bypass procedures. In particular, graft thrombosis was 
found in 7.3% of patients, with an equal rate in both groups. Pulmonary morbidity 
occurred in 4% of patients and the rate of cardiovascular complications was 2.8% 
of general anesthesia patients and 2.2% of regional anesthesia patients. Venous 
thromboembolism rates were similar. These data suggest that anesthetic choice 
should be governed by local expertise and practice patterns.

Although neuraxial techniques confer some protection in the reduction in the rate of 
thromboprophylaxis as eluded in the PIRAT trial and large study by Singh et al., antico-
agulant therapy has a major role in the in the maintenance of vascular graft patency in 
the perioperative period. Since anticoagulation has an important role in the decision 
making for neuraxial anesthesia, it is important to review the 2010 American Society of 
Regional Anesthesia and Pain Medicine Evidence-Based Guidelines (Third Edition) on 
regional anesthesia in patient receiving anticoagulant therapy and compare them with 
the latest guidelines published in Regional Anesthesia Pain Medicine 2015 [38]:

 1. Combining neuraxial techniques with intraoperative anticoagulation with hepa-
rin during vascular surgery is acceptable with the following recommendations 
(Grade 1A):
 (a) Avoid the technique in patients with other coagulopathies.
 (b) Delay heparin administration for 1 h after needle placement.
 (c) Remove indwelling neuraxial catheters 2–4 h after the last heparin dose and 

assess the patient’s coagulation status; re-heparin 1 h after catheter removal.
 (d) Monitor the patient postoperatively to provide early detection of motor 

blockade and consider use of minimal concentration of local anesthetics to 
enhance the early detection of a spinal hematoma.

 (e) Currently, insufficient data and experience are available to determine if the 
risk of neuraxial hematoma is increased when combining neuraxial tech-
niques with the full anticoagulation of cardiac surgery. We suggest postop-
erative monitoring of neurologic function and selection of neuraxial solutions 
that minimize sensory and motor block to facilitate detection of new/pro-
gressive neurodeficits.

Although the occurrence of a bloody or difficult neuraxial needle placement 
may increase risk, there are no data to support mandatory cancelation of a case. 
Direct communication with the surgeon and a specific risk-benefit decision 
about proceeding in each case is warranted.
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 2. There are no current contraindications to using neuraxial techniques in patients 
on subcutaneous heparin prophylaxis twice daily. Since there is no apparent 
difference between twice-daily subcutaneous unfractionated Heparin (UFH) 
with concurrent use of compression devices and thrice-daily subcutaneous UFH, 
it is advised that patients not receive three times a day of subcutaneous UFH 
while epidural analgesia is maintained. Rather, such patients can continue to be 
treated with twice-daily subcutaneous UFH and the use of compression devices.

 3. Because heparin-induced thrombocytopenia may occur during heparin admin-
istration, we recommend that patients receiving heparin for more than 4 days 
have a platelet count assessed before neuraxial block and catheter removal.

 4. For patients on low-molecular-weight heparin (LMWH), needle placement 
should occur at least 12 h after the last thromboprophylactic dose of LMWH 
and at least 24 h after the last therapeutic dose (enoxaparin 1 mg/kg every 12 h, 
enoxaparin 1.5 mg/kg daily, dalteparin 120 U/kg every 12 h, dalteparin 200 U/
kg daily, or tinzaparin 175 U/kg daily).

 5. In patients administered a dose of LMWH 2 h preoperatively (general surgery 
patients), we recommend against neuraxial techniques because needle place-
ment would occur during peak anticoagulant activity.

 6. The presence of blood during needle and catheter placement does not necessi-
tate postponement of surgery. We suggest that initiation of LMWH therapy in 
this setting should be delayed for 24 h postoperatively and that this consider-
ation be discussed with the surgeon.

 7. Warfarin therapy should be discontinued 4–5 days before block placement, and 
coagulation status should be checked.

 8. Clopidogrel should be discontinued for 7 days and ticlopidine for 14 days prior 
to neuraxial anesthesia.

 9. In a patient on oral anticoagulation with warfarin, discontinue oral anticoagula-
tion and verify PT normalization before neuraxial block. Monitor the PT and INR 
daily. Remove indwelling neuraxial catheters when the INR is <1.5 in order to 
assure that adequate levels of all vitamin-K-dependent factors are present.

 10. In a patient on Fondaparinux, until additional clinical information is obtained, 
neuraxial techniques should be performed and managed under conditions uti-
lized in clinical trials (single needle pass, atraumatic needle placement, and 
avoidance of indwelling neuraxial catheters). If this is not feasible, an alternate 
method of prophylaxis should be utilized.

 11. While ASRA guidelines from 2010 provide no contraindication to performance 
of neuraxial blocks in patients taking ASA and NSAIDs, there are specific 
guidelines for high-risk (interventional pain) procedures as per guidelines pub-
lished in 2015 in Regional Anesthesia and Pain Medicine. At our institution we 
perform neuraxial blocks routinely on patients taking ASA and NSAIDs with-
out stopping either of them. Please examine recommendations from 2015 
closely and refer to Table 3.1.

Although regional anesthesia (spinal and epidural anesthesia) has desirable 
effects, there is no sufficient data to recommend regional anesthesia over general 
anesthesia. With the advent of new anesthetic agents, general anesthesia can be 
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safely used with attention to detail throughout the perioperative period and aggres-
sive management of hemodynamic changes.

It is clearly evident that severe pain after amputation is clearly associated with a 
higher prevalence of post-amputation pain [39, 40]. While there are numerous stud-
ies available showing decrease in incidence of phantom limb pain (PLP) [41, 42] 
with perioperative epidural analgesia, there are studies [43] which refute this obser-
vation. In a recent study by Karanikolas et al. [44, ] optimized epidural analgesia or 
intravenous PCA, starting 48 h preoperatively and continuing for 48 h postopera-
tively, decreases PLP at 6 months.

3.2  General Anesthesia

All other major vascular procedures are performed under general anesthesia. In this 
section we will discuss preoperative assessment, pathophysiology, and pharmacol-
ogy relevant to geriatric anesthesia and then in various subsections we will discuss 
vascular surgery-specific anesthesia management.

Table 3.1 Recommended time intervals for commonly prescribed anticoagulants

Drug Half-life Time of discontinuation
Time of resumption 
after pain procedure (h)

Coumadin 36–42 h 5 days and NR 
normalization

24

IV heparin 60–90 min 4 h 2

Subcutaneous 
heparin BID/TID

60–90 min 8–10 h 2

LMWH 4.5 h, but prolonged 
in renal failure

24 h 24

Fondaparinux 21 h 4 days 24

Darbigatron 8–17 h 4–5 days 24

Rivaroxaban 9–13 h 9–13 h 24

Apixaban 15 ± 8.5 h 3–5 days 24

Clopidogrel 6 h 7 days 24

Prasugrel 2–15 h 7–10 days 24

Acenocoumarol 11 h 3 days and INR 
normalization

24

ASA 6–20 h 6 days (primary 
prophylaxis) for 
high-risk procedure

24

NSAIDS Variable 5 half-lives for 
high-risk procedures

24

Adapted from Ref. [39]
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3.2.1  Preoperative Assessment

Patients undergoing peripheral and major vascular surgery constitute a particular 
challenge, as these patients have high prevalence of significant coronary artery dis-
ease. The usual symptomatic presentation for coronary artery disease in geriatric 
patients with vascular disease may be obscured by exercise limitations imposed by 
advanced age, intermittent claudication, or both. Perioperative hemodynamic changes 
like increases in blood pressure and heart rate, elevated preload, increased contractil-
ity, hypotension, tachycardia, anemia, and hypoxemia can predispose to myocardial 
ischemia, which is more pronounced in patients with underlying coronary disease.

The current standards for preoperative cardiac evaluation of these patients are 
the guidelines published by the American College of Cardiology (ACC) and these 
were revised in 2007 [45] and again in 2014 [46].

The 2007 Guidelines defined cardiac risk as combined incidence of cardiac death 
and nonfatal myocardial infarction and stratified it into low, intermediate (including 
carotid endarterectomy), and high risk (surgery for peripheral vascular diseases, 
aortic and other major vascular surgeries). In the absence of active cardiac condi-
tions in a patient undergoing low-risk surgery, there was no indication for any fur-
ther testing. The 2007 guidelines recommended that in patients undergoing 
intermediate risk or vascular surgery procedure, the presence of clinical risk factors 
determine further approach if their functional capacity was unknown or less than 
4METS. Further invasive testing in patients undergoing vascular surgery should be 
considered only if it will change management.

The 2014 ACC guideline states that because recommendations for intermediate- 
and high-risk procedures are similar, classification into two categories, namely, low 
and elevated risk, simplifies the recommendations without loss of fidelity. A low- 
risk procedure is one in which the combined surgical and patient characteristics 
predict a risk of a major adverse cardiac event (MACE) of death or myocardial 
infarction (MI) of <1%. The lowest-risk operations are generally those without sig-
nificant fluid shifts and stress. Plastic surgery and cataract surgery are associated 
with a very low risk of MACE. Procedures with a risk of MACE of >1% are con-
sidered elevated risk. Operations for peripheral vascular disease and aortic surgeries 
are generally performed among those with the highest perioperative risk. Some 
operations can have their risk lowered by taking a less invasive approach. For 
example, open aortic aneurysm repair has a high risk of MACE that is lowered 
when the procedure is performed endovascularly. In addition, performing an opera-
tion in an emergency situation is understood to increase risk.

A risk calculator has been developed that allows more precise calculation of 
surgical risk, which can be incorporated into perioperative decision making. The 
three most commonly used tools to calculate MACE risk are Revised Cardiac Risk 
Index (RCRI), American College of Surgeons National Surgical Quality 
Improvement Program (NSQIP), Myocardial Infarction and Cardiac Arrest (MICA), 
and American College of Surgeons NSQIP Surgical Risk Calculator.

The RCRI is a simple, validated, and accepted tool to assess perioperative risk of 
major cardiac complications (MI, pulmonary edema, ventricular fibrillation or 
primary cardiac arrest, and complete heart block). It has six predictors of risk for 
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major cardiac complications, only one of which is based on the procedure—
namely, “Undergoing suprainguinal vascular, intraperitoneal, or intra thoracic surgery”. 
A patient with zero or one predictor(s) of risk would have a low risk of MACE. Patients 
with >2 predictors of risk would have an elevated risk for adverse major cardiac 
events (MACE).

In a nutshell, 2014 ACC guidelines recommend that in a patient with known 
clinical risk factors for CAD scheduled for nonemergent elevated risk surgery 
(MACE > 1) and with poo r(<4METS) or unknown functional capacity, further 
pharmacological cardiac testing should be ordered if it will impact decision making 
or perioperative care. This follows a similar theme as 2007 guidelines.

It is also very important to note that implementation of the American College of 
Cardiology/American Heart Association guidelines has been associated with better 
perioperative outcomes.

Preoperative testing should not be determined by patient age alone [47]. Clinical 
yield of undirected or “routine” preoperative testing protocols is extremely low [48, 
49]. Undirected or routine preoperative chest radiographs are unnecessary in elderly 
surgical patients.

Since older surgical patients are slightly more likely to be anemic, a complete 
blood count is mandatory for all vascular surgeries.

The prothrombin time (PT) and partial thromboplastin time (PTT) appear to 
have no value as screening tests in asymptomatic patients of any age with no evi-
dence of liver disease and not taking anticoagulants. However, since most vascular 
surgery patients are on anticoagulants, a baseline measure of PT/PTT is required 
especially if planning spinal or epidural anesthesia.

Since many elderly patients may have concomitant renal dysfunction and dia-
stolic dysfunction, a basic blood chemistry is prudent in the management of intra-
operative fluid therapy.

ECG appears to be sufficiently cost-effective to warrant routine application in a 
geriatric population [50]. As per ACC guidelines of 2014, routine preoperative rest-
ing 12-lead ECG is not useful for asymptomatic patients undergoing low-risk surgi-
cal procedures. Since EG carries baseline information and is a prognostic standard, 
it is reasonable for patients with known coronary heart disease, significant arrhyth-
mia, peripheral arterial disease, cerebrovascular disease, or other significant struc-
tural heart disease. There is poor concordance across different observational studies 
as to which abnormalities have prognostic significance including arrhythmias, path-
ological Q-waves, LV hypertrophy, ST depressions, QTc interval prolongation, and 
bundle-branch blocks. Likewise, the optimal time interval between obtaining a 
12-lead ECG and elective surgery is unknown. General consensus suggests that an 
interval of 1–3 months is adequate for stable patients.

As per AHA guidelines it is reasonable to get an ECHO in the following patients:
Class IIa, dyspnea of unknown origin; Class IIa, known Congestive heart failure 

(CHF) with worsening dyspnea or other change in clinical status. Echo may be 
considered (Class IIb), reassessment in stable patients with previously documented 
LV dysfunction if not assessed within 1 year.

Exercise testing for ischemia may be considered (Class IIb) for patients with 
elevated risk and unknown or poor (<4METS) functional capacity if it will change 
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management. However, it is to be noted that vascular surgery patients may not be 
able to do exercise testing due to concomitant claudication. Patients able to achieve 
approximately 7 METs to 10 METs have a low risk of perioperative cardiovascular 
events, and those achieving <4 METs to 5 METs have an increased risk of periop-
erative cardiovascular events. Electrocardiographic changes with exercise are not as 
predictive.

Noninvasive pharmacological testing may be reasonable (Class IIa) for patients 
at elevated risk and have poor (<4 METs) functional capacity to undergo noninva-
sive pharmacological stress testing (either dobutamine stress echocardiogram 
(DSE) or pharmacological stress (MPI) if it will change management (Level of 
Evidence: B) The authors identified a slight superiority of stress echocardiography 
relative to nongated MPI with thallium in predicting postoperative cardiac events. 
In patients with abnormalities on their resting ECG for example: left bundle-branch 
block, LV hypertrophy with “strain” pattern, digitalis effect, concomitant stress 
imaging with echocardiography or MPI may be an appropriate alternative.

As per AHA guidelines consistent and clear associations exist between beta 
blocker administration and adverse outcomes, such as bradycardia and stroke. Beta 
blockers should be continued in patients undergoing surgery who have been on beta 
blockers chronically. In patients with intermediate- or high-risk myocardial isch-
emia noted in preoperative risk stratification test for instance three or more RCRI 
risk factors (e.g., diabetes mellitus, HF, CAD, renal insufficiency, and cerebrovas-
cular accident), it may be reasonable to begin perioperative beta blockers 2–7 days 
before surgery. They recommend against starting beta blockers on the day of sur-
gery in beta–blocker-naïve patients.

Perioperative initiation of statin use is reasonable in patients undergoing vascu-
lar surgery and statins should be continued in patients currently taking them.

The risk of coronary stent thrombosis in the perioperative period for both bare 
metal stent (BMS) and drug-eluting stent (DES) is highest in the first 4–6 weeks 
after stent implantation. Discontinuation of dual antiplatelet therapy (DAPT), par-
ticularly in this early period, is a strong risk factor for stent thrombosis. In patients 
undergoing urgent noncardiac surgery during the first 4–6 weeks after BMS or DES 
implantation, DAPT should be continued unless the relative risk of bleeding out-
weighs the benefit of the prevention of stent thrombosis. As such, use of DAPT or 
aspirin alone should be individualized on the basis of the considered potential ben-
efits and risks. All elective surgeries should be delayed for minimum 30 days for 
BMS and 365 days for DES.

3.2.2  Geriatric Physiology

3.2.2.1  Cardiac Physiology
Changes in the cardiovascular system that accompany aging include decreased vas-
cular and myocardial compliance due to fibrotic replacement of elastic tissues of the 
arteries and the ventricle. This leads to hypertension and diastolic dysfunction.
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Due to hypertension there is progressive and sustained increase in left ventricular 
wall tension and myocardial workload resulting in symmetrical ventricular hypertrophy 
and increased ventricular mass. This can further complicate diastolic dysfunction.

The phases of diastole are isovolumic relaxation and the filling phase. The filling 
phase is divided into early rapid filling which is passive(70–80%), diastasis(5%), 
and atrial systole(15–25%).Early diastolic filling is driven by the left atrial (LA) to 
left ventricular (LV) pressure gradient.

The cause of diastolic dysfunction is that the stiffer ventricle and atrium do not 
permit complete chamber relaxation until relatively late in diastole. In elderly there 
is decreased early diastolic filling because of decreased LA-LV pressure gradient 
caused by impaired LV relaxation.

Consequently, passive ventricular filling, which occurs during the early phase of 
diastole, is significantly reduced in older adults. As a result, the elderly are particu-
larly dependent on the synchronous atrial contraction of sinus rhythm for late ven-
tricular filling and this also explains why cardiac rhythm other than sinus is often 
poorly tolerated in elderly individuals.

There is decrease in autonomic responsiveness namely there is increased vagal 
tone, and decreased sensitivity of adrenergic receptors leads to a decline in heart 
rate. Fibrosis of the conduction system and loss of sinoatrial node cells increase the 
incidence of dysrhythmias, particularly atrial fibrillation and flutter. In the absence 
of co-existing disease, resting systolic cardiac function seems to be preserved. The 
stiffer ventricle and atrium do not permit complete chamber relaxation until rela-
tively late in diastole. Consequently, passive ventricular filling, which occurs during 
the early phase of diastole, is significantly reduced in older adults, producing a form 
of diastolic dysfunction. As a result, the elderly are particularly dependent on the 
synchronous atrial contraction of sinus rhythm for complete ventricular filling.

The elderly patient with diastolic dysfunction may poorly tolerate perioperative 
fluid administration, resulting in elevated left ventricular end-diastolic pressure and 
pulmonary congestion. Decrease venous capacitance due to stiffening reduces its 
ability to buffer changes in intravascular volume leading to exaggerated hypoten-
sion especially during induction of general anesthesia or spinal anesthesia.

Moderate hypotension can cause intolerable reduction in coronary, cerebral, and 
renal blood flow. Decreased β-receptor response in the elderly during exercise/
stress cause the increased peripheral flow demand to be met primarily by preload 
reserve, thereby making the heart more susceptible to cardiac failure. As baseline 
and maximal achieved heart rate is limited, elderly patients will rely on alpha ago-
nists to maintain blood pressure during moments of hypotension.

In older individuals, exercise-induced increases in cardiac output are achieved 
with a lower heart rate, higher EDV, and higher stroke volume.

3.2.2.2  Respiratory Physiology
Aging decreases the elasticity of lung tissue, allowing overdistention of alveoli and 
collapse of small airways. Residual volume, functional residual capacity increase 
with aging along with increased anatomic dead space, increased closing capacity, 
decreased diffusing capacity all leading to impaired gas exchange. Elderly have less 
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complaint chest wall. The elderly are more prone to respiratory impairment in the 
recovery after general anesthesia.

3.2.2.3  Nervous System Physiology
With aging there is gray and white matter atrophy, synaptic degeneration. The syn-
thesis of neurotransmitters like acetylcholine and dopamine is reduced. Serotonergic, 
adrenergic, and gamma-aminobutyric acid-binding sites are also reduced. These 
changes may be responsible for increased sensitivity of elderly to general anesthetic 
and local anesthetics.

Such changes may also lead to age-related cognitive and behavioral deficits, and 
contribute to postoperative cognitive dysfunction in the elderly.

3.2.2.4  Renal and Hepatic Physiology
With normal aging there is progressive decrease in creatinine clearance but since 
muscle mass also decreases, serum creatinine remains relatively unchanged with 
aging. Therefore, serum creatinine is a poor predictor of renal function in elderly. 
Calculated creatinine clearance remains the most sensitive marker of renal function 
in the elderly.

Critical attention should be placed to perioperative fluid balance and electrolyte 
imbalance. As renal function declines with aging, the kidney’s ability to excrete 
drugs also declines. The decreased capacity to handle water and electrolyte loads 
makes proper fluid management more critical during major vascular surgery.

Hepatic blood flow decreases by 10% per decade. Liver’s ability to metabolize 
certain drugs also decreases with age. The rate of biotransformation and albumin 
production decreases. Plasma cholinesterase levels are reduced in elderly men.

3.2.3  Geriatric Pharmacology

Pharmacokinetic implies the relationship between drug dose and plasma concentra-
tion Pharmacodynamics implies the relationship between plasma concentration and 
clinical effect.

In older patients subtle changes in pharmacodynamics and altered age-related 
alpha phase redistribution pharmacokinetics are responsible for varied drug effect.

With aging [1], lean body mass decreases [2], body fat increases [3], and total 
body water decreases.

The reduced volume of distribution for water-soluble drugs can lead to greater 
plasma concentrations after rapid bolus or infusions. Conversely, an increased vol-
ume of distribution (due to increase in body fat) for lipid-soluble drugs could reduce 
their plasma concentration but lead to larger volume of distribution after prolonged 
infusions leading to increased drug effect. It is interesting to note that the decreased 
dose requirement of fentanyl in the elderly has a pharmacodynamic explanation, 
that is, elderly brain is more sensitive to opioids [51].Thus pharmacodynamics 
basis, increased brain sensitivity explains decreased minimum alveolar 
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concentration (MAC) of volatile anesthetics [52, 53], decreased dosing requirement 
of opioids [54] and benzodiazepines [55].

The prolonged duration of action of vecuronium [56] and rocuronium [57] in the 
elderly surgical patients is related to altered pharmacokinetics consistent with an 
age-related decrease in renal and hepatic functions. Recovery from pancuronium 
that depends on renal excretion may be delayed due to decreased drug clearance. 
Hofmann elimination, an organ-independent elimination pathway, occurs in plasma 
and tissue, and is responsible for approximately 77% of the overall elimination of 
cisatracurium besilate. Therefore, it provides most consistent clinical effects in the 
elderly. Proper neuromuscular monitoring with meticulous attention to train of four 
and reversal of neuromuscular blockade along with adherence to clinical criteria for 
extubation must be met prior to extubation of elderly patients. Complete recovery 
of neuromuscular function is more likely when anticholinesterases are administered 
early (>15–20 min before tracheal extubation) and at a shallower depth of block 
(train-of-four [TOF] count, 4) [58].

3.2.4  Anesthetic Management of Abdominal Aortic Aneurysm 
Repair

In a large US Veterans Affairs screening study, the prevalence of abdominal aortic 
aneurysm (AAA) was 1.4% [59].

Abdominal aortic aneurysms were the primary cause of 10,597 deaths and a 
contributing cause in more than 17,215 deaths in the United States in 2009 [60]. 
AAA repair involves the replacement or bypass of an aneurysmal section of abdom-
inal aorta. There are two primary methods of AAA repair, open repair and endovas-
cular repair (EVAR). Open AAA repair is well established as a definitive treatment, 
having been in use for over 50 years. Generally, EVAR is advocated for patients 
who are at increased risk with open repair.

3.2.4.1  Anesthetic Technique for Endovascular Repair
Many institutions initially performed endovascular surgery under general anesthe-
sia. For both the surgeons and anesthesiologists, this was a natural choice due to the 
uncertain outcomes and possible complications related to the new procedure.

For the transfemoral approach, local anesthesia is well tolerated and provides greater 
hemodynamic stability than other anesthetic techniques. Henretta et al. [61] reported the 
first ever series that described the use of local anesthesia for the endovascular repair of 
infrarenal AAAs in patients with significant co-morbidities. They showed that the 
advantages of local anesthesia include decreased cardiopulmonary morbidity rates, 
shorter hospital stays, and lower hospital costs. Multiple other reports have shown 
decreased procedure times [62, 63], shorter hospital stays [62, 63], and fewer pulmonary 
complications [64] when local anesthesia is used in place of general anesthesia.

Spinal, epidural, and combined spinal–epidural techniques have been used for 
endovascular surgery especially with an iliac approach to EVAR. The sensory level 
at which anesthetic blockade is needed is T10 dermatome. The level of sensory 
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anesthesia required for endovascular surgery has fewer hemodynamic side effects 
than the high thoracic level needed for open surgical repair.

Aadahl et al. [65] showed that a single dose of spinal anesthesia combined with 
epidural anesthesia was effective for EVAR with no clinically significant period of 
hypotension in any case.

EVAR requires brief periods of intermittent apnea to obtain optimal imaging 
quality in digital subtraction angiography. Therefore, patient cooperation is essen-
tial, and a fine balance between optimal sedation and alertness when needed is 
essential. In patients with back pain or dementia, it may not be possible to maintain 
such a response, leading to anesthesiologist and surgical preference for general 
anesthesia.

The key elements in anesthetic management of EVAR include adequate hemody-
namic monitoring with arterial line along with standard ASA monitors. Large-bore 
intravenous access should be obtained given the potential for significant blood loss 
and especially if a conversion to open surgery is indicated. Central venous access is 
not routinely required unless indicated by a patient’s cardiac function or if a lengthy 
procedure is planned. General anesthesia typically consists of a balanced technique 
with a low-dose inhalational agent and opioids. Neuromuscular blocking agents are 
typically not necessary. A Foley catheter is required as a measure of volume status. 
Temperature should be closely monitored as patient is exposed and prepped for an 
open procedure if needed.

Blood loss during a simple infrarenal EVAR is usually minimal approximately 
200–600 ml, and intraoperative transfusion is rare. Prolonged procedures and com-
plex repairs have potential for ongoing blood loss from the access sites. Cell salvage 
should be available and should be used in long procedures due to propensity of 
extended blood loss. The occurrence of sudden hypotension should prompt immedi-
ate evaluation of access sites, followed by angiography to identify any possible 
causes of bleeding. It should be realized that blood loss can be difficult to quantify, 
as it is often lost around the sheaths and catheters, and can be retroperitoneal in the 
case of injury to femoral or iliac vessels. Since the incidence of renal failure is about 
6.7% with EVAR [66], close intraoperative fluid management with early replace-
ment of preoperative deficits and maintenance of intravascular volume is extremely 
essential during surgery especially because the surgery involves extensive use of 
iodinated contrast. Proper fluoroscopic protection should be provided to all person-
nel involved in the care of the patient during the procedure.

Postoperative patients can be discharged to a monitored bed but typically do not 
need intensive care. Analgesic requirements are minimal and rarely require intrave-
nous opioids.

3.2.4.2  Anesthetic Management for Open AAA Repair
The key elements in anesthetic management of open AAA repair include adequate 
hemodynamic monitoring with arterial line along with standard ASA monitors 
(ECG, noninvasive blood pressure, pulse oximetry, capnography, and temperature). 
Arterial line is usually placed pre-induction in the radial artery of the arm which 
records he highest blood pressure via sphygmomanometer. At our institution we 
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also place a T8-10 thoracic epidural catheter for postoperative pain control. 
Nishimori et al. [67] found epidural superior to intravenous analgesia, with improved 
postoperative pain scores as well as a reduction in postoperative intubation times, 
acute respiratory failure rates, intensive care unit stay duration, and rates of cardiac, 
gastrointestinal, and renal complications. Central venous catheterization is per-
formed after induction general anesthesia unless needed pre induction, as dictated 
by patient’s cardiovascular status. Pulmonary artery catheterization (PAC) is pre-
ferred over Central venous catheterization (CVC) in patients with LV dysfunction 
(ejection fraction < 30%) and pulmonary hypertension. PACs with capability to 
monitor mixed venous oxygen saturation and continuous cardiac output may be 
helpful in hemodynamically unstable patients or patients with ruptured AAA.

Transesophageal echocardiography (TEE) can be used to evaluate regional wall 
motion abnormalities which may be indicative of ischemia. TEE also helps to accu-
rately assess volume status in a hypotensive patient. Cardiac output measured by 
TEE correlates very well with thermodilution cardiac output derived from PAC in 
the absence of significant mitral regurgitation. TEE can be placed quickly if patients 
become hemodynamically unstable and can immediately provide information about 
ventricular function (acute myocardial infarction or pulmonary embolus), volume 
status (hypovolemia), or obstructive flow patterns (cardiac tamponade, LVOT). 
Rapid rescue [68] TEE has shown to improve outcomes after hemodynamic insta-
bility in noncardiac surgical patients and also provides additional diagnostic infor-
mation in patients with intraoperative cardiac arrest which may directly guide 
specific, potentially life-saving therapy [69].

Anesthetic technique consists of a balanced technique with inhalational anes-
thetics and opioids. Agents available for blunting hemodynamic response, such 
as esmolol, sodium nitroprusside, nitroglycerin, and short-acting b-blockers such 
as esmolol, should be available for bolus and continuous infusion administration, 
as needed. Also a vasopressor like phenyepherine or norepinephrine should be 
available to counteract hypotension especially during unclamping. Since an epi-
dural catheter is placed pre-induction, we typically avoid using long-acting opi-
oids and activate the epidural catheter at the end of the procedure to avoid any 
hemodynamic consequences for epidural local anesthetic during the surgery. 
Depending on the location of the lesion, the cross-clamp can be applied to the 
supraceliac, suprarenal, or infrarenal aorta. Heparin is usually administered prior 
to aortic clamping. The effects of cross-clamping depend on the level of the 
clamp, patient’s fluid status and baseline myocardial function. Patients with pre-
existing left ventricular dysfunction manifest more hemodynamic consequences 
than those with normal LV function.

The primary hemodynamic response [70] to aortic cross-clamping is an increase 
in mean arterial pressure due to an increase in afterload. Cardiac output often 
decreases in response to aortic cross-clamping. Preload changes as per the location 
of the clamp. If the aorta is clamped above the celiac artery, blood volume is shifted 
proximally to the clamp, the thereby increasing preload and blood flow to the lungs 
and the cranium.
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During infraceliac clamping, the change in preload depends upon the tone of the 
splanchnic veins. If the splanchnic vascular tone is high, venous return to the heart 
increases. Alternatively, if splanchnic venous tone is low, a decrease in preload 
occurs as blood volume shifts into the compliant splanchnic vasculature. Due to 
increase in preload and after load, left ventricular decompensation can occur in 
patients with CAD and LV dysfunction. The blood flow to organs distal to the clamp 
depends on the flow from collateral vessels which depends on the perfusion pres-
sure dictated by the proximal aortic pressure. Therefore, proximal hypotension 
should be avoided.

It has been shown [71] that infraceliac clamping produces minimal mean arterial 
pressure, ventricular filling pressures, and ejection fraction. In contrast, supraceliac 
clamping produces significant increases in proximal mean arterial pressure and fill-
ing pressures, and a decrease in cardiac ejection fraction and segmental left ven-
tricular wall motion abnormalities.

The hemodynamic response to clamping and unclamping is less prominent in 
patients with aortic occlusive disease than in patients getting AAA repair [72].

Before aortic unclamping, the patient should be prepared for the side effects of 
reperfusion. The primary hemodynamic response to unclamping of the aorta is sig-
nificant hypotension. The causes include significant decrease in afterload after 
clamp release, accumulation and release of vasodilating and myocardial depressant 
metabolites from the ischemic lower extremities, peripheral redistribution of blood 
volume into a vascular bed that is often vasodilated by hypoxia resulting in central 
hypovolemia.

Blood and fluid loss should be replaced before unclamping and patient’s volume 
status should be optimized with blood, albumin, or crystalloid, based on patient’s 
hemodynamics which will take in to consideration their CVP, BP, and TEE (if 
placed) to identify hypovolemia vs LV dysfunction as cause of hypotension. 
Epinephrine, phenylephrine, sodium bicarbonate, and calcium chloride should be 
available just before the release of the cross-clamp. The aortic cross- clamp can be 
gradually released and reapplied if significant hypotension occurs. Correction of 
metabolic acidosis with sodium may be required. Small boluses of neosynephrine, 
nor-epinephrine, or even epinephrine may be needed to correct significant hypoten-
sion but it should be remembered that correction of hypovolemia takes precedence 
as using vasopressors to increase the blood pressure without restoring blood volume 
may further decrease blood flow to coronary, renal, and hepatic circulations.

The incidence of renal failure is approximately 13% after suprarenal (SR) aortic 
cross-clamping and 5% after infrarenal (IR) clamping [73]. In a review of 1020 
patients who underwent elective AAA repair, postoperative decline in renal func-
tion was 17.0% in SR vs 9.5% in IR (P = .003), however, new-onset dialysis was 
rare (0.6% SR, 0.8% IR, P = NS) [74]. The reason for the above changes is that 
aortic cross-clamping increases renal vascular resistance and decreases renal corti-
cal blood flow. The degree of change does not correlate with changes in blood 
pressure or cardiac output. Gamulin et al. [75] showed an increase of 75% in renal 
vascular resistance and a decrease of 38% in renal blood flow after IR clamping, 
whereas systemic cardiovascular measurements did not change appreciably. 
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Anesthetic drugs including mannitol, ventilator parameters, pre-clamp blood vol-
ume were maintained in all. Suprarenal cross-clamping has been shown to reduce 
renal blood flow by 80%.

Urine output is routinely monitored intraoperatively; however, it does not predict 
the development of postoperative renal failure. A Cochrane database [76] review 
showed that there is not enough evidence to show the best fluid replacement to use 
during and following surgery on the abdominal aorta. Fluid replacement is needed 
to replace tissue fluids lost during surgery. Blood products, nonblood products, or 
combinations including crystalloid solutions and colloids are used. Combination 
therapy is most common. The incidence of postoperative renal insufficiency may be 
decreased by adequate volume loading, maintaining cardiac output, and aggres-
sively treating hypovolemia based on hemodynamic parameters like CVP, cardiac 
output, or TEE imaging and reduce cross-clamp timing (<30 min [77] associated 
with minimal risk).

The incidence of spinal cord injury due to hypoperfusion or ischemia is rare in AAA 
repair, the incidence being higher in ruptured AAA repair. Three spinal arteries, one 
anterior and a pair of posterior spinal arteries from the vertebral arteries, supply the 
cord. The anterior spinal artery is the principal artery of the three [78], supplying the 
anterior two-thirds of the cord, including the critical motor area. Segmental arteries 
from subclavian, intercostal, upper lumbar, and branches from the internal iliac and 
middle sacral arteries regularly feed the anterior spinal artery. The largest of these seg-
mental arteries is the great radicular artery of Adamkiewicz or arteria radicularis 
magna, which originates as a branch from a left intercostal artery between T9 andT12 in 
75% of patients, T5 and T8 in 15%, and L1 and L2 in 10%. The injury to the anterior 
2/3rd of the cord results in bilateral flaccid paraplegia and loss of pain and temperature 
sensation; proprioception and vibratory sensation is maintained.

The incidence of spinal cord damage was reported as 0.25% after abdominal 
aortic operations and the variation in origin of the artery of Adamkiewicz may 
explain the incidence of this complication [79].

Epidural opioids decrease incidence of atelectasis and epidural local anesthetics 
increase PaO2, decrease the incidence of pulmonary infections, pulmonary complica-
tions overall compared with systemic opioids [80]. Pain management at our institution 
is usually via a thoracic epidural catheter which is activated at the end of the procedure 
to avoid hemodynamic consequences from epidural bupivacaine. We use a dilute con-
centration of bupivacaine 0.0625% or 0.125% mixed with fentanyl 5 mcg/cc.

The other options for pain management include bilateral paravertebral catheters 
and bilateral transversus abdominis plane block.

3.3  Surgery on the Ascending Aorta and the Arch of Aorta

Surgery on the ascending aorta and the arch of the aorta uses median sternotomy 
and cardiopulmonary bypass. The conduct of anesthesia is similar to that for cardiac 
surgery involving cardiopulmonary bypass which is beyond the scope of this 
chapter.
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3.4  Surgery Involving Thoracic Aortic Abdominal Aneurysm

Aneurysms of the TAAA aorta are primarily caused by atherosclerotic degenerative 
disease. The remainder can be caused by trauma or connective tissue diseases dis-
orders such as Marfan syndrome, cystic medial degeneration, Takayasu arteritis, 
syphilitic aortitis, Turner’s syndrome, polycystic kidney disease, and Loeys-Dietz 
syndrome.

The prevalence of TAAA is much less than that of infrarenal AAA. TAAAs have 
a much lower incidence of CAD, often cited as less than 30%.

The Crawford classification defines aneurysms as types I, II, III, and IV. Type I 
aneurysms involve all or most of the descending thoracic aorta and the upper 
abdominal aorta. Type II aneurysms involve all or most of the descending thoracic 
aorta and all or most of the abdominal aorta. Type III aneurysms involve the lower 
portion of the descending thoracic aorta and most of the abdominal aorta. Type IV 
aneurysms involve all or most of the abdominal aorta, including the visceral seg-
ment. Types II and III are the most difficult to repair because they involve both the 
thoracic and the abdominal segments of the aorta.

The anesthesia for open thoracoabdominal aneurysm (TAA) repair involves 
placement of cerebrospinal fluid drain, thoracic epidural catheter insertion for post-
operative analgesia, general anesthesia with lung isolation (double lumen tube or 
bronchial blocker), placement of multiple large-bore (14 gage or smaller) IV cath-
eters, arterial lines in the upper (radial artery) and lower (femoral artery) extremi-
ties, double lumen central venous catheter insertion, pulmonary artery catheterization, 
and transesophageal echocardiography for monitoring of hemodynamics. TEE is 
used to evaluate ventricular volumes, ventricular function, valvular abnormalities 
(regurgitation and stenosis), and optimize cardiac function during clamping and 
unclamping. Temperature monitoring at multiple sites using PA catheter, urinary 
catheter, and nasopharyngeal probe is advised.

A lumbar spinal drain is inserted before the procedure to monitor and control 
cerebrospinal pressure thereby maintaining spinal cord perfusion pressure during 
aortic occlusion and after the procedure. Moderate systemic hypothermia (34 ° C or 
lower) is used to prolong spinal cord and organ ischemic tolerance.

One-lung anesthesia greatly facilitates surgical exposure. A left-sided double 
lumen tube (DLT) is usually preferred but endobronchial blocker is ideal in patients 
with difficult airway, as manipulation of the airway to exchange the endotracheal 
tube toward the end of the surgical procedure can be avoided. Placement of left- 
sided DLT or blocker on the left side should be avoided in patients with aneurysm 
compressing on the left bronchus with distortion of the anatomy. A right-sided DLT 
should be used in such situations.

If assisted circulation is required, a left heart bypass (LHB) [81] is needed. The 
goal of LHB, is to divert a portion of saturated blood from the patient’s left atrium 
(LA) to a section of the arterial vasculature distal to the portion of the aorta that is 
being reconstructed (Fig. 3.1). The most common proximal cannulation site is the left 
inferior pulmonary vein, although the LA appendage, left ventricular (LV) apex, 
ascending aorta, or subclavian artery may be used. Distal cannulation is accomplished 
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with cannulation of the femoral artery. TEE is useful in confirming cannulae position. 
Once the proximal aorta is cross-clamped, the institution of LHB creates two parallel 
circulations, an upper and a lower. The “upper” consists of native flow from the LV 
and thence to the great vessels and heart. The “lower” consists of flow from the LA to 
the centrifugal pump, and then to the distal cannulation site (femoral artery or distal 
aorta) and/or any visceral vessels that have been selectively cannulated (Fig. 3.1). 
Lower body circulation also provides blood flow to the spinal cord anastomotic net-
work through sacral vessels. Blood in the “lower” circulation will return to the right 
side of the heart primarily via the inferior vena cava (IVC). The upper circulation is 
dependent on the patient’s underlying LV function. The lower circulation is dependent 
on LHB flows, which are typically 1.5–2.5 L/min. The adequacy of upper circulation 
is measured by the radial artery catheter and that of lower circulation by the femoral 

Fig. 3.3 Depiction of Left Heart Bypass. Note that blood from the left heart is shunted distal to 
the aortic cross-clamp via a centrifugal pump. The net effect is to create two parallel circulations: 
(1) an “upper” circulation to the brain and great vessels; and (2) a “lower” circulation below the 
aortic cross-clamp to the viscera and lower extremities (From Dwarakanath and Collard [81]; with 
permission)
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artery catheter. Prior to LHB cannulation, the patient is first heparinized (100–
150 units/kg) to achieve an activated clotting time of 200–250 s (Fig. 3.3).

Manipulation of intravascular volume, cardiac contractility, vascular tome proxi-
mal to cross- clamp and pump flows is done to optimize the upper and lower body 
circulation. For example, low flows in the upper circulation can be corrected by (1) 
volume loading the patient or (2) by decreasing flow to the lower circulation by 
reducing the rate of LHB flow assuming normal ventricular function. Excessive 
surgical bleeding and coagulopathy are not uncommon and volume resuscitation 
using cell saver, rapid infuser, and blood products are necessary in these patients.

Spinal cord protection during thoracic aortic surgery has been well described by 
Sinha and Cheung [82]. They recommend the following strategy:

 1. Minimize spinal cord ischemia time:
 (a) Segmental reconstruction of the descending aorta
 (b) Distal aortic perfusion with a passive shunt (Gott shunt)
 (c) Partial left heart bypass

 2. Increase tolerance to ischemia:
 (a) Deliberate mild systemic hypothermia
 (b) Deep hypothermic circulatory arrest
 (c) Selective spinal cord hypothermia by epidural cooling
 (d) Pharmacologic neuroprotection

 3. Augmentation of spinal cord perfusion:
 (a) Deliberate hypertension
 (b) Lumbar cerebrospinal fluid (CSF) drainage
 (c) Reimplantation of intercostals and lumbar segmental arteries
 (d) Preservation of subclavian artery flow

 4. Early detection of spinal cord ischemia:
 (a) Intraoperative motor evoked potential (MEP)
 (b) Intraoperative SEP monitoring, and serial postoperative neurologic 

examination

In conclusion, the goal of the anesthesiology team is to maximize tissue oxygen 
delivery by controlling intravascular volume, cardiac function, mean arterial pres-
sure, in addition to maintaining spinal cord perfusion pressure by keeping adequate 
mean arterial pressure (MAP) and CSF pressure (below 10 cm H2O). Transesophageal 
echocardiography provides real-time assessment of cardiovascular status and is 
vital to the intraoperative management of these patients.

3.5  Anesthesia for Carotid Endarterectomy

Atherosclerosis can involve the origins of both the internal and external carotid 
arteries as well as the bifurcation of the common carotid artery. The bifurcation of 
the common carotid artery is the most common site of atherosclerotic plaques that 
may lead to transient ischemic attacks (TIAs) or stroke.
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The brain receives its blood supply from four major arteries. Eighty to ninety 
percent of the cerebral blood supply is delivered via the two internal carotid arteries 
with the majority of the remainder coming from the vertebrobasilar system. The 
carotid arteries and basilar artery unite to form the Circle of Willis at the base of the 
brain. This ring of arteries offers the brain considerable protection against the occlu-
sion of one or another vessel; however, in patients with cerebrovascular disease one 
or more of the vessels within the circle maybe occluded by atheromatous plaque.

Carotid Endartrectomy (CEA) can reduce the risk of stroke in subgroup of 
patients. As per the guidelines published in the Journal of Vascular Surgery in 2011, 
CEA should be the first-line treatment for most symptomatic patients with stenosis 
of 50–99%. Symptomatic patients with 50–99% stenosis that are at high risk for 
CEA from anatomic (like prior neck surgery or radiation injury) or medical reasons 
should be offered carotid artery stenting.

CEA is first-line treatment for asymptomatic patients with stenosis of 60–99%. 
Asymptomatic patients at high risk for intervention or with <3 years’ life expec-
tancy should be considered for medical management as the first-line therapy.

According to the American Association of Neurological Surgeons and the 
American Stroke Association, treatment with CEA within 2 weeks of presentation 
for acute stroke is reasonable and appropriate.

The perioperative risk of stroke and death in asymptomatic patients must be <3% 
and for symptomatic patients <6%.

The risks associated with CEA involve neurological complications, hyperten-
sion, hypotension, hemorrhage, acute arterial occlusion, stroke, MI, venous throm-
boembolism, cranial nerve palsy, infection, arterial restenosis, and death. Risk is 
related mainly to the patient’s preoperative clinical status. Symptomatic patients 
have a higher risk than asymptomatic patients, as do those with hemispheric versus 
retinal symptoms. Intracerebral hemorrhage may occur as a consequence of the 
hyperperfusion syndrome despite control of blood pressure. Cardiovascular insta-
bility has been reported in 20% of patients undergoing CEA, with hypertension 
reported in 20%, hypotension in 5%, and perioperative MI in 1% [83].

Most patients needing CEA are elderly with hypertension and associated 
CAD. Patient should be medically optimized with regard to their CAD, DM, and 
HTN. The patient should receive their blood pressure medications in the morning of 
surgery and their blood sugar should be well controlled. Standard cardiovascular 
monitoring should include continuous ECG with Lead II and V5 and arterial blood 
pressure. At our institution we prefer to place an arterial line pre-induction to keep 
tight control on blood pressure. Two large-bore IV catheters are placed and one of 
them is dedicated to running a vasodilator like nitroprusside or nitroglycerine and a 
vasoconstrictor like phenylephrine or norepinephrine. This surgery does not involve 
major fluid shifts and a central venous catheter or a pulmonary artery catheter is 
rarely needed. Patient’s “baseline” mean arterial pressure (MAP) should be esti-
mated from the preoperative visit, the patient’s records, and the blood pressure in 
both arms should be measured. We aim to maintain MAP at, or up to 20% above, the 
documented baseline MAP during carotid cross-clamping using fluids, vasopres-
sors, and hypotensive drugs as required The MAP are also regulated based on the 
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information available from EEG, other cerebral monitoring or neurological symp-
toms in awake patients. EEG monitoring is used during every CEA.

The carotid artery is temporarily completely occluded by a cross-clamp in order 
to perform the CEA. A temporary shunt may be inserted through the arteriotomy 
distally in the internal carotid artery and proximally in the common carotid artery to 
prevent cerebral hypoperfusion and impending ischemia during the cross-clamping 
of the carotid artery. Acute complications of shunt insertion include air or plaque 
embolization, intimal tears, and carotid dissection. There is an associated risk of 
local complications including hematoma, nerve injury, infection, and late carotid 
restenosis. Various modalities are used to monitor the need for shunting including 
EEG monitoring, SSEP, and carotid stump pressure monitoring.

In a study in 2002, it was shown that intraoperative EEG monitoring accurately 
(99.92%) identified patients who may safely have carotid endarterectomy without 
the need of a shunt. A statistically significant increase in intraoperative stroke rate 
was associated with the development of an abnormal EEG (1.1%), contralateral 
internal carotid artery occlusion (1.8%), and the combination of both abnormal 
EEG and contralateral internal carotid occlusion (3.3%) [84]. EEG was an excel-
lent detector of cerebral ischemia and a valuable tool in guiding the need for 
shunting [85].

CEA performed with routine EEG monitoring and selective shunt placement is 
associated with a low risk of perioperative stroke. Identified predictors of signifi-
cant EEG changes were anatomic factors including degree of contralateral carotid 
artery disease and moderate ipsilateral carotid artery stenosis (50–79%) [86].

Anesthetic agents and changes in temperature and blood pressure affect 
EEG. EEG monitoring is limited by the fact that most neurologic deficits after 
CEA is caused by thromboembolism rather than occlusion of blood flow during 
carotid clamping.

Somatosensory-evoked potentials reflect presence of intact sensory pathways 
from stimulated peripheral nerve to the cortex where the electrical activity is being 
recorded. There is evidence that distortion of these waveforms reflect ischemia, 
although these Somatosensory evoked potential (SSEP) changes may not reflect isch-
emia and may overestimate the need for shunting. SSEP may be superior in patients 
whose baseline EEG is not easily interpretable because of a previous stroke. Also 
SSEP may be affected by volatile anesthetics. In a recent study by Nwachuku et al. 
it was stated that patients with perioperative neurological deficits are 14 times more 
likely to have had changes in SSEPs during the procedure and intraoperative SSEP 
is a highly specific test in predicting neurological outcome following CEA [87].

The internal carotid stump pressure (pressure cephalad to the clamp) presumably 
reflects the pressure transmitted around the Circle of Willis. Studies have shown 
stump pressure to be specific but not sensitive at identifying patients who develop 
EEG changes consistent with cerebral ischemia upon carotid cross-clamping [88].

Transcranial Doppler (TCD) provides noninvasive assessment of the middle 
cerebral artery (MCA) by insonating the MCA through the thin petrous temporal 
bone using a specially designed Doppler probe. This helps to monitor both cere-
bral hemodynamics and the occurrence of emboli. However, the probe has to be 
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placed near the surgical site and may need constant adjustment. TCD may be 
used as a complement to EEG; it is to be realized that it is operator-dependent. 
TCD may be useful in predicting patients with cerebral hyperperfusion syndrome 
following CEA or CAS.

Near infrared spectroscopy (NIRS) allows continuous monitoring of regional 
cerebral oxygenation (rSO2) in the frontal lobe. It is not as reliable as other monitors 
of cerebral ischemia.

General anesthesia is the most commonly used technique at our institution. It 
allows reliable airway control, prevents hypoxemia and hypo- or hypercapnia, and 
provides optimal operating conditions for our surgical team. Induction of anesthesia 
should be slow with gradual titration of anesthetic drugs. Airway control should be 
expeditious with minimal hemodynamic alteration and avoidance of hypo or hyper-
tension during induction and laryngoscopy. Hypercarbia causes vasodilation in nor-
mally reactive nonischemic areas of the brain and “steals” the blood away from the 
maximally vasodilated vessels in the territory of the occluded carotid. Hypocarbia 
may cause vasoconstriction of vessels in normally perfused areas of the brain and 
divert blood to the maximally vasodilated, unreactive areas of the brain but clinical 
trials have failed to show any benefit as leftward shift of oxyhemoglobin dissocia-
tion curve by hypocarbia decreases oxygen delivery to tissues. The current recom-
mendation is to maintain normocarbia in CEA.

Maintenance of general anesthesia can be achieved with various agents as long 
as there is hemodynamic stability, cerebral ischemia is not enhanced and consider-
ation is made for rapid emergence at the conclusion of surgery.

In general, volatile anesthetics are vasodilators and intravenous anesthetics are 
vasoconstrictors of the cerebral vasculature. Hence volatile anesthetics have the 
potential to cause vasodilation of normally perfused areas of brain and hence steal 
blood from ischemic areas. The risk of cerebral ischemia will be lessened by agents 
that cause decrease in cerebral metabolic oxygen consumption (CMRO2). 
Sevoflurane, desflurane, and isoflurane decrease CMRO2.

In a study, it was shown that times to extubation, movement on command, and 
consciousness were shorter after desflurane and sevoflurane than after isoflurane 
anesthesia; it was also noted that desflurane was associated with more hypertension 
and tachycardia [89].

Michenfelder et al. [90] defined the critical regional cerebral blood flow (rCBF) 
as the rCBF below which more than 50% of patients developed ipsilateral EEG 
changes of ischemia within 3 min of carotid occlusion. The critical rCBF varies 
depending on the volatile anesthetic used.

EEG monitoring for cerebral ischemia is feasible with 0.6–1.2% sevoflurane 
administered in 50% nitrous oxide, and it is similar to that determined with isoflu-
rane and it may facilitate more rapid emergence [91].

Due to the advantages of the rapid emergence with sevoflurane, it appears to be 
a good alternative to isoflurane in CEA. We prefer to use remifentanil (0.05–2 mcg/
kg/min) with sevoflurne or isoflurane in 0.5–1.0 MAC. There is evidence that cere-
bral autoregulation is impaired even with concentrations of volatile anesthetic 
agents <1.0 MAC, although this effect is more marked with isoflurane than with 
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sevoflurane. Which is another potential advantage of sevoflurane. Some centers 
avoid nitrous oxide as it increases the cerebral metabolic rate, increases cerebral 
blood flow and decreases the neuroprotective effect of other drugs. Anesthesia can 
be maintained using a combination of propofol and remifentanil. Propofol and 
sevoflurane at a concentration up to 1.0 minimum alveolar concentration produce 
comparable reductions in both the cerebral blood flow and the metabolic rate. 
Observations also indicate a hemodynamic advantage of propofol anesthesia during 
carotid clamping [92]. However, at a higher cost of propofol-remifentanil anesthetic 
it may offer little advantage over inhalational anesthesia for carotid endarterectomy 
[93]. It is to be noted that both propofol and volatile anesthetics afford neuroprotec-
tion during CEA, and anesthetic-induced neuroprotection [94] is an important 
research topic currently.

Surgical manipulation, traction of the carotid sinus or traction on the carotid 
artery can cause bradycardia and hypotension due to activation of the baroreceptor 
reflexes. Cessation of stimulus or infiltration of the carotid bifurcation with 1% 
lidocaine usually prevents further episodes. Episodes of hypotension during other 
phases of surgery can be handled by either decreasing depth of anesthesia, or giv-
ing vasopressors like phenylepherine or ephedrine. The goal is to maintain the 
MAP at or 20% above patient’s baseline MAP. Hypertension can be treated by 
either deepening anesthesia or using antihypertensives like esmolol or labetalol.

Patients are extubated after neurologic integrity is confirmed. Emergence may be 
associated with marked hypertension and tachycardia, which may require aggres-
sive pharmacologic intervention. If patient develops rapidly expanding hematoma at 
the site of surgery, consideration should be made to immediately intubate the tra-
chea, as stridor is a late sign of airway compromise [95].

Neurologic deficits on emergence may necessitate angiography, reoperation, or 
both as determined by surgery team. Therefore, the key elements in anesthetic man-
agement of CEA involve maintaining normocarbia, controlling blood sugar [96], 
maintaining MAP equal to or greater that 20% baseline MAPs during clamping, and 
using neurologic monitoring as a guide to shunting. A controlled induction and emer-
gence being critical to the success of the anesthetic and surgical course.

There is considerable debate on the efficacy of regional anesthesia over general 
anesthesia in CEA. Regional anesthesia is accomplished by blocking the C2 to C4 
dermatomes by use of a superficial, intermediate, or deep cervical plexus block. 
Pandit et al. [97] showed that a superficial/intermediate block is safer than any 
method that employs a deep injection. The higher rate of conversion to general 
anesthesia with the deep/combined block may have been influenced by the higher 
incidence of direct complications.

A regional anesthesia audit for CEA showed that cervical plexus block is 
associated with a significantly lower frequency of anesthesia-related complica-
tions and should therefore be considered the regional anesthetic of choice. 
Cervical epidural anesthesia should not be performed except in extenuating cir-
cumstances [98].

The GALA (General Anesthetic Versus Local Anesthetic for Carotid Surgery) trial, 
failed to show a statistically significant improvement in stroke, MI, or death with com-
bined superficial and deep cervical plexus block versus general anesthesia (GA) [99].
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Studies comparing CEA under local anesthesia (LA) Vs GA showed a higher 
rate of shunt usage after GA compared with LA CEA. LA may protect the patient 
from early postoperative cognitive dysfunction and appears to be more cost-effec-
tive [100].

3.6  Postoperative Cognitive Dysfunction (POCD)

Decline in cognitive function after surgery in the elderly is becoming increasingly rec-
ognized with an increase in our aging population. The earliest recognition was associ-
ated with cardiac surgery but research has shown that cognitive dysfunction is seen after 
other major noncardiac surgeries. The diagnosis of POCD requires pre- and postopera-
tive neuropsychological testing. The testing is diverse and includes learning and mem-
ory, verbal abilities, perception, attention, executive functions, and abstract thinking.

In a recent study, POCD was observed in 15.9% of adults 65 year or older 
3 months after major noncardiac surgery [101]. This is similar to the findings of 
International study of postoperative cognitive dysfunction 1 (ISPOCD1) study of 
1218 patients which found that the incidence of POCD after 3 months in age > 70 
was 14% [102].

Monk et al. [103] reported that cognitive dysfunction is common in adult patients 
of all ages at hospital discharge after major noncardiac surgery, but only the elderly 
(aged 60 years or older) are at significant risk (12.7%) for long-term cognitive prob-
lems. They confirmed the findings of ISPOCD1, which found that advancing age 
and lower educational levels are risk factors for the development of cognitive 
decline after noncardiac surgery. They also found that asymptomatic patients with a 
history of stroke with no residual impairment, and POCD at hospital discharge had 
a higher incidence of late (3 months after surgery) POCD.

No significant difference was found in the incidence of cognitive dysfunction 
3 months after either general or regional anesthesia in elderly patients [104].

Russo et al. also found that the type of anesthesia (general or epidural) does not 
affect the magnitude or pattern of postoperative cognitive dysfunction in older 
adults undergoing total knee arthroplasty [105].

ISPOCD1 also found no relation between different degrees and durations of 
hypoxemia or hypotension and early and late postoperative cognitive dysfunction.

The goal of future research should be to incorporate standard psychometric tests 
in pre anesthesia clinic especially for the elderly patient and follow up testing at 
3 months to identify POCD. Currently no preventative strategies have been devel-
oped for POCD and proper identification and rehabilitation is the key to successful 
recovery.

3.6.1  Postoperative Delirium

Postoperative delirium can clearly be distinguished from POCD as the key charac-
teristics are a change in mental status characterized by a reduced awareness of the 
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environment and a disturbance in attention. This may be accompanied by other, 
more florid, perceptual symptoms (hallucinations) or cognitive symptoms including 
disorientation or temporary memory dysfunction.

In elderly hip fracture patients, the incidence of delirium was reported to be 
between 28 and 41% [106, 107].

In a study by Litaker et al., delirium was detected in 11.4% patients aged 70 years 
or older, pre-existing cognitive impairment, greater preoperative functional limita-
tions, and history of prior delirium [108].

Perioperative hypoxemia, hypotension, sepsis, hypoglycemia, electrolyte distur-
bances, administration of certain drugs like anticholinergics, barbiturates, benzodi-
azepines are believed to be risk factors for post-op delirium. There appears to be no 
difference in the incidence of postoperative delirium with either neuraxial or gen-
eral anesthesia [109].

Treatment of post-op delirium relies on identifying the reversible medical causes, 
reassuring and re-orienting the patient to their current hospital environment [110].

Brief postoperative delirium lasting more than 6 weeks is a determining factor 
for poor long-term functional outcome after hip fracture repair, because it signifi-
cantly impacts the ability to live independently [111].

Key Points

• Preoperative testing should not be determined by patient’s age only.
• Goal of preoperative testing is to determine the functional reserve of each organ 

system and to identify need for optimization. The new ACC guidelines are help-
ful in performing a good preoperative evaluation.

• Regional anesthesia (spinal and epidural) and peripheral nerve blocks should be 
considered strongly in perioperative management as they will help improve post-
operative pain control and decrease incidence of postoperative delirium in the 
elderly.

• Careful consideration should be made to anticoagulation guidelines published by 
ASRA before performing regional anesthesia/analgesia.

• Diastolic dysfunction and decreased autonomic responsiveness are important 
causes of perioperative cardiac dysfunction in the elderly.

• Transesophageal echocardiography is an important tool in identifying hypovole-
mia vs LV dysfunction as the cause of persistent hypotension during major vas-
cular surgery.

• Key elements in anesthetic management of carotid endarterectomy involve 
maintaining normocarbia, controlling blood sugar, maintaining MAP equal to or 
greater that 20% baseline MAPs during clamping, and using neurologic monitor-
ing as a guide to shunting.
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4Deep Vein Thrombosis in the Elderly

Anthony J. Comerota

4.1  Introduction

Venous thromboembolism (VTE) is a major global health problem. Additionally, 
pulmonary embolism (PE) is recognized as the most common cause of preventable 
death in hospitalized patients in the United States and other developed countries. 
While it has been estimated that VTE affects over 900,000 patients [1, 2] and causes 
up to 300,000 deaths annually in the United States, these estimates may understate 
the problem as the US population has grown and may have more patients at risk 
since those observations were made.

Aging is one of the strongest and most prevalent risk factors for venous 
thromboembolic disease. The overall incidence of the first symptomatic venous 
thromboembolic event in the general population is usually reported as 1/1000 
person years. However, in the age group 25–30 years old, it is 1/10,000 person 
years compared to individuals 85 years or older, where it is 8/1000 person years. 
This is an 80-fold increased risk [3]. The cumulative incidence of VTE in per-
sons aged 90 is 15%. Sixty percent of all VTE events occur in those aged 70 and 
older. The population attributable risk of aging for venous thromboembolism is 
90%, indicating that 90% of the overall incidence of thromboembolism in the 
population can be attributed to increased age [3]. Therefore, physicians caring 
for patients with VTE are well served to be familiar with the age-related risk of 
VTE, its diagnosis, and treatment.
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4.2  Risk Factors for Age-Related Venous Thromboembolism

4.2.1  Genetic Risk Factors

While enthusiasm for testing for hereditary thrombophilia is diminishing, it is 
known that the most common genetic risk factors for venous thromboembolism are 
factor V Leiden and the Prothrombin G20210A mutation. Since these are relatively 
weak prothrombotic risk factors one would expect their prevalence to be similar in 
young and older patients presenting with VTE, which is indeed the case [4, 5].

4.2.2  Medical Comorbidities

A host of medical diseases have been identified as risk factors for venous thrombo-
embolism. These include chronic obstructive pulmonary disease, diabetes, stroke, 
and congestive heart failure. The severity of each of these has been shown to posi-
tively correlate with the risk of thrombosis [6–8].

Increasing age is directly associated with the prevalence of chronic diseases [9]. 
The prevalence of multiple chronic diseases has been estimated in 35% of patients 
aged 40–59, compared to 80% in patients 80 years or greater. Therefore, elderly 
patients who have multiple comorbidities are increasingly vulnerable to venous 
thromboembolism.

4.2.3  Malignancy

Patients with malignancy have a sevenfold increased risk of venous thromboembo-
lism compared to those without a malignancy. The risk differs according to cancer 
type, with ovarian cancer, pancreatic cancer, and brain tumors associated most 
strongly with venous thromboembolism. This is true in elderly patients as well as 
young patients. However, cancer-associated venous thromboembolism appears to 
be more prevalent in patients 70 years of age and older than in younger patients. 
This can, in part, be explained by the increased incidence of malignancy with age. 
There is a threefold increased incidence of cancer in patients over the age of 65 
compared to those younger than 65.

4.2.4 Sex

There is no apparent sex difference in the risk of venous thromboembolism in the 
general population. Since women have a longer life expectancy than men, this will 
lead to a higher proportion of women having venous thromboembolism in the 
elderly population.
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4.2.5  Age-Specific Risk Factors

4.2.5.1  Alterations in Vein Wall Anatomy and Physiology
Age-related changes in the anatomy of vein walls have been demonstrated. Atrophy 
of muscle fibers and vein valve thickening as a result of increased collagen deposi-
tion have been reported [10]. It appears there is re-modeling of the vein wall as 
individuals age, which may contribute to the increased risk of thrombosis in the 
elderly.

Endothelial function has been shown to be altered in patients with spontaneous 
venous thromboembolism. Migliacci et al. [11] demonstrated that flow-mediated 
vasodilatation was significantly reduced in patients with spontaneous venous throm-
boembolism, compared to age- and gender similar controls. As risk factors for 
endothelial dysfunction increase with associated medical comorbidities, one can 
recognize that endothelial dysfunction will be more prevalent in the aged, as they 
have more comorbidities.

Findings associated with vein wall re-modeling lead to functional venous dis-
ease. It has been shown that chronic venous disease associated with valvular incom-
petence increases with age [12].

4.2.5.2  Physical Functioning
The strength and physical activity of the aging patient can have a substantial 
effect on risk for venous thrombosis and the effectiveness and safety of treatment 
(Table 4.1). Specific to the lower extremities, Olsen et al. [14] demonstrated a 
reduction in compliance in the veins of the lower limbs of aging individuals and 
its relative importance for the capacitance function of the central circulation. A 
reduction in calf muscle pump function, most likely due to restricted ankle 
motion, further accentuates the vein wall anatomic changes occurring over time 
as discussed above.

Table 4.1 Cumulative 2-year incidence of bleeding versus physical activity in elderly patients 
taking long-term vitamin K antagonists

Characteristic

Physical activity

Low
(N = 367)

Moderate
(N = 310)

High
(N = 311) p-value

Age 78 76 71 NAa

TTRb 55% 57% 63% <0.001

Bleeding

Major 18.8% 11.4% 6.2% <0.001

Clinically
Relevant

22.1% 18.1% 13.4% <0.001

Fall Related(non-major) 9.9% 3.9% 4.1% <0.001

Data from Frey et al. [13]
aNot Available
bTime in Therapeutic Range (INR 2–3)
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Frailty is increasingly recognized as an important comorbid condition. Defined 
as loss of physiologic reserve, which increases the risk of disability, frailty has been 
associated with restricted activity, reduction in activities of daily life, and a reduc-
tion in cognition and physical performance. It has been shown that frailty increases 
with age, from less than 4% in individuals 65–74 years old to 25% in individuals 
85 years and older. Frail individuals have a 30% increased risk of developing venous 
thromboembolism compared to nonfrail individuals [11].

4.3  Testing for Venous Thromboembolism

A detailed review of imaging tests for pulmonary embolism and deep venous throm-
bosis is beyond the scope of this chapter. However, a brief review of the pretest 
probability model (PTP) and d-Dimer testing to exclude patients from deep vein 
thrombosis (DVT) is worthwhile.

Deep vein thrombosis (DVT) can be safely and reliably excluded in patients with 
a low clinical probability and a negative d-Dimer test [14].The d-Dimer is the final 
fragment of the plasmin-mediated degradation of cross-linked fibrin. d-Dimers are 
sensitive indicators of the presence of acute thrombus and can be measured with a 
simple blood test. d-Dimer is the most frequently used laboratory marker of coagu-
lation and endogenous fibrinolytic breakdown of thrombus.

Carrier et al. [15] demonstrated in a review of 2696 patients that the negative 
predictive values of a low or unlikely PTP score in combination with a negative 
d-Dimer was 99% for all groups of patients, including the elderly. However, it has 
been demonstrated that d-Dimer concentration increases with age, thereby reducing 
the potential clinical value of the d-Dimer assay in the elderly [16].

Recently, Andro et al. [17] performed a review with the intent of improving the per-
formance of d-Dimer in elderly patients. They concluded that an age-adjusted cut-off was 
appropriate and could be applied to all d-Dimer tests. They recommended that the opti-
mal cut-off value (in mg/L) was equal to the patients’ age in years multiplied by ten in 
those over 50 years of age who had a low pretest clinical risk of DVT. This age-adjusted 
cut-off value was externally validated in retrospective studies applied mostly to outpa-
tients with suspected DVT or PE. Various quantitative d-Dimer assays were used. 
Although their review confirmed the improved usefulness of the age-adjusted cut-off, 
prospective evaluations are necessary before definitive recommendations can be made.

4.4  Special Considerations in the Elderly

There are numerous age-related problems making the management of the elderly 
patient with venous thromboembolism more challenging. Elderly patients more 
often have multiple underlying comorbidities and take medications which alter the 
monitoring of vitamin K antagonists. The elderly population has a greater percent-
age of patients that weigh less than 65 kg, a higher percent use platelet inhibitor 
drugs, and renal dysfunction is more prevalent.
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Elderly patients frequently have illnesses and are often immobilized prior to hos-
pitalization. In a prospective study, Oger et al. [18] performed venous ultrasound 
examinations within 48 h of admission in medically ill patients. Asymptomatic 
DVT was found in 18% of patients older than 80 years of age, whereas no DVT was 
found in patients less than 55 years of age [19].

Renal dysfunction is an important risk factor for bleeding in patients receiving 
anticoagulation [15]. Elderly patients frequently can have normal creatinine levels, 
which are misleading, since their muscle mass diminishes and, therefore, serum 
creatinine diminishes. Hence, a serum creatinine within the normal range can exist 
despite abnormal renal function. Estimating the creatinine clearance is a more effec-
tive way to assess renal function. When properly evaluated, creatinine clearance 
alone has identified approximately 60% of critically ill medical patients aged 
70 years and greater as having some degree of renal impairment [20].

4.5  Specific Anticoagulants

Despite the increased risk of thromboembolism in elderly patients, physicians in the 
real world environment are often reluctant to treat the elderly with anticoagulants 
because of concerns about bleeding. Recognizing the appropriate balance of risk of 
thrombosis versus bleeding and how to modify treatment offers patients the best 
chance of appropriate care

4.5.1  Unfractionated Heparin

Unfractionated heparin is the most commonly recommended anticoagulant for ini-
tial therapy in patients with acute VTE. Unfractionated heparin is affected by renal 
dysfunction. It has been shown that the elderly have an increased risk of bleeding 
with higher heparin levels after standard heparin doses [17] and that lower doses of 
unfractionated heparin are required to maintain therapeutic anticoagulation [21]. 
Since unfractionated heparin has a short half-life, can be rapidly adjusted, and can 
be fully reversed, it is usually recommended as the initial therapy in patients with 
renal dysfunction.

4.5.2  Enoxaparin

A number of studies have been performed evaluating the use of enoxaparin at thera-
peutic doses, adjusted doses, and prophylactic doses in patients with renal dysfunc-
tion. Lin et al. [18] published a meta-analysis of patients receiving enoxaparin with 
compromised renal function (creatinine clearance <30 ml/min). They found that 
when enoxaparin was administered at routine therapeutic doses, it was associated 
with a supratherapeutic anti-Xa level and a two to threefold increased risk of major 
bleeding. When the enoxaparin dose was adjusted, a therapeutic anti-Xa level was 

4 Deep Vein Thrombosis in the Elderly



84

maintained without an increased risk of major bleeding. Patients with renal dys-
function accumulated enoxaparin even at prophylactic doses if they were not 
adjusted.

The manufacturer of enoxaparin recommends that in patients with a creatinine 
clearance of less than 30, prophylactic doses be reduced to 30 mg once daily and 
therapeutic doses be reduced to 1 mg/kg once daily.

4.5.3  Dalteparin

A small number of studies in patients of older age and renal impairment have been 
performed. Data suggest that the administration of prophylactic doses of dalteparin 
in patients with renal dysfunction is not associated with accumulation, and dose 
reduction is not recommended [22–24].

Limited data are available to guide therapeutic doses of dalteparin in patients 
with renal dysfunction [22–25]. These studies demonstrated that when peak anti-Xa 
levels were measured 4 h after dosing, no bioaccumulation of dalteparin was 
observed. The use of dalteparin reduced VTE events and was not associated with an 
increased risk of major hemorrhage. However, patients with profound renal dys-
function were excluded.

The manufacturer of dalteparin does not provide any information about dose 
adjustment in the elderly or renally impaired patients.

4.5.4  Tinzaparin

Evidence exists that the low-molecular-weight heparin tinzaparin may have a better 
safety profile in elderly patients with renal dysfunction. Tinzaparin is a larger mol-
ecule than other low-molecular-weight heparins, with an average molecular weight 
of 5500–7500 Da. A small study by Siguret et al. [26] evaluated patients with acute 
thromboembolic disease with a mean age of 87 years using a dose of 175 anti-Xa 
IU/kg daily for 10 days. The mean anti-Xa activity was measured as no correlation 
was found between anti-Xa activity and creatinine clearance. There were no major 
bleeding complications and no heparin induced thrombocytopenia.

A much larger study by Pautas et al. [27] evaluated the safety profile of tinzapa-
rin in elderly patients with compromised renal function. Median age was 85, with 
mean creatinine clearance of 51. Patients were treated with tinzaparin 175 anti-Xa 
IU/kg daily. The measured anti-Xa activity did not correlate with age or creatinine 
clearance. Complications occurred in 1.5%, and heparin-induced thrombocytopenia 
occurred in 1%.

The results of these studies suggest that the larger molecular weight tinzaparin 
may be preferable in elderly patients with compromised renal function in whom a 
low-molecular-weight heparin therapy is preferred.

The manufacturer of tinzaparin does not recommend dose adjustment in elderly 
renally impaired patients.
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4.5.5  Vitamin K Antagonists

Bleeding is the most feared complication of anticoagulation in patients, especially in 
older patients. The risk of bleeding significantly increases in older individuals. As 
mentioned earlier, age is a dose-related risk factor, with the elderly facing consider-
ably increased risk. It has become apparent that age is also a major increased risk 
factor for bleeding complications. Vitamin K antagonists (VKA) belong to the group 
of medicines that cause the most adverse drug reactions in older patients [28].

Hutten et al. [29] performed a systematic review and concluded that in patients 
taking Vitamin K antagonists, there was a twofold increased risk of bleeding in 
patients greater than 60 years of age than those less than 60 years of age.

Across all age categories, the risk of hemorrhage is higher during the first 
3 months after the initiation of VKAs. In the ISCOAT trial, major and minor bleed-
ing complications were 11.0 per 100 patient years in the first 3 months compared to 
6.3 per 100 patient years, thereafter (p < 0.001). Older patients are frequently at 
higher risk for falls than younger patients and, therefore, are presumed to be at an 
increased risk of intracranial hemorrhage. Often, the risk for falls and subsequent 
intracranial bleeds are cited as contraindications to antithrombotic therapy in the 
elderly. However, there are few data to substantiate this concern. Bond et al. [30] 
evaluated the risk of hemorrhagic complications in patients who fall. In general 
there is a 5–10% risk of major hemorrhagic injury due to falls; however, patients 
who take warfarin were not at higher risk than those not taking an anticoagulant 
[29]. Man-Son-Hing et al. [31] calculated that patients taking warfarin for atrial 
fibrillation would have to fall 295 times per year for warfarin not to have a favorable 
risk-benefit ratio.

The rate of major bleeding of patients of all ages being treated with VKAs ranges 
from 1.2% to 7.4% per year, depending upon the study. Clinical trials, however, 
report major bleeding rates between 0.5% and 4.2% per year. The bleeding rates in 
major trials may underestimate those in broad-based clinical practice, due to patient 
selection and protocols for careful monitoring.

Table 4.2 summarizes selective studies which reveal information regarding age- 
related bleeding in patients on Vitamin K antagonists. Many of the patients treated 
in these trials were those with atrial fibrillation; however, the age distinction is what 
appears important as related to age-related risk.

Intracranial hemorrhage (ICH) represents a major cause of iatrogenic death in 
patients treated with VKAs. In the SPAF II trial, advanced age was a predictor of 
ICH. The rate of ICH was 0.6% per year in patients receiving warfarin who were 
less than 75 years of age and 1.8% per year in those greater than 75 years of age 
(p = 0.05) [38]. In the ISCOAT study, ICH was significantly more frequent in the 
elderly (≥75 years vs. <70 years, RR 6.5; p = 0.047).

There are numerous factors that put elderly patients at risk of bleeding from 
VKAs. Comorbidities such as impaired liver function, congestive heart failure, diar-
rhea, and fever have been identified as risk factors for high international normalized 
ratios (INRs). Acute illness and deterioration of chronic comorbidities as well as 
changes in weight, physical activity, dietary intake, and alcohol consumption are all 
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contributory. Interestingly, poor compliance is not an issue in most elderly patients. 
These factors are superimposed upon the generally increased risk of ICH with 
VKAs due to their intrinsic inhibition of tissue-factor/Factor VIIa complexes. Tissue 
factor/Factor VIIa complexes are present in high concentrations in the brain, which 
have neuroprotective properties in the event of injury. Inhibition of this neuroprotec-
tive pathway by VKAs may account for the differential rates of ICH between direct 
oral anticoagulants (DOACs) and VKAs.

4.5.6  Direct Oral Anticoagulants

The direct oral anticoagulants are a new class of drugs that are made up of small 
molecules, nonpeptidic, and orally available and directly inhibit one of two key 
serine proteases, thrombin (Factor IIa [dabigatran]) and Factor Xa (rivaroxaban, 
apixaban, edoxaban).

These drugs are efficiently absorbed from the GI tract providing rapid therapeu-
tic anticoagulation (1–3 h). They eliminate the need for monitoring, and there is no 
dose adjustment. There is minimal, if any, interindividual difference, minimal drug–
drug interaction, and minimal food interactions. Each of the above-mentioned com-
pounds has been studied head to head against Vitamin K antagonists in patients 
presenting with acute DVT and/or acute PE. Sharma et al. [38] performed a system-
atic review and meta-analysis of randomized controlled trials of the use of DOACs 
in the management of atrial fibrillation and acute venous thromboembolism, where 
VKAs were used as a comparator. Their goal was to evaluate the DOACs for effi-
cacy and harms in comparison with VKA in the elderly participants age ≥ 75 years 
in randomized trials.

Although 19 multicenter randomized controlled trials were performed, 11 
reported data on elderly patients which were used for analysis.

Table 4.2 Age-related major bleeding on vitamin K antagonists

Clinical trial INR range
Age categories 
(years)

Incidence 
major bleed

Ratio of incidence 
older: younger

EAFT [32] 2.5–3.9 >75
≤75

Overall
2.8%

3.6

SPAF [33] 2.0–4.5 >75
≤75

4.2%
1.7%

2.6 (p = .009)

ISCOAT [34] 2.0–4.5 ≥75
<70

2.1%
1.1%

p = 0.19

ISCOAT [35] 1.0–3.5 >75
≤75

5.1%
1.0%

6.6

Copeland et al. [36] 2.0–3.0 ≥75
60–69

2.9%
2.8%

p = 0.96

Data from Pautas et al. [37]

A.J. Comerota



87

A review of the data demonstrates that the DOACs for VTE are at least as effec-
tive as VKAs in the overall population, and this observation is preserved in the 
elderly age ≥ 75 years (Fig. 4.1). The meta-analysis of bleeding risks with DOACs 
versus VKAs is summarized in Figs. 4.2 and 4.3. The DOACs demonstrated distinct 
differences in bleeding risks compared to VKAs. The direct thrombin inhibitor, 
dabigatran, differed for bleeding between the elderly and the total population, and 
the populations of patients <75. Dabigatraon 150 mg showed a higher risk of major 
bleeding than VKA in the elderly. However, patients <75 years had a reduced major 
bleeding risk versus VKAs. Apixaban and Edoxoban showed a lower major bleed-
ing risk than VKA in both the elderly and younger populations.

Elderly patients receiving dabigatran were at a higher risk of gastrointestinal 
bleeding than those treated with VKAs. All DOACs provided protection against 
intracranial bleeding compared to VKAs (Fig. 4.3).

This analysis by Sharma et al. [38] provides important information for the pre-
scription of DOACs in elderly populations who may be at higher risk of bleeding 
from either concomitant comorbidities or other antithrombotic medications. Proper 
use of this information can favorably alter the risk-benefit ratio when managing 
elderly VTE patients over the long term.

Fig. 4.1 Forest plots for risk of recurrent venous thromboembolism in VTE in Elderly: DOACS 
vs. VKA (Modified from Sharma et al. [38]; with permission)
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4.6  Systemic Thrombolysis

Thrombolytic therapy for acute deep venous thrombosis has evolved to catheter- 
directed approaches. Systemic thrombolysis for VTE is limited to patients with 
PE. Low-risk patients are well treated with anticoagulation alone. High-risk patients 
(massive PE) are those who are hemodynamically unstable and require an interven-
tion to reduce the obstruction in their pulmonary arteries in order to improve upon 
their 50% mortality. Intermediate-risk PE (submassive) patients are those with right 
ventricular dilation or those with biomarker evidence of myocardial stretch (ele-
vated pro–B-type natriuretic peptide [BNP]) or myocardial injury (elevated tropo-
nins).The use of thrombolytic agents in intermediate-risk patients remains 
controversial, especially for those in the older age groups.

Chatterjee et al. [39] attempt to put this into proper perspective in recent meta- 
analysis. They set out to determine the mortality benefit and bleeding risks associated 
with systemic thrombolytic therapy versus anticoagulation in those patients with 
intermediate-risk pulmonary embolism. They further analyze the data (where avail-
able) in patients 65 years and younger versus those older than 65 years (Table 4.3). 
They found a significant mortality reduction in patients treated with thrombolytic 
therapy versus anticoagulation (52% relative risk reduction). Patients of both age 
groups benefited in terms of reduced mortality when treated with lytic therapy. The 
younger patients had no increased risk of major bleeds, whereas those over 65 had a 
significant increased risk of major bleeds (p < .001). The differential in risk/benefit 
would be magnified further if the age cut-off was 75 years versus 65 years.

In elderly patients with high-risk submassive and massive pulmonary embolism, 
it is now our preference to treat these patients with catheter-based techniques [40]. 
Catheter-based techniques, which fragment large central pulmonary emboli after a 
pulse spray of tissue plasminogen activator into the thrombus and with continued 
low-dose infusion (1 mg tissue plasminogen reactor [rt-PA]/h), are an effective way 
to manage these patients resulting in a marked risk reduction in major bleeding 
complications.

Table 4.3 Risk metrics of outcomes for patients treated for pulmonary embolism with thromboly-
sis or anticoagulation: a meta-analysis

Absolute event rate (%)

Outcome Thrombolytic group (%) Anticoagulant group (%) p-value
No. needed to 
treat/harm

Age ≤ 65 yrs

All-cause 
mortality

2.3 4.3 .09 NNT-51

Major bleed 2.8 2.3 .09 NNH-176

Age > 65 yrs

All-cause 
mortality

2.1 3.7 .07 NNT-64

Major bleed 12.9 4.1 <.001 NNH-11

Data from Chatterjee et al. [39]
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4.7  Catheter-Directed Thrombolysis

Patients with symptomatic iliofemoral venous thrombosis who are physically active 
suffer significant postthrombotic morbidity following iliofemoral DVT treated with 
anticoagulation alone as do those with thrombotic obliteration of their popliteal and 
calf veins. In these patients, catheter-directed thrombolysis with intrathrombus infu-
sion of low doses of rt-PA has been shown to effectively reduce postthrombotic 
morbidity [41–43].

Data do not exist which evaluate the differential risk of older patients versus 
younger patients who receive catheter-directed thrombolysis. It is unlikely that we 
will receive any insight from randomized trials, as patients older than 75 years are 
often excluded from randomization.

I have not excluded elderly patients who have had extensive deep venous throm-
bosis from catheter-directed thrombolysis if they are physically active, have a nega-
tive CT scan of the brain, and have no high-risk factor for bleeding. Maintenance of 
activity in the elderly population significantly contributes to their quality of life and 
ongoing good health.

The use of catheter-directed low doses of lytic agents (0.5–1.0 mg/h) and the 
routine use of adjunctive mechanical techniques have contributed significantly to 
reductions in the dose of plasminogen activator and the duration of infusion [44]. 
The use of a high volume (50 cc to 100 cc per h) has accelerated the thrombolytic 
effect more than increasing the dose of rt-PA. Therefore, one can expect favorable 
efficacy outcomes with a reduced risk of bleeding complications. Subsequent to 
thrombolysis, correction of underlying venous stenoses and therapeutic anticoagu-
lation are important for long-term success.

Key Points

• Elderly patients deserve special consideration when they are treated for venous 
thromboembolic disease.

• Thromboembolic risk significantly increases with age; therefore, proper therapy 
is important. Bleeding complications likewise increase risk.

• The newer target specific oral anticoagulants are associated with reduced bleed-
ing complications compared to vitamin K antagonists.

• Catheter-based techniques for high-risk pulmonary emboli and extensive symp-
tomatic deep venous thrombosis offer significant advantage with a reduced risk 
of bleeding complications.

Acknowledgement The author wishes to recognize the expert asssistance of medical writer/
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and Varicose Veins in the Elderly
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5.1  Background

Varicose veins in the extremities are a clinical sequela of chronic venous insufficiency 
(CVI). Previous estimates indicate more than 30 million Americans suffer from CVI, 
with more than half being women [1, 2]. More recently, Kaplan and colleagues esti-
mated 23% of adults have varicose veins and 6% have even more advanced disease 
skin changes, healed ulcers, or active ulcers [3]. In addition to being an unwanted cos-
metic state, varicose veins substantially lower health-related quality-of-life. Patients 
with varicose veins frequently suffer from pain and disability with resultant loss of 
working days and economic disablement. With an aging population and a higher preva-
lence of chronic venous disease in an older population, understanding how the patho-
physiology of chronic venous disease leads to varicosities and applying current 
evidence-based guidelines to their treatment is of the greatest importance.

5.2  Workup for Leg Edema

Lower extremity edema is a common clinical finding, with an array of vastly different 
pathologic etiologies. Therefore, the workup for leg edema must include a narrowing of 
this sizable list of differential diagnoses using clinical insight, as the overuse of multiple 
radiographic and physiologic studies is neither efficient nor financially practical.
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5.2.1  Special Considerations for the Elderly

For patients of all ages, both intrinsic vascular and systemic causes of leg edema 
must be considered in the differential diagnoses. While idiopathic edema is the most 
likely cause of leg edema in women under the age of 50 [4], the considerations are 
different for the elderly population. Of the vascular causes of edema, chronic venous 
insufficiency is the most common, with other etiologies to consider being deep 
venous thromboses and lymphedema. The pathophysiology of CVI is mostly due to 
reflex, but in certain groups, obstruction plays a larger role. In a study of 163 limbs 
in 150 postmenopausal women with a mean age of 68 who had leg swelling as the 
primary complaint and who were unresponsive to conservative therapy, intravascu-
lar ultrasound-guided iliac vein stenting of a venous obstruction resulted in signifi-
cant improvement in swelling and in pain [5]. In as early as 36 months post-stenting, 
approximately 65% of limbs had complete pain relief, with approximately 70% of 
limbs with a subjective improvement in swelling.

In elderly patients who often have underlying comorbidities, other principal 
causes should be entertained. Cardiopulmonary dysfunction may cause chronic 
bilateral leg edema in the form of heart failure, pulmonary hypertension, and associ-
ated obstructive sleep apnea. Other organ dysfunction such as renal disease with 
glomerulonephritis and liver disease may be considered. As the occurrence of cer-
tain malignancies increases with age, the exertion of external pressure from pelvic 
tumors or lymphomas is a less likely but additional cause of chronic bilateral lower 
extremity edema not to be ignored. Lastly, medications have been implicated in 
causing leg edema—most commonly calcium channel blockers (up to 50% of 
patients) and nonsteroidal anti-inflammatory drugs (approximately 5%) [6–8]. 
Additional drug considerations include dihydropyridines and hormones [6].

Following a thorough history and physical to narrow the differential diagnosis 
to chronic venous insufficiency, various diagnostic studies are available for fur-
ther evaluation and confirmation of CVI. Both noninvasive and invasive tech-
niques may be considered, depending on the complexity of the presentation. 
Duplex ultrasound is the mainstay of the standard clinical evaluation. This modal-
ity is both cost- effective and typically readily available, and can be performed 
safely on all patients, including pregnant patients. Additional noninvasive studies 
to consider include air plethysmography (APG) or magnetic resonance venogra-
phy (MRV). Invasive testing such as phlebography or intravenous ultrasound is 
performed selectively for operative planning or for patients with suspected or 
confirmed iliac vein obstruction.

5.2.2  Duplex Ultrasound

The use of duplex ultrasound allows for the evaluation of pathophysiology—reflux 
or obstruction—along with the assessment of anatomical findings at various lev-
els—superficial, deep, and perforating veins. Additionally, this modality provides 
information on the chronicity of deep venous thromboses that may be visualized.
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Typically, multi-frequency 4–7-MHz linear array transducers are used for assess-
ment of lower extremity venous reflux. Often, the exam is performed while the 
patient is standing, with manual compression of the calf or thigh to assess reflux. 
The Valsalva maneuver or automatic rapid inflation/deflation cuffs may also be 
used. Venous reflux, defined as pathologic retrograde flow due to valvular absence 
or incompetence, results in prolonged valve closure times. The cutoff values for 
reflux differ depending on the anatomic location of the vein evaluated: for superfi-
cial veins, the value is greater than 500 ms; for deep veins, the value is greater than 
1000 ms. For perforating veins, while a recommendation is using a cutoff value of 
greater than 350 ms, often the convention is 500 ms. Notably, perforating veins, 
which penetrate between anatomic layers and flow between superficial and deep 
veins, may have inward and/or outward flow with compression and release of the 
leg. When bidirectional flow is seen, the net flow from deep to superficial is used for 
assessment.

While duplex ultrasound of the lower extremity venous system is quick, nonin-
vasive, and inexpensive, its use is limited by the need for an experienced vascular 
technologist to perform the exam and by inter-operator variability. Additionally, it 
is unable to provide direct evaluation of the pelvic vasculature due to anatomic limi-
tations. Indirect evidence of obstruction above the inguinal ligament is inferred by 
lack of venous flow with Valsalva maneuver and loss of respiratory variation.

5.2.3  Air Plethysmography

Air plethysmography (APG) is a noninvasive, physiologic study for the evalua-
tion of venous reflux, calf muscle pump function, and venous obstruction. To 
measure reflux, a low-pressure cuff is first placed around the calf and a baseline 
volume is obtained with the patient resting. Upon standing, the volume tracing at 
plateau reflects the venous volume (VV), with 90% filling time (VFT90) defined 
as the time required to achieve 90% VV. The venous filling index (VFI) is the 
ratio between 90% VV and VFT90; normally, it is less than 2 mL/s. APG also 
evaluates calf muscle pump function. The patient performs a tiptoe maneuver 
followed by a return to rest, with the amount of venous blood expelled from the 
leg defined as the ejection fraction (EF). After ten consecutive tiptoe maneuvers 
with rest in between, the blood remaining in the leg is the residual volume, with 
residual volume fraction (RVF) expressed as a percentage of the baseline volume 
of the leg. Lower RVF values indicate better calf pump function, with a normal 
RVF defined as less than 35%.

Venous obstruction is estimated by APG following an outflow curve obtained 
from the limb. A thigh cuff is inflated, and the VV is measured. After deflation of the 
cuff, the outflow curve is recorded, with a lower outflow fraction (the volume 
expelled after cuff deflation in 1 s divided by VV) reflective of obstruction. Notably, 
outflow is affected by collaterals and limited by technique, making it difficult to see 
compensated obstruction. Taking all aspects of APG into account, the most valued 
aspect of its use is to determine presence and severity of reflux.
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5.2.4  CT Venogram

Computed tomography with contrast enhancement timed for venous filling is useful 
in evaluating centrally located veins that are difficult to image with duplex ultra-
sound. Extrinsic compression from nearby structures or intrinsic obstruction is eas-
ily visualized with this modality, and its use extends to preoperative planning for 
both open and endovascular procedures. However, it is an expensive modality 
which exposes the patient to both radiation and contrast and should not be an initial 
imaging modality to evaluate CVI.

5.2.5  MR Venogram

Magnetic resonance venography, similar to CT venography, allows imaging of the 
central veins and their surrounding structures. While useful in operative planning, 
its expensive nature and risk of nephrogenic systemic fibrosis in patients with renal 
failure preclude it from being a first-line imaging technique.

5.2.6  Phlebography

While once considered the “gold standard” for assessment of chronic venous 
obstruction, phlebography is now used for specific indications due to innovations in 
noninvasive assessment modalities. Indications include diagnosis of a deep venous 
thrombosis when duplex ultrasound is inconclusive or nonfeasible (although this is 
rare in our experience), venous mapping prior to surgical intervention, and evalua-
tion of venous malformations.

Ascending phlebography can be used to clarify the existence of DVT in the 
lower extremity. In this procedure, venous access is obtained through a dorsal foot 
vein, with contrast directed toward the deep system by placing tourniquets at the 
ankle and at the knee, released prior to image acquisition. A luminal filling defect 
with a surrounding rim of contrast or an abrupt cessation of intravascular contrast 
indicates venous thrombosis.

Descending phlebography is used to evaluate incompetent valves in patients with 
suspected CVI, as it provides more localization of specific incompetent segments than 
duplex ultrasound. This procedure requires direct injection of contrast material into the 
deep venous system, often through the common femoral vein. Using a tilt radiographic 
table and C-arm fluoroscopy, a catheter is placed into common femoral vein of the leg 
of interest from an internal jugular or contralateral femoral vein access, and the table is 
elevated to approximately 60°. Contrast is injected in the catheter during quiet respira-
tion and, if the valves are competent, during the Valsalva maneuver. Eccentric reflux 
through one or two valve levels is within normal limits. This imaging allows reflux to 
be graded as the following: 0: no reflux, 1: reflux confined to the upper thigh, 2: reflux 
to femoral but not the popliteal vein, 3: reflux extending to the popliteal vein and 
extending to the calf veins, and 4: reflux through the calf or ankle.
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5.2.7  Special Considerations in the Elderly

Evaluation by duplex ultrasound and APG contain an element of standing for opti-
mal assessment of reflux, although standing is not necessary when evaluating for 
DVT. However, this segment of the population may have more difficulties with 
prolonged standing or may lack the musculature required to perform calf muscle 
pumps. The ultrasound evaluation may be modified by having the patient lie on the 
examination table. However, the APG results may be suboptimal, as there are no 
alternative methods to measuring calf pump function if the patient is unable to per-
form the muscular squeeze.

Phlebography and CT venogram require the administration of iodinated 
contrast, which must be used with caution in an elderly population predisposed 
to impaired renal clearance as its administration may worsen preexisting renal 
insufficiency. MR venogram uses gadolinium, and its administration in patients 
with compromised renal function places them at a higher risk of nephrogenic 
systemic fibrosis. All three modalities require patients to lay supine, which 
may be difficult for patients with heart failure or severe lung dysfunction. In 
addition, magnetic resonance cannot be used in patients with metal-based 
implanted devices—a substantial consideration in an elderly population with 
pacemakers and orthopedic implants.

A degree of malnutrition and dehydration, which may lead to under-distention of 
the venous system and suboptimal examination, is an additional consideration in the 
elderly population. When dehydration is suspected either by history or by physical 
exam (dry mucous membranes or orthostatic hypotension, for example), the assess-
ment would be more accurate by appropriate hydration of the patient prior to per-
forming the evaluation.

5.3  Venous Insufficiency

Chronic venous insufficiency is a venous pathology with resultant clinical 
sequelae ranging from edema to venous stasis ulcers. Compared to the arterial 
system, the vessels of the venous system are highly compliant and easily col-
lapsible due to their thin walls and lack of in situ external support. In normal 
venous physiology, veins in the lower extremity accept venous blood delivered 
by arterial inflow. Due to the high compliance of veins, increasing the venous 
volume by over two and one half times results in only a 0–15 mm Hg increment 
rise in pressure, allowing a significant amount of blood to be sequestered in the 
lower limb without a substantial buildup of intraluminal pressure [9]. However, 
capacitance has been met once the vein distends to its full circular shape, such 
that further increases in volume result in proportional increases in pressure. 
Normally, contraction of the leg muscles, which act as a pump, will expel the 
venous blood volume and propel blood cephalad. The closure of valves along 
the entire venous system—those of the superficial, deep, and perforating veins—
prevents reflux of the venous blood and moves the blood centrally to return to 
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the heart and lungs. However, prolonged pooling of the blood in the lower 
extremity venous system due to valvular incompetence results in sustained 
venous hypertension manifested as edema.

The underlying dysfunction in chronic venous insufficiency is from obstruction, 
valvular insufficiency, calf muscle pump malfunction, or a combination of the three. 
Venous obstruction, which causes venous bloods exiting the lower extremity to 
meet high resistance, results in elevated intravenous pressure. The role of obstruc-
tion is considerable, with reports that suggest venous occlusive disease in combina-
tion with venous insufficiency is found in 55% of patients with chronic venous 
insufficiency, most notably in patients with severe symptoms [10]. Noted findings 
of deep venous obstruction include left common iliac vein compression by the right 
common iliac artery (May-Thurner Syndrome); external iliac vein compression 
from the internal iliac artery on either side [11, 12]; external compression from 
tumors, infection, fibrosis, femoral hernias (femoral vein), and popliteal aneurysms 
(popliteal vein); and external vein wall scarring with webs and bands from deep 
venous thromboses.

While valvular insufficiency is estimated to be the underlying cause in up to 85% 
of cases of symptomatic chronic venous disease, this figure may not account for the 
associated role venous obstruction plays in many cases. Nonetheless, valvular 
insufficiency affects all levels of the venous system. Patients with isolated superfi-
cial valvular reflux tend to exhibit minimal symptoms, but those with perforator or 
deep reflux demonstrate increased risk of progression along higher clinical manifes-
tations in Clinical Etiology Anatomy Pathophysiology (CEAP) classification. In 
patients with venous ulcers, two vein systems were involved in 50–70% of patients, 
with all three systems involved in 16–50% of patients [13–16]. The presence of 
obstruction further compounds the severity of clinical symptoms.

In patients with calf muscle pump dysfunction, the muscle is unable to generate 
the force needed to propel venous blood centrally. Elderly patients are at higher risk 
of this dysfunction from muscle disuse or bedridden status. Muscle fibrosis condi-
tions such as muscular dystrophy are additional causes. Often treatment is limited 
to physical conditioning and muscle rehabilitation.

Correctly diagnosing and classifying chronic venous insufficiency is the founda-
tion to providing accurate treatment and to assessing progress. The CEAP classifi-
cation is based on clinical signs of venous disease (C), etiology (E), anatomy (A), 
and the underlying pathophysiology (P) (Table 5.1). However, while the basic 
CEAP classification allows for a clinical grading and understanding among clini-
cians, it does not allow longitudinal follow-up nor provide subjective information. 
The Venous Clinical Severity Score (VCSS) was subsequently developed to reflect 
clinical changes following treatment (Table 5.2). The VCSS is comprised of ten 
attributes (pain, varicose veins, edema, pigmentation, inflammation, induration, 
number of ulcers, duration of ulcers, size of ulcers, compressive therapy) which can 
be followed longitudinally to reflect developments in a patient’s disease state, with 
both objective and subjective measures.
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Table 5.1 CEAP Classification of Chronic Venous 
Disease

Clinical classification
C0  No visible or palpable signs of venous 

disease

C1  Telangictasias or reticular veins

C2 Varicose veins

C3 Edema

C4a Pigmentation and/or eczema

C4b  lipodermatosclerosis and/or atrophie 
blanche

C5 Healed venous ulceration

C6 Active venous ulceration

Etiologic classification
Ec Congenital

EP Primary

ES Secondary

En  No venous etiology identified

Anatomic classification
As Superficial veins

 1  Telangiectasias/reticular veins

 2  Great saphenous vein (above knee)

 3  Great saphenous vein (below knee0)

 4 Small saphenous vein

 5 Nonsaphenous veins

Ad Deep veins

 6 Inferior vena cava

 7 Common iliac vein

 8 Internal iliac vein

 9 External iliac vein

 10  Pelvis veins (gonadal, broad ligament, 
other)

 11 Common femoral vein

 12 Deep femoral vein

 13 Femoral vein

 14 Popliteal vein

 15  Crural vein (anterior tibial, posterior 
tibial, peroneal)

 16  Muscular vein (gastrocnemial, soleal, 
other)

Ap Perforating veins

 17 Thigh perforator veins

 18 Calf perforator veins

Pathophysiological classification
Pr Reflux

Po Obstruction

Pr,o Reflux and obstruction

Pn  No venous pathophysiology identified

5 Management of Chronic Venous Disease and Varicose Veins in the Elderly



102

5.3.1  Special Considerations in the Elderly

During the workup of CVI, the physician gathers a patient’s full history and physi-
cal and weighs the risk and benefits of any therapeutic interventions. An important 
consideration in the process of weighing operative therapy is the optimal type of 
anesthesia for the procedure. Common modes of anesthesia for venous procedures 
include local tumescent anesthesia (LA), regional anesthesia (RA), and general 
anesthesia. While no dedicated studies exist on the type of optimal anesthesia for 
CVI procedures in the elderly—indeed, optimal anesthesia is largely patient- 
specific—one may extrapolate from studies in the elderly population as a whole. In 
general, anesthesia-associated risks depend on American Society of Anesthesiologists 
classification (ASA score), comorbidities, the type of surgery, and the emergent 
nature of the surgery. A recent Cochrane review of LA, RA, and GA in noncardiac 
surgery for patients >65 years reviewed morbidity and mortality in mostly orthope-
dic and various surgical disciplines (not vascular-specific) [17]. The review found 

Table 5.2 Venous Clinical Severity Score (VCSS)

Attribute Clinical severity

Absent = 0 Mild = 1 Moderate = 2 Severe = 3

Pain None Occasional, not 
restricting 
activity, no 
analgesics

Daily, moderate 
activity limits, 
occasional 
analgesics

Daily, severe activity 
limits, regular use of 
analgesics

Varicose veins None Few, isolated 
branch varices

Multiple, GSV, or 
SSV varices, calf 
only

Extensive, GSV or 
SSV varices, calf 
and thigh

Venous edema None Evening, ankle Afternoon, above 
the ankle

Morning, above the 
ankle, requires 
activity change, 
elevation

Skin 
pigmentation

None or 
focal, low 
intensity (tan)

Diffuse, limited 
in area and old 
(brown)

Diffuse over gaiter 
distribution (lower 
1/3) or recent 
pigmentation 
(purple)

Wider distribution 
(above lower 1/3) 
and recent 
pigmentation

Inflammation None Mild cellulitis, 
limited to 
marginal area 
around ulcer

Moderate 
cellulitis, involves 
most of gaiter area

Severe cellulitis 
(lower 1/3 and 
above) or venous 
eczema

Induration None Focal, 
circum- 
malleolar, 
<5 cm

Medial or lateral, 
less than lower 
third of leg

Enter lower greater 
third of leg or more

No. of active 
ulcers

0 1 2–4 >4

Ulcer duration None <3 month >3 mo, <1 year Not healed >1 year

Ulcer size None <2 cm diameter 2–4 cm diameter >4 cm diameter

Compressive 
therapy

Not used or 
noncompliant

Intermittent use 
of stockings

Use most days Full compliance and 
elevation
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that in elderly orthopedic patients, RA showed a lower early-term mortality rate, 
reduced fatal pulmonary embolisms rates, and lessened postoperative confusion 
compared to GA. However, GA is associated with a lower incidence of hypotension. 
Nausea and vomiting was observed in a lesser extent with LA compared to RA and 
GA in elderly patients undergoing hernia surgery. Overall, the authors note that the 
occurrence of true anesthesia-related complications is rare and that the postopera-
tive complications are often related to the procedure itself, not the anesthetic of 
choice. While difficult to generalize these findings to vascular patients undergoing 
procedures for CVI, physicians must work closely with the anesthesia team to opti-
mize the patient’s individual anesthetic choice.

5.4  Telangiectasias and Reticular Veins

As previously discussed (Table 5.1), the CEAP classification presents a standard-
ized system by which to catalog the clinical findings of chronic venous insuffi-
ciency. As the severity of CVI increases, the patient’s concerns typically shift from 
cosmetic to impaired functional status and discomfort. In the early stage with telan-
giectasias and reticular veins (C1), however, cosmetic concerns typically drive the 
request for physician evaluation and potential invasive intervention. In addition to 
discussing surgical risks and benefits as with all patients, providers must make 
aware to patients whose clinical severity is C1 that the insurance coverage may not 
extend to procedures performed for cosmetic indications.

Patients with C1 disease with cosmetic concerns or minimal symptoms may ben-
efit from local ablative therapies [18]. These include chemical-based therapies such 
as sclerotherapy and heat-based therapies such as thermocoagulation and laser treat-
ments. Sclerotherapy is often used for smaller affected veins, and common scleros-
ing agents are classified as detergents, hypertonic solutions, or chemical irritants. 
While the agents act through different mechanisms, the ultimate result is sclerosis 
through endothelial cell injury. Heat-based therapies also produce endothelial 
injury, resulting in thrombosis and eventual fibrosis of the treated vein. Regardless 
of the modality used to treat telangiectasias or reticular veins, posttreatment com-
pression of the lower extremity is recommended for more effective sclerosis and 
improved cosmetic results. Postoperative bruising and hyper-pigmentation of the 
treated areas are potential outcomes, which must be discussed specially with patients 
who are undergoing the procedure for cosmetic purposes. Both bruising and the 
hyper-pigmentation, caused by deposition of dermal hemosiderin, fade over time.

5.5  Varicose Veins

As CVI continues to progress from reticular veins and telangiectasias, varicose 
veins develop, marking C2 disease in the CEAP classification. This chronic condi-
tion is estimated in more than 20% of adults in the United States [3], and risk factors 
include older age, female gender, multiparity, family history, obesity, history of 
thrombophlebitis, or history of thrombosis. As previously discussed in the “Venous 
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Insufficiency” section, the underlying etiology of the development and progression 
of CVI is from valvular insufficiency leading to reflux, obstruction, calf muscle 
pump malfunction, or a combination of these factors. While some patients with 
varicosities may not present with symptoms, those with more advanced disease may 
complain of heaviness of the legs, tingling, achiness, prutitis, pain, and fatigue. 
These symptoms are often exacerbated by prolonged dependency or heat and 
relieved by leg elevation or compression elastic bandages or stockings. The pres-
ence of varicosities is often more than a nuisance or a cosmetic concern—they are 
a frequent cause of discomfort, disability, and decreased quality of life.

Following a dedicated history and physical and imaging (duplex scanning as the 
most common noninvasive modality) confirming varicose veins from underlying 
CVI, treatment options are considered on a patient-specific basis. The clinical prac-
tice guidelines of the Society for Vascular Surgery and the American Venous Forum 
[19] provide recommendations to enhance consistent evidence-based approaches to 
care for patients with varicose veins and associated chronic venous diseases, and 
they encompass medical therapy, compression, and surgical interventions.

Medical treatment incorporates venoactive drugs for the treatment of symptoms 
of varicose veins, though they do not address the underlying etiology. While the 
exact mechanism of action for most of these agents is unknown and they are unavail-
able in the United States, their use is intended to improve venous tone and capillary 
permeability. A recent Cochrane review by Martinez and colleagues analyzed 44 
studies and found diosmin, hesperidin, and MPFF were the most effective venoac-
tive drugs [20]. Diosmin and hesperidin also helped with the healing of trophic skin 
changes and treated cramps and swelling. Cramps and restless legs were also 
reduced by calcium dobesilate. Rutosides reduced venous edema. Overall, the 
meta-analysis concluded that evidence was insufficient to support the global use of 
these agents in the treatment of chronic venous disease.

Compression therapy is the most often used treatment of varicose veins and comes 
in various forms including elastic compression stockings, multilayer elastic wraps, 
bandages, and Unna boots. The use of compression is recommended in order to 
decrease venous hypertension in the lower extremities. While randomized control tri-
als have not suggested definitive compressive pressures for addressing C2 disease, 
currently, the SVS/AVF Guideline Committee suggests graded prescriptions stock-
ings with an ankle pressure of 20–30 mm Hg (Grade 2C). The use of compression 
therapy prior to consideration for surgical therapy may be a requirement for some 
practitioners due to insurance company policies for coverage. The REACTIV trial 
(Randomized Clinical Trial, Observational Study and assessment of Cost-Effectiveness 
of the Treatment of Varicose Veins), which randomized 246 patients with C2 disease 
to conservative management or surgery, demonstrated a significant quality of life ben-
efit for surgery in the first 2 years after treatment, with substantial improvements in 
symptomatic and anatomic measures [21]. As noted in the SVS/AVF guidelines, there 
is virtually no scientific evidence to support requiring a trial of compression prior to 
more aggressive intervention, even though third- party payers often require it. Indeed, 
the REACTIV trial as described above has demonstrated that surgical treatment to 
treat superficial reflux is more efficacious and more cost-effective.
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5.5.1  Special Considerations in the Elderly

In addition to considering the quality of life improvement from surgical interven-
tion compared to compression alone, one must consider the limited functional abil-
ity the elderly population may have in applying elastic stockings. Patients with 
limited strength, pain from arthritis, chair- or bed-bound status, and obesity will 
predictably have difficulty with tight elastic stockings or wraps. In these patients, 
assistive devices, reliable family members, or nursing aides may improve compli-
ance and effectiveness of this conservative approach.

Frequent surgical options include ablation of axial reflux by radiofrequency 
ablation (RFA) or endovenous laser treatment (EVLT) and phlebectomy by transil-
luminated powered phlebectomy (TIPP), stab approach, and, when relatively small, 
with sclerotherapy. Classically, the surgical approach for varicose veins was liga-
tion and stripping, which was associated with large skin incisions and nerve injury. 
Over the past decade, endovenous thermal ablation has replaced much of the previ-
ous approach except in circumstances such as an exceptionally large and tortuous 
saphenous vein located immediately under the skin or difficult cannulation of the 
affected vein due to previous thrombophlebitis. Notably though, limited incisions 
are still made to perform ligations and miniphlebectomies of bulging varicosities of 
the great and small saphenous vein.

Endovenous thermal ablation is performed on the saphenous veins in place of the 
previous maximally invasive open surgical technique. This method encompasses 
both radiofrequency ablation (RFA) and endovenous laser treatment (EVLT): with 
both, the endothelium of the vein is destroyed by direct thermal energy to the vein 
wall, ultimately leading to fibrosis and thrombosis of the vein. The percutaneous 
placement of the radiofrequency or laser ablation catheter is minimally invasive, 
and the procedure is performed under direct ultrasound visualization to ensure both 
complete treatment of the saphenous vein and no thrombotic extension into the deep 
system. This outpatient procedure is then followed by the application of either elas-
tic or nonelastic wraps or graduated compression stockings for at least 1 week, with 
encouragement to ambulate the same postoperative day to minimize risk of DVT 
and PE. Thrombosis prophylaxis is routine as well and driven by individual patient 
thrombosis risk assessment. Postoperative progress may be tracked with VCSS 
changes. Other new non-heat-inducing techniques to close off incompetent saphe-
nous veins are being developed today, including mechanicochemical and glue.

For the branch varicosities, traditionally stab incision technique and the use of spe-
cial vein hooks can be employed. Transilluminated powered phlebectomy (TIPP) is 
another technique used to remove large clusters of varicosities. It is often performed in 
combination with endothermal ablation to address both the source of reflux in addition 
to the cluster of varicose veins. In this approach, typically only small incisions are nec-
essary in order to pass the instruments: an illuminator with a fiber optic cable for transil-
lumination under the skin and delivery of tumescence irrigation, a central power until 
with an irrigation pump and a control of resection oscillation speeds, and a resector hand 
piece. Additionally, small punch incisions are made to drain the blood following phle-
bectomy, which is further cleared out with the tumescence fluid.
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At our institution, the University of Michigan, 979 limbs from 3/31/2008–6/4/2014 
were evaluated who had undergone RFA + TIPP compared to RFA alone. VCSS 
improved more with RFA + TIPP (3.8 ± 3.4 vs. 3.2 ± 3.1, p = 0.018) compared to RFA 
alone. Postoperative complications assessed were deep venous thrombosis/pulmonary 
embolism, EHIT (endovenous heat-induced thrombosis), infection, hematoma, and 
superficial venous thrombosis (SVT). More hematomas (p < 0.001) and SVTs 
(p = 0.01) occurred in patients who had undergone RFA + TIPP compared to RFA 
alone; other differences in complications between the two procedures were not sig-
nificant. These results suggest RFA + TIPP provides improved VCSS with only incre-
mental increases in morbidity for patients with symptomatic varicose veins and 
superficial venous insufficiency and should be considered first-line therapy. From the 
same University of Michigan database, a subset of these patients aged 65 and older 
who underwent RFA versus RFA + TIPP was analyzed for VCSS changes and the 
same complications as above, and WAS compared to those under age 65. Notably, 
with the age 65 and older subset, there was a trend toward a higher percentage of 
patients who had RFA alone compared to RFA + TIPP. In comparison to the entire 
group and to those under age 65, VCSS improved more with RFA alone compared to 
RFA + TIPP, although both groups improved VCSS improvement 4.1 and 3.8 for RFA 
and RFA + TIPP, respectively. Compared to the all-ages complications, the age 65 and 
older subset did not have significant differences in complications between the two 
procedures. In the older patients, thus they appeared to improve more with the lesser 
procedure. We speculate that this is because the underlying concern with the elderly is 
addressing their pain rather than the concern of the extent of the varicosities.

5.6  Venous Stasis Ulceration and Therapeutic Interventions

Venous leg ulcers (VLUs) are defined as open skin lesions of the leg or foot which 
occur in areas affected by venous hypertension and venous stasis. They account for 
70% of all leg ulcers and are the most common ulceration of the lower extremity [22]. 
The Edinburgh study, a cross-sectional study examining 1566 subjects from age 18 to 
64, found an estimate of venous leg ulcer prevalence of 1% with increasing prevalence 
with age [23]. An estimated 20% of the 2.5 million people in the United States who 
suffer from chronic venous insufficiency develop venous ulcers at some stage of their 
lives [24], and the estimated direct cost of treating these ulcers has been estimated to 
be $2500 per month per patient [25]. With such an economic impact and health care 
burden, it is of utmost importance that the treatment protocols given to patients are 
effective in maximizing the healing of VLUs and minimizing their recurrence.

The clinical practice guidelines of the Society of Vascular Surgery and the 
American Venous Forum impart a consistent approach to diagnosing and treating 
venous leg ulcers [26]. They provide both best practice guidelines for approaches 
with the strongest level of evidence and, for guidelines with less definitive evi-
dence, recommendations and suggestions for additional approaches to care. Select 
guidelines and recommendations are presented below for clinical evaluation, wound 
care, compression, ancillary measures, and primary prevention.
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 A. Clinical Evaluation
Best practice guidelines recommend clinical evaluation performed for evidence 
of chronic venous disease for all patients with suspected leg ulcers. Additionally, 
medical conditions that affect ulcer healing and nonvenous causes of ulcer 
should be identified. All patients with VLUs are recommended to be classified 
with CEAP, revised Venous Clinical Severity Score, and venous disease- specific 
quality of life assessment.

Additional suggestions and recommendations include a recommendation for 
comprehensive venous duplex ultrasound exam of the lower extremity in all 
patients with suspected VLUs (Grade 1; level of evidence B) and a recommen-
dation for wound biopsy for leg ulcers that do not improve with standard wound 
and compression therapy after 4–6 weeks (Grade 1; level of evidence C). They 
also recommend arterial pulse exam and measurement of ankle-brachial index 
on all patients with VLUs (Grade 1; level of evidence B). The guidelines suggest 
against routine culture of VLUs, but to obtain when clinical evidence of infec-
tion is present (Grade 2; level of evidence C).

 B. Wound Care
There are no best practice guideline recommendations for wound care.

Additional suggestions and recommendations include a recommendation for 
VLUs to receive thorough debridement at their initial evaluation to remove 
obvious necrotic tissue (Grade 1; level of evidence B) and a recommendation 
that surgical debridement be performed for VLUs with slough, nonviable tissue, 
or eschar, with serial wound assessment for determining the need for repeated 
debridement (Grade 1; level of evidence B). The guidelines recommend that 
cellulitis surrounding the VLU be treated with systemic gram-positive antibiot-
ics (Grade 1; level of evidence B) and suggest against systemic antimicrobial 
treatment of VLU colonization or biofilm without clinical evidence of infection 
(Grade 2; level of evidence C). Additionally, they recommend VLUs with clini-
cal evidence of infection to be treated with systemic antibiotics guided by wound 
culture sensitivities (Grade 1; level of evidence C). Initial preferences are oral 
antibiotics, with a duration limited to 2 weeks unless there is persistent evidence 
of infection (Grade 1; level of evidence C).

The guidelines suggest hydrosurgical debridement as an alternative to standard 
surgical debridement (Grade 1; level of evidence B) and suggest against ultrasonic 
debridement over surgical debridement (Grade 2; level of evidence C). They sug-
gest application of skin lubricants under compression to reduce dermatitis to sur-
rounding skin (Grade 2; level of evidence C) and suggest cultured allogeneic 
bilayer skin replacements to increase the chances for healing in patients with dif-
ficult to heal VLUs who have not shown signs of healing after standard therapy for 
4–6 weeks, in addition to compression therapy (Grade 2; level of evidence A)

 C. Compression
There are no best practice guideline recommendations for compression.
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Additional suggestions and recommendations include a recommendation for 
compression therapy over none to increase VLU healing rate (Grade 1; level of 
evidence A) and a suggestion of compression therapy in patients with healed 
VLUs to decrease risk of ulcer recurrence (Grade 2; level of evidence B). The 
guidelines recommend ablation of incompetent veins in addition to standard 
compressive therapy for patients with VLU (C6) and incompetent superficial 
veins with reflux directed to the bed of ulcer to prevent recurrence (Grade 1; 
level of evidence B). The guidelines also recommend ablation of the incompe-
tent veins in addition to standard compressive therapy for patients with a healed 
VLU (C5) and incompetent superficial veins with reflux directed to the bed of 
the ulcer to prevent recurrence (Grade 1; level of evidence C). Percutaneous 
techniques over open venous perforator surgery for patients who would benefit 
from pathologic perforator vein ablation are also recommended (Grade 1; level 
of evidence C). The guidelines suggest ablation of incompetent veins in addition 
to standard compressive therapy for patients with VLU (C6) and incompetent 
superficial veins with reflux directed to the bed of ulcer for improved ulcer heal-
ing (Grade 2; level of evidence C). They also suggest ablation of both the incom-
petent superficial veins with reflux to the ulcer bed and pathologic perforator 
veins located beneath or associated with the ulcer bed to aid in ulcer healing and 
to prevent recurrence (Grade 2; level of evidence C).

 D. Ancillary Measures
Best practice guidelines recommend nutrition assessment to be performed and 
nutritional supplementation to be provided if malnutrition identified.

Additional suggestions and recommendations include a recommendation for 
treatment with either pentoxifylline or micronized purified flavonoid fraction in 
combination with compression therapy for long-standing or large VLU (Grade 
2; level of evidence B). They suggest supervised active exercise to improve mus-
cle pump function and to reduce pain and edema in patients with VLUs (Grade 
2; level of evidence B) and suggest against use of ultraviolet light for the treat-
ment of VLUs (Grade 2; level of evidence C).

 E. Primary Prevention
Best practice guidelines suggest patient and family education, regular exercise, 
leg elevation when at rest, careful skin care, weight control, and appropriately 
fitting foot wear for patients with C1-4 disease.

Additional suggestions and recommendations incorporate a recommendation 
for compression 20–30 mm Hg, knee or thigh high, for patients with clinical 
CEAP C3-4 disease due to primary valvular reflux (Grade 2; level of evidence C). 
Additionally, they recommend compression 30–40 mm Hg, knee or thigh high, for 
patients with clinical CEAP C1-4 disease related to prior deep venous thrombosis 
(DVT) (Grade 1; level of evidence B). Finally, current evidence- based therapies 
are recommended for acute DVT treatment, as postthrombotic syndrome is a com-
mon preceding event for VLUs (Grade 1; level of evidence B). Low-molecular-
weight heparin over vitamin K antagonist therapy is suggested for 3 months to 
decrease postthrombotic syndrome (Grade 2; level of evidence B).
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A recent systematic review and meta-analysis of surgical approaches compared 
to conservative treatment for VLUs evaluated open surgery versus compression, 
endovascular surgery versus compression, and open versus endovascular surgery. 
Mauck and colleagues did not uncover superiority of either surgical approach to 
conservative therapy for ulcer healing or recurrence outcomes in patients with 
VLUs [27]. However, the SVS/AVF guidelines propose a more aggressive approach 
to promoting ulcer healing, prevent recurrence of an active ulcer, and address a 
healed ulcer as indicated above. Due to the ulcer’s chronicity and high likelihood of 
recurrence, this more aggressive method may be the more appropriate approach to 
improve a patient’s ultimate quality of life.

5.6.1  Special Considerations for the Elderly

VLUs are wounds marked by chronicity and a difficulty in achieving healing without 
recurrence. Elderly patients have a higher prevalence of comorbid conditions that lead 
to poor wound healing such as malnutrition, diabetes mellitus, and arterial vascular 
disease. The intrinsic changes in the components of the skin that occur with aging—
thinned epithelium, reduction in adnexa such as oil glands and sebaceous glands 
resulting in drier skin more prone to cracking, deceased angiogenesis, decline in the 
ability to re-epithelialize—all factor into impaired recovery [28]. These intrinsic fac-
tors cannot be altered, but external factors that can be addressed should be optimized 
to improve the chances of healing. These include maximizing nutritional-balanced 
intake—including the use of protein supplementation with commercially available 
shakes for those with dental or digestive difficulties, improving glucose control and 
compliance with diabetic restrictions, ceasing tobacco use, and improving arterial 
inflow as appropriate. Decreasing ultraviolet light damage by reducing sun exposure 
to beneficial levels should also be encouraged.

Key Points

• Chronic venous disease affects millions of patients in the United States, and its 
prevalence rises with age.

• With an increasing elderly population, practitioners must weigh special consid-
erations specific to caring for all CEAP levels of CVI in this group.

• Special considerations for the care of CVI in the elderly involve unique attention 
to the effects of multiple comorbidities, limited mobility and ability to tolerate 
physiologic testing, the choice of various anesthetics when undergoing surgery, 
and prolonged healing time for skin changes despite medical and surgical 
interventions.

• Surgical treatment of varicose veins has demonstrated significant quality of life 
benefit with substantial improvements in symptomatic and anatomic measures 
compared to conservative treatment alone
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• Our institution’s experience demonstrated a trend toward a higher percentage 
of patients who had RFA alone compared to RFA + TIPP in an age 65 and 
older subset. The VCSS of this subset tended to improve more with RFA alone 
compared to RFA + TIPP, though compared to the all-ages complications, this 
subset did not have significant differences in complications between the two 
procedures.

• The SVS/AVF guidelines are an invaluable approach to evidence-based care in 
the maintenance, treatment, and prevention of CVI.
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6Cerebrovascular Disease in the Elderly

Brajesh K. Lal and Rafael S. Cires-Drouet

6.1  Introduction

Stroke is the fifth leading cause of death and the leading cause of disability in the 
United States [1]. Approximately one third of all strokes are hemorrhagic, while 
two thirds are ischemic in origin [2].

Risk factors predisposing to stroke are more frequent among elderly (>65 year old) 
individuals. Consequently stroke is a common affliction of the elderly [3]. Stroke 
outcome is worse in the elderly. Progressive brain injury from silent infarctions may 
lead to “reduced cerebrovascular reserve” resulting in more catastrophic deficits for 
an equivalent ischemic insult. Many traditional carotid trials have excluded octoge-
narians, and there are few evidence-based guidelines to help determine care in this age 
group. In this chapter, we will define the characteristics of stroke that are unique in the 
elderly. We will also describe optimal and pragmatic management approaches to 
stroke in the elderly as related to carotid atherosclerotic occlusive disease.

6.2  Epidemiology and Rehabilitation of Stroke 
in the Elderly

Age is an important risk factor for stroke. The elderly, age 65 or older, are at an 
increased risk for stroke compared to the general population (8.1% vs. 0.8%) [3]. 
Among 472 stroke events in the Framingham study, risk factors included age, 
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hypertension, diabetes, cigarette smoking, and atrial fibrillation [4]. The incidence 
of each of these risk factors is higher in the elderly and therefore explains the higher 
risk of stroke in this population.

Increasing age is associated with enhanced morbidity and disability after stroke. 
Fifteen to thirty per cent of the elderly are permanently disabled and 26% require 
institutionalization into a nursing home [5]. These rates are less in patients <65 suf-
fering a stroke. Advanced age has a negative impact on stroke mortality too [6]. In 
an analysis of Health Care Financing Administration Medicare Part B patients in 
four communities in the United States, the 1-month case fatality rate for stroke was 
12.6% (8.1% for ischemic strokes, and 44.6% for hemorrhagic strokes) in patients 
age 65 years or older [7]. In 2002, death certificates showed that the mean age at 
death from a stroke was 79.6 years [8].

The estimated cost of strokes in 2008 was 65.5 billion dollars [9]. Projected esti-
mates of the total cost of stroke from 2005 to 2050 is thought to be 1.52 trillion 
dollars for non-Hispanic whites, 313 billion dollars for Hispanics, and $379 billion 
for African Americans [10].

6.3  Medical Management of Risk Factors for Stroke 
in the Elderly

While risk factors for stroke may be more prevalent in the elderly, control of these 
factors results in risk reduction regardless of age. Implementation of an effective 
and aggressive risk factor reduction program in elderly patients is an essential and 
oftentimes the best form of therapy for asymptomatic carotid atherosclerosis.

The relationship between elevated blood pressure and the risk of stroke is linear 
[11]. The Framingham Heart Study and the Atherosclerosis Risk in Communities 
(ARIC) study both concluded that reduction in blood pressure reduced the risk of 
future strokes [12]. Medical management with antihypertensive therapy is generally 
aimed at reducing blood pressure to less than 140/90 for CVA prevention.

Tight serum glucose control in patients with diabetes was traditionally thought to 
reduce the risk of stroke. The Action in Diabetes and Vascular diseases (ADVANCE) 
[13], United Kingdom Prospective Diabetes Study (UKPDS) [14], and Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) [15] study, all tested the 
hypothesis that tight control of serum glucose levels would reduce their risk of 
future cerebrovascular events. However, they all found no reduction in stroke risk 
with hemoglobin A1c levels less than 6.5%. Therefore, only normoglycemic serum 
levels with a target hemoglobin A1c of less than 7% are now recommended among 
diabetic patients.

It is well established that smoking increases the risk for coronary and peripheral 
arterial disease. Similarly, the risk of a stroke is doubled with smoking and an 
aggressive smoking cessation program reduces this risk, based on results from the 
Framingham study [16]. Counseling for smoking cessation in conjunction with 
nicotine replacement therapy are effective approaches to reducing smoking among 
patients and results in a benefit regardless of age.
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Antithrombotic therapy with daily aspirin is recommended by the US Preventive 
Services Task Force for cardiovascular prophylaxis in patients with anticipated car-
diac morbidity [17]. The use of aspirin in asymptomatic carotid atherosclerosis also 
reduces the incidence of stroke. Similar prophylaxis has been shown to be effective 
for secondary prevention of recurrent stroke [18]. Based on the cardiovascular and 
stroke prevention benefits, it is recommended that all individuals above the age of 
50–55 years should receive antithrombotic prophylaxis.

In early studies elevated cholesterol levels were associated with an increased inci-
dence of stroke. Subsequently, high LDL levels and high HDL/LDL ratios have all been 
correlated with an increased risk of stroke and other cardiovascular morbidities. A meta-
analysis of randomized, placebo-controlled, double-blind trials with statin therapy 
reported a greater than 15% reduction in stroke rates [19]. The Education Program-
Adult Treatment Panel III guidelines recommend the use of statins toward a target LDL 
of ≤100 mg/dl for low-risk patients and ≤70 mg/dl for high-risk patients [20]. It has 
been proposed that statin therapy may result in regression of carotid artery atherosclero-
sis. The METEOR study found regression in carotid intima-media thickness (IMT) with 
the use of rosuvastatin [21]. These results were confirmed by the ARBITER trial, com-
paring the effects of two statins (pravastatin 40 mg/day and atorvastatin 80 mg/day) on 
carotid IMT [22]. The benefit of statins appears to extend to patients undergoing revas-
cularization for carotid stenosis too. Patients undergoing vascular surgery suffer fewer 
cerebrovascular adverse events when placed on perioperative statins [23].

6.4  The Role of Carotid Endarterectomy in Stroke 
Prevention for the Elderly

6.4.1  Carotid Endarterectomy

The era of carotid revascularization began in the 1950s with frequent reports of 
direct anastomosis between internal and common carotid artery, carotid endarterec-
tomy, eversion endarterectomy and patch angioplasty along with shunting in quick 
succession. Carotid surgical revascularization experienced rapid expansion over the 
next four decades as a means to prevent stroke from carotid atherosclerosis.

6.4.2  Asymptomatic Carotid Stenosis

In the early 1990s, the VA Asymptomatic Carotid Stenosis Study, Asymptomatic 
Carotid Atherosclerosis Study (ACAS) and Asymptomatic Carotid Surgery Trial 
(ACST) demonstrated a benefit for carotid endarterectomy (CEA) plus best medical 
therapy over best medical therapy alone in asymptomatic patients that were less 
than 80 years of age [24–26]. It is important to note that in the era of ACAS and 
ACST, best medical therapy generally comprised of aspirin 325 mg/day with a very 
small proportion of patients receiving cholesterol-lowering medications and ade-
quate blood pressure and glucose control. In ACAS, 1662 patients ages 40–79 with 
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60–99% carotid stenosis were randomized to surgery versus medical therapy alone. 
Perioperative stroke and death plus post-perioperative stroke were lower in the sur-
gical group as compared to the medical group (5.6% vs. 11.0% over 4 years). The 
ACST randomized 3120 patients between the ages of 40 and 91 with greater than 
60% asymptomatic carotid artery disease to CEA versus best medical therapy. The 
5-year rate for stroke and death in CEA versus medical therapy was 6.4% and 
11.8%, respectively. Patients did not show a measurable benefit until 2 years after 
the surgery. This is understandable, since surgery resulted in an up-front elevated 
risk of stroke and death in the perioperative period.

The general consensus that emerged as a result of these trials was that CEA was 
an optimal treatment for most patients with high-grade carotid artery stenosis, pro-
vided they survived long enough to derive prophylactic benefit (i.e. at least 2 years) 
and the perioperative stroke/death rate was below 3%.

The recently concluded Carotid Revascularization Endarterectomy versus Stent 
Trial (CREST) demonstrated the best peri-procedural outcomes associated with 
CEA that have been reported till date [27]. The primary endpoints were stroke, 
myocardial infarction (MI), and death, and octogenarians were included in the trial. 
The surgeons were rigorously credentialed, and this produced a perioperative stroke, 
death, and MI rate of 1.4% in asymptomatic patients. These excellent results have 
led to several clinicians proposing that the 3% threshold defining safe CEA be fur-
ther reduced to 2%. The study also provided reassurance that CEA could be safely 
offered to octogenarians and that they would derive an equivalent benefit for stroke 
prevention as compared to younger patients.

6.4.3  Symptomatic Carotid Stenosis

Symptomatic carotid disease is defined based on symptoms such as weakness of the 
face, arm, leg, or both; sensory deficit or paresthesia of the face, arm, leg, or both; 
or transient blindness anosognosia, asomatognosia, neglect, visual, or sensory 
extinction, aphasia, alexia, anomia, and agraphesthesia within 6 months of diagno-
sis. Results from two landmark studies guide the current management of symptom-
atic carotid disease, North Atlantic Symptomatic Carotid Endarterectomy Trial 
(NASCET) and European Carotid Surgery Trial (ECST) [28, 29].

NASCET—a multi-center, randomized, prospective trial, commenced enroll-
ment in the late 1980s to compare the efficacy of CEA versus best medical therapy 
for patients with symptomatic carotid artery disease. A total of 659 patients with 
history of carotid territory ischemic events within the previous 120 days were 
enrolled. The study was prematurely terminated at 18 months since the benefit of 
CEA was overwhelming. The 30-day risk of stroke and death in CEA versus medi-
cal therapy was 5.8% versus 3.3%; at 2 years the differential between the two groups 
had expanded to 15.8% versus 32.3%. An additional analysis confirmed that CEA 
also benefited patients with 50–69% symptomatic stenosis [30]. Importantly, 
patients age 75 and older with 50–99% stenosis benefited from CEA more than 
younger patients with the same degree of stenosis [31].
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ECST—a multi-center, prospective, randomized controlled trial enrolled 2518 
patients with symptomatic ischemic strokes to CEA or medical therapy. At 3 years 
CEA patients had a stroke incidence of 2.8% compared to 16.8% in those treated 
non-operatively.

Octogenarians were excluded from the ACAS and NASCET studies but were not 
excluded from ACST and ECST. These patients are now optimized better than ever 
for operative management and have been shown to be at no increased surgical risk 
just by virtue of their chronological age [32, 33]. In fact, subgroup analysis of 
patients older than 75 years was associated with an increased risk of stroke in symp-
tomatic patients managed non-operatively, when compared to the younger-than-65- 
year-old patient population with similar comorbidities [34].

6.5  Carotid Artery Stenting in the Elderly

Successful endovascular revascularization of carotid disease was first reported in 
the 1980s [35]. Carotid artery stenting (CAS) has subsequently evolved with the 
introduction of nitinol stents and embolic protection devices. Several randomized 
trials comparing CEA to CAS have helped elucidate the potential role for CAS in 
the management of carotid disease.

In the early stages of its introduction, the percutaneous minimally invasive nature 
of CAS was thought to be of potential preferential benefit to elderly patients. The 
Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) trial ran-
domized 504 symptomatic patients into angioplasty without embolic protection or 
CEA and achieved stroke or death rates of 10% versus 9.9% in 30-day post- 
procedural period respectively [36]. The results were critiqued due to the unusually 
high rate of stroke in the CEA arm of the study. The Stenting and Angioplasty with 
Protection in Patients at High Risk for Endarterectomy (SAPPHIRE) was the first 
multi-center randomized trial to use mandatory distal embolic protection [37]. The 
30-day peri-procedural adverse event rate for CAS and CEA was 4.8% and 9.8%, 
respectively. The endpoint in this study included non-Q-wave MI and excluding 
these events resulted in elimination of the advantage of CAS over CEA. As experi-
ence with CAS continued to accumulate in the Carotid Revascularization, 
Endarterectomy versus Stent Trial (CREST) lead-in registry, it became apparent 
that while CAS could potentially achieve better results than CEA in certain high- 
risk patients, elderly patients were not part of that category. In fact, octogenarians 
were found to have a stroke rate 4 times more than patients less than 60 years of age 
[38]. The results were so significant that enrollment of octogenarians was halted in 
the registry. This finding was later confirmed in the CREST randomized trial [39]. 
While the composite stroke, MI, and death rate were similar in CEA compared to 
CAS, complications were higher in CAS compared to CEA in patients older than 
70 years of age. Increasing age is generally associated with larger deposits of cal-
cium or atheroma in the aortic arch resulting in increased atheroembolization during 
CAS [40]. The elderly frequently have tortuous vessels that render the procedure 
more technically challenging and hazardous.
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The CREST study also showed that CAS resulted in a lower incidence of cardiac 
events compared to CEA and would therefore be ideal in patients with severe car-
diac comorbidities. In addition, several anatomic conditions may increase the risk 
for peri-procedural adverse events with CEA and therefore benefit from preferential 
treatment with CAS. Distal lesions (above C2 cervical vertebral body) [41], prior 
neck radiation, cervical stoma, or radical neck dissection can increase the risk of 
wound infection or cranial nerve injury. Conversely, long-segment disease 
(>15 mm), circumferential heavy calcification and ulceration aortoiliac tortuosity, 
type III aortic arch, carotid tortuosity are some of the situations where complica-
tions from CAS are enhanced [42].

6.5.1  Cognitive Impairment and Its Association with Carotid 
Stenosis

Carotid artery stenosis is a long-recognized cause of atheroembolic stroke or tran-
sient ischemic attacks (TIAs). An under-appreciated but clinically significant con-
sequence of carotid stenosis may be an insidious impairment in cognitive function 
without associated focal neurologic deficits (stroke, TIA). Cognitive function is the 
production and control of behavioral and mental processes such as thinking, learn-
ing, remembering, problem solving, and consciousness. These processes can be 
objectively quantified by standardized cognitive measures. Cognitive function has 
been documented to affect the well-being of patients and their ability to live inde-
pendent productive lives [43]. As a consequence, cognitive impairment places large 
demands on societal support systems, hospital resources, and financial resources 
[44]. It is well-known that cognitive impairment co-exists in patients with stroke 
from carotid stenosis [45]. However, isolated cognitive deficits in carotid stenosis 
patients currently labeled as being “asymptomatic” in the absence of a focal neuro-
logic deficit have not traditionally been looked for systematically and have there-
fore not been reported in any detail [46].

6.5.2  High Socioeconomic Burden of Cognitive Decline 
in the Elderly

Asymptomatic carotid stenosis has a prevalence of 4.2%, affecting ~12 million 
people in the United States. Among people ≥70 years, prevalence increases to 
12.5% in men and 6.9% in women [47]. Small studies indicate that 34% of 
patients with carotid may be at risk for cognitive impairment thereby potentially 
affecting ~3.4 million individuals [48]. The cost of social and medical care for 
patients with cognitive impairment ranges from $9300 to $21,700/year [44]. 
Conservatively assuming mild cognitive impairment in this population, at 
$9300/year we may be incurring a hidden cost of up to $31.6 billion/year in the 
care of these patients.
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6.5.3  Evidence for Cognitive Decline in Patients with Carotid 
Stenosis

Stroke prevention has been the dominant focus of identifying carotid disease and 
of carotid artery revascularization. The possibility that carotid stenosis could result 
in cognitive impairment in the absence of a stroke has only recently received atten-
tion [48]. A subset analysis of the Cardiovascular Health Study noted significant 
cognitive decline in 34% of 32 patients with asymptomatic CS (≥75%) when seri-
ally tested with a modified mini-mental state examination (MMSE) over 5 years 
[49]. A decline was also noted in patients with stenoses ≥50%, even after adjust-
ments for vascular risk factors. Conversely, Martinic et al. observed normal MMSE 
scores in 26 patients with asymptomatic high-grade carotid stenosis, though they 
did have reduced Montreal Cognitive Assessment scores [50]. Benke et al. observed 
reduced mental speed, learning, visuospatial abilities, verbal processing, and 
deductive reasoning in 20 patients with asymptomatic carotid stenosis compared to 
unmatched controls [51]. In a subset analysis of the Framingham study, 35 partici-
pants with asymptomatic CS ≥50% had significantly worse cognitive performance 
compared to cohorts with increased intima-media thickness alone [52]. In the 
Tromso study, subjects with asymptomatic carotid stenosis performed lower in 
tests of attention, psychomotor speed, memory, and motor function. However, 
there were no significant differences in tests of speed of information processing, 
word association, or depression [53]. Conversely, other studies have not been able 
to demonstrate such associations.

Most broadly accepted cognitive tests have standardized administration proce-
dures with normative comparison groups. Guidelines for cognitive assessment in 
vascular research have been published, derived largely from cardiac surgery and 
medical treatment studies [54, 55]. Testing of both composite and domain-specific 
outcomes, over long follow-up times, has been recommended. The National Institute 
of Neurologic Disorders (NINDS) has encouraged a harmonization of standards for 
identifying and describing cognitive function in patients with vascular disease [56]. 
The makeup of the final test battery must also accommodate practicality of testing. 
We have targeted this issue in a recently completed American Heart Association- 
funded investigation contrasting cognitive outcome after CEA versus CAS [57]. 
Our unique test battery was guided by NINDS recommendations and previous lit-
erature that has documented effects on motor speed, information processing, atten-
tion, and memory. It was sensitive enough to identify clinically relevant impairment 
in either group of patients. We compared cognitive outcome in 46 patients undergo-
ing carotid endarterectomy (CEA = 25) versus carotid artery stenting (CAS = 21) 
for asymptomatic CS ≥80%. Among them, 35% were women and 54% had right- 
sided lesions. The 50-min cognitive battery was performed 1–3 days before and 
4–6 months after each procedure. The analysis of impact was a normalized change 
score (change in composite cognitive score vs. baseline). Raw scores from each 
subtest were transformed into baseline and follow-up Z-scores by using the means 
and SD of the baseline test scores. The difference between the two was the “change 
score.” A positive change score indicated improved cognition. We found that scores 
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for each test improved after CEA except Working Memory Index which decreased 
in 20/25 patients. Improvement occurred in all tests after CAS except Processing 
Speed Index which decreased in 18/21 patients. Both procedures improved overall 
cognitive function and the scores were not significantly different between the two 
procedures (0.51 vs. 0.47 SD, p = ns).

6.5.4  Silent Micro-embolization May Result in Cognitive 
Impairment

In patients with “asymptomatic” carotid stenosis transcranial Doppler (TCD) moni-
toring frequently identifies silent microembolization to the middle cerebral artery 
(MCA) [58], and computed tomography scanning identifies silent brain infarctions in 
15–19% of such asymptomatic patients [59]. Cerebral microembolization is often 
seen in patients with vascular dementia and is associated with accelerated cognitive 
decline [60]. In the Rotterdam scan study, silent cerebral infarcts in elderly people 
doubled the risk of cognitive impairment [61]. These findings were confirmed by the 
Atherosclerosis Risk In Communities study and the Cardiovascular Health Study [62, 
63]. Furthermore, in animal studies, injection of 50 μm microspheres into rat carotid 
arteries resulted in cerebral microinfarctions with reduced attentional performance 
[64]. Therefore, silent microembolization with cerebral microinfarction in patients 
with otherwise “asymptomatic” CS may result in cognitive impairment.

6.5.5  Cerebral Hypoperfusion May Result in Cognitive 
Impairment

Chronic cerebral hypoperfusion contributes to the onset of clinical dementia [65]. 
Verbal, performance, and full-scale IQ are all impaired, as are verbal fluency and 
Rey figure copy performance, among patients with carotid disease and reduced 
cerebral blood flow [66]. Carotid cross-clamping also results in EEG waveform flat-
tening and attentional deficit [67]. While chronic or acute cerebral hypoperfusion, 
and systemic hypotension, are all associated with cognitive dysfunction, it is not 
certain whether cerebral hypoperfusion influences cognitive outcome in patients 
with carotid stenosis. As cerebral perfusion pressure falls, cerebral blood flow is 
maintained by autoregulatory arteriolar vasodilation. When the pressure falls low 
enough, as in some cases of severe carotid stenosis, the arterioles dilate maximally 
and vasodilatory challenge with CO2 inhalation cannot be expected to dilate the 
arterioles further. Cerebrovascular reactivity (CVR = Δ cerebral blood flow/Δ par-
tial pressure of CO2) is a standard clinical measure of the ability of cerebral arteri-
oles to respond to changes in PaCO2. Under normal conditions, hypercapnia causes 
vasodilation and increased cerebral blood flow. A decrease in flow indicates reduced 
reactivity, indicating an increased risk of hypoperfusive brain injury. These tests can 
therefore be utilized to assess the role that a fixed carotid stenosis may play in 
reducing brain perfusion and thereby cognitive function.
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6.5.6  Results of the ACCOF Study

The Asymptomatic Carotid Stenosis and Cognitive Function (ACCOF) study is 
the first attempt to identify the isolated impact of asymptomatic carotid stenosis 
on cognitive function [68]. Stenosis patients were compared to patients with simi-
lar vascular comorbidities but no stenosis. Cerebrovascular hemodynamic charac-
teristics were analyzed to elucidate mechanisms impacting cognition. Sixty-nine 
patients with ≥50% asymptomatic carotid stenosis and 60 controls with vascular 
comorbidities without stenosis underwent comprehensive cognitive testing by a 
trained neuropsychologist. Scores were adjusted for age, sex, education, and race 
using normative data. An overall index of cognitive function and five domain-
specific scores were computed. Breath holding index (BHI), an estimate of cere-
brovascular reserve, was measured using transcranial Doppler. Patients were 
assigned to high versus low BHI groups using a cut-off score of 0.69. The stenosis 
group performed worse on the overall composite cognitive score (p ≤ .01) and the 
domain-specific scores for processing speed (p ≤ .01) and learning (p ≤ .05). A 
trend of reduced performance for executive function and attention emerged 
(p = .07). Within the stenosis group, those with low BHI performed worse on 
learning (p < .05), processing speed (p < .09), and overall composite score 
(p < .06). These findings suggest that asymptomatic carotid stenosis is associated 
with cognitive impairment when compared to patients with similar risk factors but 
no stenosis. The deficit is driven primarily by reduced processing speed and learn-
ing and is mild to moderate in severity. A likely mechanism for this impairment is 
reduced cerebrovascular reserve.

Additional studies will be required to establish these findings. If substantiated, 
they have the potential to impact decision-making in the management of patients 
with asymptomatic carotid stenosis, especially in elderly individuals at higher risk 
for developing debilitating dementia.

6.6  Conclusions

Chronological age alone should not be utilized as a criterion to exclude patients 
from consideration for carotid artery revascularization. Current recommendations 
support optimal medical therapy for symptomatic patients with less than 50% ste-
nosis or in asymptomatic patients with less than 70% stenosis. CEA is preferred 
over CAS for asymptomatic patients with high grade (≥70% stenosis) when the 
anticipated perioperative stroke and death rate is less than 3%. In patients that are 
≥70 years of age, with a long (>15 mm) lesion, and with preocclusive stenosis, CEA 
is preferred over CAS. Symptomatic patients with >50% stenosis are generally best 
treated with CEA. However, in the presence of a prior cervical operation or radio-
therapy, a low lesion that extends proximal to the clavicle or a high lesion that 
extends distal to the C2 vertebral body, prior cranial nerve injury, severe uncorrect-
able coronary disease, congestive heart failure, or chronic obstructive pulmonary 
disease, CAS is preferred over CEA (Fig. 6.1).
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Key Points

• Stroke is an important cause of death and leading cause of disability in the United 
States

• Risk factors predisposing to stroke are more frequent among elderly
• Stroke is more common among the elderly
• Stroke outcome is worse in the elderly
• Control of risk factors reduces stroke rates regardless of age
• Patients age 75 and older with 50–99% stenosis benefit from carotid endarterec-

tomy more than younger patients with the same degree of stenosis
• Elderly patients with high-grade carotid artery stenosis of 70% or more also 

benefit from carotid endarterectomy
• Carotid artery stenting in patients aged 70 years or more is associated with an 

increased risk of stroke and death compared to carotid endarterectomy
• Asymptomatic high-grade carotid artery stenosis may be associated with cogni-

tive impairment, and more information is needed to explore its impact on the 
functional status of older individuals
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7Aortic Aneurysm Disease in the Elderly

Max Wohlauer and Matthew J. Eagleton

7.1  Introduction

Aortic aneurysm disease has remained a challenging clinical pathology for centuries. 
The primary risk of aortic aneurysmal disease is death from rupture. Currently, there 
are no medical therapies that effectively prevent rupture, let alone induce regression 
of the diseased aorta. For decades, surgical repair of the aortic aneurysm has been the 
mainstay of therapy, at least in patients who were fit enough to tolerate this major 
operation. In the 1990s, Parodi et al. revolutionized the treatment of abdominal aortic 
aneurysms (AAA), and ultimately all aneurysm repairs, with the development of 
endovascular aortic aneurysm repair (EVAR) [1]. The development of this technol-
ogy has consistently demonstrated decreased short-term mortality when compared to 
open repair [2]. The decrease in short-term mortality following EVAR, however, is 
offset by the need for increased rates of reintervention at later time points, which may 
add to the morbidity and cost of treating aneurysmal disease. With a decrease in 
perioperative mortality, questions are raised about the futility of treating higher risk 
patients who may not previously been offered repair – such as the aged population. 
These questions transcend the endovascular treatment of AAA, and with the evolu-
tion of the technology also apply to the endovascular treatment of thoracic aortic 
aneurysms (TEVAR) and to the use of fenestrated and branched endovascular ther-
apy (F/-B-EVAR) to treat thoracoabdominal aortic aneurysms (TAAA). When con-
sidering endovascular or open surgery in the aging population, the untreated 
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aneurysm should be considered the major driving factor in late mortality rather than 
a patient’s other comorbidities [3]. With increasing ability to perform endovascular 
surgery, perhaps it is prudent to rephrase the question from “Will this patient survive 
the procedure?” to “Will the procedure prolong the patient’s life?”

7.1.1  Definition of “Elderly” Men Versus Women

Elderly is typically defined as age >65 years. This definition is being challenged. For 
the US population, 65-year-old males have a life expectancy of 18 years and females 
have a life expectancy >20 years. Overall life expectancy at age 75 is 12 years, at 80 
is 9 years, and at 85 years of age it is 6.1 years. For males, life expectancy is slightly 
lower than females: at age 75 is 11 years, at 80 is 8.2 years, and at 85 is 5.8 years. For 
females, life expectancy at age 75 is 13.6 years, at 80 is 9.7 years, and at 85 is 
6.9 years [4]. As a general principle it has been determined that to garner a “benefit” 
for repair of aortic aneurysmal disease, patients must have a 2-year survival beyond 
the time of the repair. Based simply upon age at presentation, all patients would be 
deemed potential candidates for benefiting from aneurysmal repair.

7.1.2  Who Is at Risk?

It is difficult to define “high risk” with respect to patients with aneurysmal disease. 
Cigarette smoking is the strongest risk factor for aneurysm development. Other risk 
factors for the development of aneurysms include advanced age, obesity, atheroscle-
rosis, positive family history, hypertension, and hyperlipidemia. In addition to iden-
tifying those at risk for developing aneurysmal disease, surgeons must also determine 
those who are at risk for repair of aneurysmal disease. Many of the risk factors for 
aneurysm development also make patient at higher risk for aneurysm repair. A recent 
review of the Vascular Study Group of New England database showed that advanced 
age, presence of cardiac disease, COPD (on home oxygen), and renal disease (GFR 
<30) significantly alter the risk benefit profile away from offering repair. Specifically, 
the presence of COPD on home oxygen had (hazard ratio of 3, CI 2–4.5, p < 0.001), 
unstable angina or recent MI (hazard ratio [HR] 4.2, CI 1.7–10.3, p < 0.001), chronic 
kidney disease with GFR < 30 (HR 3, CI 1.9–4.7, p < 0.001) suggested unsuitability 
for repair. Age 75–79 had a hazard ratio of 2 (confidence interval [CI] 1.4–2.8, 
p < 0.001), age > 80 (CI 2.7, CI 1.8–3.7, p < 0.001) [5]. In this study, the authors 
found that presence of two or more risk factors was associated with a survival of less 
than 50% at 5 years despite repair. The authors also found that aspirin and statin use 
were protective factors, associated with improved survival.

Factoring into the “high risk” equation is determining whether a patient is fit 
for open surgery. Patients considered unfit for open surgery tend to be offered an 
endovascular repair. Although it seems intuitive that presence of medical comor-
bidities and degree of anatomic complexity would determine fitness for open 
surgery, certain studies challenge this assumption [6].
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7.1.3  Basic Indications for AAA, DTAA, and TAAA Repair

An aneurysm is defined as a dilation of an artery greater than 50% beyond its 
normal diameter. A true aneurysm involves the intima, media, and adventitia of 
the artery. Fusiform aneurysms are characterized by a symmetric, circumferen-
tial dilation, while saccular aneurysms develop as an outpouching of a single 
portion of the arterial wall. The aorta is considered aneurysmal at 3 cm, or greater 
than 50% increase in maximum transverse diameter. Several large studies have 
demonstrated a low risk of rupture in AAA smaller than 5 cm. In the ADAM 
trial, patients aged 50–79 with aneurysms 4−5.4 cm in size were randomized to 
surveillance or immediate open repair. Even though operative mortality was low 
(2.7%), there was no survival benefit for open repair of AAA less than 5.5 cm 
[7–9]. By convention, aneurysms are typically repaired in asymptomatic patients 
with fusiform aneurysms when the size is greater than or equal to 5.5 cm. 
Aneurysm growth more than 1 cm/year is also an indication for repair. 
Symptomatic, mycotic, and saccular aneurysms are indications for repair due to 
unpredictable propensity for rupture.

The risk of thoracic aortic aneurysms is not only rupture, but aneurysms in 
this location also carry with them the risk of dissection. Risks of TAA vary 
depending upon their anatomic location, varying among ascending, arch, 
descending, and thoracoabdominal classifications. An understanding of the nat-
ural history of the disease in these locations is growing. It is interesting to note 
that aneurysms in the descending and thoracoabdominal regions have higher 
growth rates than those in the ascending or aortic arch (0.19 cm/year vs. 0.07 cm/
year) [10]. Similar elevated growth rates were identified for those that had dis-
sections compared to those without (0.14 cm/year vs. 0.09 cm/year). Patients 
with an initial TAA size of 6 cm were associated with nearly a four-fold increase 
in the rate of rupture. The rate of descending TAA rupture approaches 7% per 
year and death from rupture 12% per year for those with an aneurysm size of 
6 cm [11]. Other univariate predictors of rupture include location of the TAA in 
the descending or thoracoabdominal aorta and history of AAA, while male gen-
der was protective [10]. Other risk factors for rupture include smoking, chronic 
obstructive pulmonary disease, age, hypertension, and renal failure [12]. Given 
these data, it is frequently recommended that repair of descending TAA occur 
when the aneurysm diameter reaches 6 cm – although other patient-related fac-
tors must be taken into account. Thoracoabdominal aortic aneurysms have high 
risk of perioperative morbidity and mortality with elective operations; however, 
age alone should not be a contraindication for repair because the complication 
and mortality rates in the elderly population for emergency surgery become 
exceedingly high. For example, the 1-year mortality is 35% in patients 
70–79 years following elective TAAA repair. This increases to 40% in patients 
80–89 years of age. The 1 year mortality increases to 69% when an emergency 
operation is performed [13].
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7.1.4  Preoperative Evaluation

The goal of aneurysm repair is to reduce risk of death from rupture. Patient comorbidi-
ties factor into estimating the degree in which someone will benefit from prophylactic 
repair. Patients with a high risk of rupture and minimal comorbidities should be offered 
repair. The preoperative work up is discussed more thoroughly in another chapter (See 
Chap. 2 in this book, Preoperative optimization of the elderly patient prior to vascular 
surgery). Briefly, a thorough history and physical will help target specific problems that 
need to be addressed before surgery. A complete blood count, basic metabolic panel, 
and PT/INR are typically performed. An ECG helps to identify those at increased car-
diac risk. Dipyridamole-thallium imaging or dipyridamole stress echocardiography may 
be useful in patients with intermediate to high cardiac risk undergoing vascular surgery. 
A chest x-ray is useful to evaluate for occult malignancy in patients with a history of 
cigarette smoking. Pulmonary function tests have shown benefit in patients with COPD 
undergoing cardiac surgery, although the data for AAA repair are less clear [14].

7.1.5  Discussion of How Age Influences Decision-Making

Although advanced age is one of the risk factors for decreased survival after aortic 
aneurysm repair, it is often linked to other comorbidities. Increased age alone does 
not necessarily confer decreased survival. EVAR can be performed with acceptable 
risk even in patients >85 years [15].

EVAR offers a decrease in short-term mortality compared to open repair at the 
expense of increased secondary interventions [2]. Surveillance after EVAR usually 
includes serial CT scans with IV contrast, which is a concern in the elderly popula-
tion whose renal function may already be impaired. Repeated exposure to IV con-
trast during secondary interventions and CT scans can threaten renal function to the 
point of needing dialysis. For this reason, some screening protocols use ultrasound 
for post-EVAR surveillance to detect aneurysm sac enlargement and presence of 
endoleaks. CT scans are typically performed at 1, 6, and 12 months and yearly 
thereafter. Because renal function decreases with increasing age, alternative screen-
ing and surveillance protocols using duplex ultrasound may be considered [16].

Open repair of a ruptured aneurysm carries a mortality of 59% and in-hospital 
mortality of 72% in patients over 80 years of age [17]. Elderly patients are at 
increased risk for development of delirium. A contemporary study showed decreased 
delirium following EVAR, compared to open repair [18].

7.1.6  Using Frailty Scores to Risk Stratify and Counsel Patients 
in Clinic

Because age alone is not a consistent, reliable predictor of outcomes, clinicians 
have looked at other metrics. In a landmark study, Fried et al. described frailty as a 
clinical syndrome with three or more of the following criteria: unintentional weight 
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loss (10 pounds in past year), self-reported exhaustion, weakness, slow walking 
speed, and diminished physical activity. This study, performed in a community set-
ting, showed that presence of frailty was an independent predictor of falls, disabil-
ity, and death. This study laid the groundwork for future research by showing that 
presence of comorbidities are risk factors for the development of frailty and that 
disability is an outcome of frailty, rather than previous notions that frailty, comor-
bidity, and disability were synonymous [19]. The concept of frailty has moved to 
the surgical setting, and a recent study found that frailty is an independent risk fac-
tor for morbidity and mortality in cardiac surgery patients. The effect of frailty was 
not dependent on age of the patient [20]. In conclusion, using frailty scores in clinic 
can help with appropriate patient selection.

7.2  Abdominal Aortic Aneurysm

Abdominal aortic aneurysm is a disease of elderly patients, which begs the question: 
when is a patient too old for surgery? Although recent publications have stratified 
according to type of repair and age at time of surgery, the answer remains unclear. What 
is clear, however, is that 3-year survival in patients with AAA > 5.5 cm turned down for 
repair is a staggering 17%, with half of all deaths attributable to aneurysm rupture [21]. 
Current repair strategies continue to offer either open, conventional surgery or endovas-
cular therapy with EVAR. Open surgery requires either a trans-abdominal or retroperi-
toneal approach with cross-clamping of the aorta in order to halt blood flow thus 
allowing the aneurysm to be opened and replaced with a graft comprised of artificial 
material (Fig. 7.1). Alternately, the aneurysm can be repaired in a less-invasive fashion 
using an endograft (Fig. 7.2). This approach calls for a graft to be inserted through the 
femoral arteries into the aorta obtaining a seal above the aneurysm in the infrarenal aorta 
and below the aneurysm, typically in the iliac arteries. This is accomplished either 
through small incisions over the femoral arteries or in a percutaneous fashion.

Endovascular abdominal aortic aneurysm repair (EVAR) has continued to evolve 
since it was first described in 1991 [1]. The operative technique and technology has 
undergone several major advancements, and EVAR is now felt to be a safe and feasi-
ble alternative to open repair. Three randomized prospective trials have evaluated 
EVAR compared to open surgery including EVAR1, the Dutch Randomized 
Endovascular Aneurysm Management (DREAM) trial, and the Open Versus 
Endovascular Repair (OVER) Veterans Affairs Cooperative Study Group [22–24]. All 
three were randomized, prospective trials that enrolled patients who were deemed fit 
to undergo open surgical repair of an AAA to either EVAR or open repair. All three 
studies demonstrated lower 30-day mortality rates that were lower in the EVAR group 
(0.5–1.7%) compared to the open surgical arm (3–5%). By 2 years, however, these 
differences resolved and survival after EVAR and open surgery were similar. Patients 
undergoing EVAR, however, had shorter hospital stays, had shorter operative dura-
tions, and required fewer blood transfusions. EVAR patients did have increased expo-
sure to fluoroscopy and contrast. Given its promising initial results, it is not surprising 
that EVAR has become increasingly popular over the past decade.
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Fig. 7.1 Illustration of an open repair of an abdominal aortic aneurysm. This is accomplished 
through either a transabdominal or retroperitoneal approach. The aneurysm is exposed and the 
nonaneurysmal aorta above the aneurysm and iliac arteries below the aneurysm are occluded with 
vascular clamps. The aneurysm is opened longitudinally and an artificial graft is sutured in place. 
The aneurysmal segment is not typically resected, but the tissue can be wrapped around the graft 
material providing an additional layer of biologic material (not pictured)

Fig. 7.2 An illustration of an abdominal aortic aneurysm that was repaired with an endograft. The 
endograft is inserted, in pieces, either through small incisions over the femoral arteries or in a 
percutaneous fashion. The main body is deployed in the neck of the aorta, below the level of the 
renal arteries, above the level of the aneurysm. The metal framework of the stent graft provides a 
radial force that helps it achieve a durable seal and fixation in this location. Extension limbs are 
then placed that extend into the iliac arteries for a distal seal and fixation
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One of the most controversial aspects of AAA repair, however, is when to per-
form EVAR and when to perform conventional open surgery. Open surgical repair 
of AAA has long been considered the gold standard, and there is evidence that this 
option provides good long-term durability [25, 26]. EVAR, however, relative to 
open surgery, does not have similar time-tested outcomes data. Recently, longer- 
term outcomes from both EVAR1 and DREAM have been reported [27, 28]. For 
EVAR1 [27], the median follow-up was 6 years (5–10 year range), and at follow-
up the overall aneurysm-related mortality was 1.0 deaths per 100 person-years in 
the EVAR group and 1.2 deaths per 100 person-years in the open repair group 
(p = 0.73). All-cause mortality was 7.2 deaths per 100 person-years (EVAR) and 
7.1 deaths per 100 person-years (open surgery). Graft-related complication rates 
were higher in the EVAR group (12.6 per 100-person-years) compared to the open 
surgical arm (2.5 per 100 person-years, p < 0.001), and significantly more patients 
in the EVAR group required re-intervention (5.1 per 100 person-years vs. 1.7 per 
100 person- years, p < 0.001). In fact, new graft-related complications and re-inter-
ventions were reported for as long as 8 years following EVAR. For DREAM [8], at 
a median follow- up of 6.4 years (5.1–8.2 years), cumulative survival rates were 
69.9% for open repair and 68.9% for EVAR. The cumulative rates of freedom from 
secondary interventions were 81.9% for the open repair group and 70.4% for 
EVAR (p = 0.03). Based on this data, it is clear that EVAR is not without its draw-
backs. These factors may change as the technology improves and as we gain a 
better understanding of the long-term implications of placing an endovascular graft 
in the aorta. Given this, there is debate over whether repair with endovascular therapy 
is as durable as conventional repair, and it is not entirely clear when one approach 
should be used over another. This is especially true for the aged population in 
which there may be potentially higher risks associated with major surgery.

7.2.1  Open Repair Versus EVAR in Octogenarians

A recent retrospective study from France looked at patients 85–93 years of age 
undergoing both EVAR and open AAA repair [15]. This population comprised 6% 
of all AAA repairs at the authors’ institution during the study period. Fifty-six per-
cent of patients underwent EVAR, 44% underwent an open repair. Thirty-day mor-
tality was 6.7% (6% with EVAR, 7.6% open repair). Although the mortality was 
similar, perioperative morbidity in the open repair (OR) group was much higher 
(42% vs. 15%) than in the EVAR group. Complications in the OR group included 
MI, respiratory insufficiency, renal failure, stroke, and multiple organ failure. The 
EVAR group had a higher incidence of midterm complications, which was mostly 
related to appearance of type II endoleak. Overall survival was 53% at 5 years [15]. 
Perioperative mortality is higher but considered acceptable in octogenarians when 
looking at both open and endovascular AAA repair when compared to patients 
<80 years [29]. EVAR is safe in octogenarians, with a 30-day mortality of 1.5% in 
a large database. Not surprisingly, octogenarians do experience a significantly lon-
ger hospital stay [30]. EVAR can be performed with low perioperative mortality 
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leading some to prefer an endovascular approach [31]. Another study showed no 
significant difference in operative mortality or long-term survival comparing open 
repair with EVAR, however, which suggests that either approach may be effective 
in appropriately selected patients [32].

7.2.2  Open Repair Versus EVAR in Nonagenarians

A review of the Nationwide Inpatient Sample Database evaluated mortality in patients 
>90 years compared to patients 18–89 undergoing AAA repair. Mortality in patients 
>90 undergoing open AAA repair was 18.3% compared to 4.6% in patients <90. EVAR 
in nonagenarians carried a 3.1% mortality compared to 1.2% mortality in patients <90. 
The authors concluded that EVAR in nonagenarians is preferable to open repair. EVAR 
in nonagenarians was associated with a higher complication rate compared to younger 
patients in a recent systematic review [33]. Thirty-day mortality was 4%, considerably 
higher than the 1.8% mortality in the pivotal EVAR trial and 5-year mortality was 17% 
[27]. Although complications are higher in the >90 group compared to younger 
patients, EVAR carries substantially lower mortality compared to open repair and 
should be offered selectively to appropriate surgical candidates.

7.3  Thoracic Aortic and Thoracoabdominal Aortic 
Aneurysms

Thoracic aortic aneurysms and their relative the thoracoabdominal aortic aneurysms 
provide an even greater clinical challenge. Conventional open repair remains a 
major invasive surgical operation with significant inherent risk. This is frequently 
related to the requirement of a thoracotomy and the subsequent pulmonary morbid-
ity associated with this in those undergoing TAA repair. TAAA repair has the added 
morbidity of requiring revascularization of the visceral vessels leading to increased 
rates of post-operative renal failure and spinal cord ischemia. Similar to AAA, 
endovascular approaches to these pathologies may significantly alter the short-term 
outcomes and allow for treatment of those patients at high risk for conventional 
surgery. Pivotal trials analyzing the outcomes of TEVAR for TAA have demon-
strated that endovascular approaches demonstrate a marked reduction in 30-day 
mortality rates [34–36]. This may translate into reduced long-term aneurysm-related 
mortality, but not all-cause mortality. Whether these results translate to improved 
outcomes for the elderly will be discussed in more detail below.

7.3.1  Open Descending TAA and TAAA Repair

Conventional surgery for descending TAA (DTAA) and TAAA has not been limited 
due to patients’ advanced age, but there are limited analyses of outcomes in the 
markedly aged population. Di Luozzo and colleagues have reported on the 
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outcomes of septuagenarians and octogenarians undergoing repair of DTAA and 
TAAA [37]. In this series of 93 patients over a 6-year period of time, 22 (24%) had 
open repair of DTAA, while 71 (76%) underwent TAAA repair. Perioperative mor-
tality was 13.6% for the DTAA group, while those undergoing more extensive 
repair had a higher rate of 15.5%. Interestingly, the in-hospital mortality was greater 
in the septuagenarians (16%) compared to the octogenarians (11%). Factors associ-
ated with mortality included pneumonia, tracheostomy, and acute respiratory dis-
tress syndrome. Long-term survival was equivalent to that of a normal age- and 
gender- matched population, and male gender provided a survival benefit. Similarly, 
Huynh and colleagues evaluated the outcomes of patients over the age of 79 years 
undergoing DTAR and TAAA repair [38]. A total of 56 patients between the ages of 
79 and 88 years of age underwent open repair of the descending thoracic aorta 
(N = 16, 29%) or thoracoabdominal aortic aneurysms (N = 40, 71%). This repre-
sented only 6.6% of the patients undergoing these procedures during that time. 
Overall 30-day mortality was a striking 25% but was higher in those considered 
high risk (emergent presentation, diabetes, or congestive heart failure) at 50% com-
pared to those lacking any of these risk factors at 17%. This mortality rate, however, 
is higher than previously reported for all consecutive patients from this institution 
(14%) [38]. The mean 5-year actuarial survival rate for this group was 48%. Similar 
results, however, with a 30-day mortality rate of 21% and a mean survival rate of 
61% in patients over 70 years of age, have been reported [39].

7.3.2  Thoracic Endovascular Aneurysm Repair

There are few analyses comparing open repair of DTAA and TEVAR in the mark-
edly aged population. The University of Michigan evaluated outcomes in 93 patients 
aged 75 years and older undergoing either open (N = 41) or endovascular (N = 52) 
descending aortic repair between 1993 and 2008 [40]. Selection criteria for entry 
into this study were indications for operations were identical in both groups, the 
extent of pathology was confined to the left chest distal to the left carotid artery, and 
all patients were initially evaluated for open repair by a thoracic surgeon. The option 
for TEVAR was offered to patients who were deemed high risk for conventional 
surgery, who had localized pathology, or who specifically requested endovascular 
repair. Final suitability for TEVAR was determined by a collaborative multidisci-
plinary team. While the mean age of the whole group was nearly 79 years, the group 
undergoing TEVAR were older, had smaller thoracic aortic aneurysms, and had a 
higher incidence of COPD and prior infrarenal AAA repair. The procedure was 
observed to be elective in only 63% of patients, and contained rupture was more 
frequently seen in the TEVAR group (26.9% vs. 4.9%, p = 0.005), but a larger pro-
portion of patients undergoing open repaired had an aneurysm involving the distal 
aortic arch. Technical success was observed in 96% of patients undergoing TEVAR. 
There was a trend to reduced perioperative mortality in those undergoing TEVAR 
(5.8% vs. 17.1%, p = 0.1), and the incidence of stroke was the same for both groups 
(14.6% vs. 9.6%, p = 0.53). Spinal cord ischemia and renal failure were rare events 
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overall. Crude mortality at last follow-up was 45%, and Kaplan-Meier estimates 
demonstrate no difference between the open and endovascular cohorts. Endoleaks 
were observed in 23% of the TEVAR group, and five patients had indications for 
conversion to open surgery but were considered non-operative candidates. The 
authors concluded that TEVAR may be a more suitable therapeutic option in this 
complex elderly group.

7.3.3  F/B-EVAR for Juxtarenal and TAAA

Fenestrated and branched endograft repair began in 1999 in patients with infrare-
nal aortic necks that were too short for traditional EVAR. The technology has 
evolved to allow for the treatment of juxtarenal AAA to more complex thoracoab-
dominal aortic aneurysms. These endovascular surgeries allow for a less-invasive 
approach to complex AAA and TAAA treatment, but add a complexity of requiring 
preservation of flow to the renal and/or visceral vessels depending upon the extent 
of the aneurysm undergoing repair. The preservation of flow is accomplished by 
incorporating fenestrations or branches on a conventional stent graft (Fig. 7.3). 
These are connected to their target vessels using a self-expanding or balloon-
expandable bridging stent graft. While still fairly early in its development, these 
procedures have been used to treat patients considered high risk for conventional 
surgery [3].

A U.S. multicenter trial evaluated fenestrated endograft repair of juxtarenal 
AAA. Mean age at the time of repair was 74 years and mean aneurysm diameter 
was 6 cm. Thirty-day mortality was 1.5%. Freedom from all-cause mortality at 
5 years was 91%. This multicenter prospective trial showed that fenestrated endo-
graft repair for short-necked AAA can be done with low mortality in experienced 
hands [41]. Other analyses have analyzed extensive aneurysm repair involving jux-
tarenal aneurysms as well as TAAA. The French multicenter experience represented 
a medium-term outcome assessment of prospectively collected data on 134 patients 
deemed high risk for conventional repair from 16 French academic centers treated 
between 2004 and 2009 who underwent fenestrated aortic endografting [42]. Unlike 
the U.S. trial, while the majority of patients were treated for juxtarenal AAA (74%), 
inclusion of more extensive aneurysms including suprarenal (20%) and type IV 
TAAA (6%) were included. Median age for this cohort was 73 years (range 
48–91 years). Completion angiography confirmed 99% of the target vessels were 
patent with occlusion of four renal arteries and one celiac artery. Two patients 
required permanent hemodialysis post-operatively, one related to thrombosis of a 
renal artery. There was one conversion to open surgery secondary to aortic bifurca-
tion occlusion. The 30-day mortality rate was 2%. Two patients died secondary to 
multisystem organ failure as a consequence of ruptured iliac artery (N = 1) and 
conversion to open surgery (N = 1), while one patient suffered a suspected myocar-
dial infarction after discharge. Twelve- and 24-month survival was 93% and 86%, 
respectively, with no aneurysm-related mortalities.
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The WINDOWS trial represents the early outcomes of patients treated with 
fenestrated/branched endografts for complex AAA and TAAA aneurysms in 
France [43]. This was a multicenter, prospective, single-arm trial of F/B-EVAR 
for complex aneurysms performed on 268 patients from eight centers between 
2009 and 2012. The mean age of those undergoing repair was 72 ± 8.5 years. The 
population was divided into one of three groups depending on the extent of aneu-
rysm treated: Group 1 (N = 184) juxtarenal (51%) and pararenal (18%); Group 2 
(N = 42) suprarenal (6%) and type IV TAAA (10%); and Group 3 (N = 42) type 
III TAAA (9%), type II TAAA (6%), and type I TAAA (1%). The 30-day mortal-
ity rate was 6.7%, and the in-hospital mortality rate was 10.1%. Severe compli-
cations occurred in 5.6% of patients and were associated with a 93% mortality 
rate. Acute renal insufficiency occurred in 18% of patients. Thirty-one (11.6%) 
patients required aneurysm- related re-intervention due to lower limb ischemia, 

Fig. 7.3 For more complex, extensive abdominal aortic aneurysms, or for thoracoabdominal aortic 
aneurysms, in which the disease involves the renal or visceral vessels, fenestrated/branched endograft 
are used. (a) Typically these are custom-made grafts that incorporate fenestrations (arrow) or direc-
tional branches (triangles) to allow for preservation of flow to the renal and visceral arteries. (b) An 
illustration of a device with two directional branches and two fenestrations used to treat a thoracoab-
dominal aortic aneurysm. The branches and fenestrations are mated with their corresponding renal or 
visceral vessels using balloon-expandable or self-expanding bridging stent grafts
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hemorrhages, infection, and lymphocele. The 30-day combined mortality and 
severe complications was 22%. The presence of a more extensive aneurysm was 
predictive of in-hospital mortality, as was the duration of surgery and post-oper-
ative events.

In a recent review of 610 patients (349 patients with type IV repair, 258 patients 
with juxtarenal AAA repair, 3 unclassified) long-term outcomes of fenestrated/
branched endograft repair was assessed. At 8 years of follow-up, survival was 20% 
and aneurysm-related mortality was 2%. The authors concluded that endovascular 
repair of juxtarenal and type IV TAAA using fenestrated and branched endografts is 
safe and durable [44]. Another article stressed the importance of selecting patients 
with appropriate anatomy. Sealing the proximal landing zone in unhealthy aorta or 
in the juxtarenal aorta was associated with increased risk for type 1a endoleak 
development. Although the incidence was low, patients with type 1a endoleak 
(2.8%) had significantly higher aortic-related mortality than those without endoleak 
(26.9% vs. 6.2%, p = 0.001) [45].

There is only one analysis specifically evaluating fenestrated/branched endo-
graft repair in the elderly. In a review of 288 patients undergoing fenestrated 
branched endovascular aneurysm repair, 11% of the patients were greater than 
80 years of age. There were no statistically significant differences in comorbidi-
ties between the two groups. The 30-day mortality was higher in the octogenarian 
group (9% vs. 1.6%, p = 0.04). All of the patients who died within 30 days in the 
octogenarian group had undergone a secondary procedure [46]. The authors con-
clude that F/B- EVAR is a satisfactory choice of treatment in patients expected to 
live >2 years. They cautioned that octogenarians with challenging anatomy (who 
are at higher risk for needing secondary procedures) should be treated with 
discretion.

7.3.4  Functional Recovery and Quality of Life

The physiologic consequences of open DTAA and TAAA repair are poorly tolerated 
in the aged population. As the perioperative care of patients improves, in-hospital 
mortality will continue to decline, and thus more patients will survive in the short- 
term. The success of these surgeries, however, is not just based on the acute out-
comes, but also on the ability to return the elderly patient to the preoperative 
functional status. Given that, the long-term quality of life improvement is called 
into question. Quality of life after DTAA and TAAA repair in patients in their 70s 
and 80s has recently been evaluated by Di Luozzo and colleagues [37]. In a cohort 
of 48 patients that underwent open repair, 43 patients were living in their homes 
with family, four were living outside the United States, and one patient was in a 
nursing home. At a median of 4.1 years from the date of surgery (range 1.1–
7.1 years), patients scored slightly lower on quality of life assessment compared to 
matched United States population, although these did not meet statistical signifi-
cance. The area of greatest difference was in overall vitality.
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7.3.5  Surveillance Protocols

EVAR surveillance typically includes yearly surveillance with CT scans using IV 
contrast, which can exacerbate underlying renal insufficiency in the aging popula-
tion. Surveillance using ultrasound has been proposed as a reasonable alternative [15]. 
The ideal surveillance protocol should be inexpensive, non-invasive, highly sensi-
tive and specific to detect endoleaks, aneurysm growth, and other complications of 
endovascular repair and should be safe for the patients. Contrast enhanced com-
puted tomography (CTA) is considered the gold standard for surveillance following 
EVAR. The drawbacks include radiation exposure, contrast nephropathy, and cost. 
Although Doppler ultrasound (DUS) is less sensitive, it is less expensive and avoids 
nephrotoxic agents. These qualities make it especially appealing in the elderly pop-
ulation. One institution has modified their protocol using abdominal x-ray and DUS 
for octogenarians, an approach which has been validated in the general population 
as well [47, 48]. At our institution, we use color Doppler US + non- contrast CT scan 
for patients with decreased renal function, which may be an appropriate protocol for 
elderly patients in general.

Key Points

• Candidacy for aneurysm repair cannot be determined based strictly on age.
• In addition to advanced age, “high risk” factors include cardiac disease, COPD, 

renal disease, obesity, and unstable angina or recent MI.
• The goal of aneurysm repair is to reduce the risk of death from aneurysm 

rupture.
• EVAR offers a decrease in short-term mortality, which may be beneficial to 

patients at “high-risk” for conventional surgery.
• Long-term EVAR is associated with higher rates of re-intervention.
• Open surgical repair of AAA is safe in physically fit elderly patients but is associ-

ated with higher perioperative morbidity and mortality.
• While open repair of thoracic aortic aneurysms is possible in the elderly, overall 

TEVAR appears to be associated with improved perioperative survival.
• Fenestrated and branched aortic endografting is a durable option for patients 

who present with juxtarenal and thoracoabdominal aortic aneurysms, and it may 
be particularly beneficial in elderly and high-risk patients.
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8Peripheral Arterial Disease in the Elderly

Jennifer Kaplan, Emily V. Finlayson, and Michael S. Conte

8.1  Introduction

Peripheral arterial disease (PAD), manifesting symptoms from intermittent claudi-
cation (IC) to critical limb ischemia (CLI), is predominantly a disease of the elderly 
and carries a significant healthcare burden. The overall prevalence of PAD in the 
year 2000 in the United States was 4.3% and 14.5% in those 70 years of age and 
older, representing at least 4 million individuals [1]. PAD has become a major 
global health problem in the new millennium, in large part as a result of greater life 
expectancy. A recent study estimated the global prevalence at more than 200 million 
individuals, increased by 23.5% from the year 2000 to 2010, spanning all income 
levels [2]. This study noted that across the world, PAD affects one in ten individuals 
over age 70, and one in six over age 80. Thus all physicians must be familiar with 
the disease and its management. These patients have a high comorbidity burden 
including hypercholesterolemia, hypertension, diabetes, and smoking. In fact, 72% 
of adults with PAD have at least two comorbidities and 33% had either coronary 
heart disease, congestive heart failure (CHF), or stroke [1]. The majority of indi-
viduals with PAD are asymptomatic, although they are subject to progressive func-
tional decline and are at risk for progression to more advanced manifestations.

Key to a discussion of PAD care in the elderly is the geriatric syndrome frailty, 
which represents a diminished physiologic reserve and vulnerability to stressors. 
Among PAD patients in the NHANES dataset, 6.4% were frail, and this subset had 
the lowest survival probability (48%) at a mean follow up of 58.7 months [3]. In a 
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study of Medicare beneficiaries with PAD undergoing percutaneous vascular inter-
vention (PVI), the median age was 76 with a sharp increase in outpatient procedures 
seen in recent years [4]. A recent study reported significant numbers of nursing 
home patients undergoing revascularization procedures, many of which have cogni-
tive impairment and are nonambulatory at baseline. In this cohort, the majority was 
nonambulatory or dead within 1 year after surgery [5]. Such reports have increas-
ingly raised questions about the appropriateness of vascular intervention and their 
clinical benefit, particularly in the frail elderly population. However, other studies 
have highlighted a relationship between lack of vascular services and amputation 
rates across disparate hospital referral regions, further demonstrating the impor-
tance of defining the optimal level of vascular care [6].

The estimated total cost for PAD care in the United States is $21 billion [7]. At 
2 years, the mean cumulative cost per patient with a history of claudication is $7000 
and with a history of revascularization is $11,693 [8]. The REACH registry found 
that average costs for inpatient treatment of PAD exceed those of coronary or cere-
brovascular disease. One hospitalization or intervention for PAD is often not defini-
tive and can portend a high rate of additional inpatient and outpatient resource 
utilization after discharge.

Older patients must balance the desire for symptom relief and functional inde-
pendence with the risks of intervention and reintervention. The disease itself is 
associated with high rates of comorbid illness, which more than age alone, put 
patients at increased risk for complications. In this chapter, we focus on PAD in 
patients over 70, who represent the majority of subjects in the current vascular 
literature.

8.2  Evaluation of the Elderly Patient with PAD 
and Prognosis

8.2.1  Asymptomatic PAD

The American College of Cardiology Foundation/American Heart Association 
(ACCF/AHA) Task Force on Practice Guidelines outlined the most recent set of 
recommendations for PAD in 2013 [9]. For those at risk for PAD (which includes 
patients over age 70), a review of symptoms that includes questions about claudi-
cation, rest pain, and nonhealing wounds should be performed as well as a vascular 
and foot exam. The ankle-brachial index (ABI) test is the accepted standard for 
making a diagnosis of PAD, and the topic of ABI screening has been controversial. 
The US Preventive Services Task Force has given ABI screening an “indetermi-
nate” rating [10]. The ACCF/AHA guideline advocates for ABI screening in 
groups at increased risk. In contrast to ACCF/AHA guidelines, the Society for 
Vascular Surgery did not recommend ABI screening in asymptomatic patients over 
age 65 [11]. ABI screening for PAD in the elderly would identify a significant 
number of asymptomatic individuals, yet it remains unclear if this would lead to 
direct health benefits.
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8.2.2  Intermittent Claudication

If IC symptoms are present, a resting ABI should be performed. If the resting ABI is 
normal, an exercise ABI should be considered. Segmental Doppler pressures can be use-
ful for preoperative lesion localization. Arterial duplex ultrasound may be used to assess 
lesion anatomy in patients with known PAD and to consider options for intervention.

The Society for Vascular Surgery (SVS) recently published guidelines for the 
evaluation of individuals with claudication [11]. These emphasize clinical diagnosis 
and reiterate the importance of an exercise ABI measurement when resting ABI is 
normal. This can be done with the patient walking on a treadmill for 5 min, report-
ing when they are having pain, and encouraging them to finish the test. A PAD 
diagnosis is made when the exercise ABI is less than or equal to 0.9 or if there is a 
drop of 30 mmHg with more than 3 min of recovery time.

Exercise testing can be used to quantitate functional limitations in IC and response 
to therapy. Both pain-free walking distance and maximum walking distance on a 
treadmill protocol are used, as is a 6-min walk test, which is often more feasible in 
elderly individuals. A pre- and postexercise ABI can be used to rule out other sources 
of claudication such as spinal stenosis, also common in the elderly. Exercise testing 
can also help determine the safety of exercise programs to be used as therapy.

Although many tests for walking impairment exist, the 6-min walk test has been 
shown to closely correlate to outdoor walking ability (r = 0.78, p < 0.001) and better 
reflects quality of life outcomes as compared to other tests (r = 0.53, p < 0.01) [12]. 
As discussed by Nordanstig et al., this test is patient regulated and therefore ideal 
for elderly patients or those with significant comorbidities, which may preclude 
them from using a treadmill. Other tests include the graded treadmill test, which is 
highly reproducible and a good test for functional limitations of IC, but should not 
be used as the sole assessment of walking ability.

8.2.3  Natural History

With new research and follow-up data, we continue to better understand the clinical 
implications of asymptomatic PAD and IC. PAD is considered a “coronary artery 
disease equivalent” in terms of long-term risk of mortality and major cardiovascular 
events. In some individuals it may represent the first manifestation of clinical ath-
erosclerosis. Thus the importance of its diagnosis lies in establishing a framework 
for guideline-based risk factor and medical management, patient education, and 
cardiovascular surveillance. A minority of patients with asymptomatic PAD devel-
ops severe or limb-threatening disease. However, recent data suggest these indi-
viduals are subject to progressive functional decline. The prognosis for many 
patients with IC is one of symptom stabilization; 25% go on to experience a worsen-
ing of symptoms and 1–2% develop CLI [13]. There is also evidence that claudica-
tion symptoms do not predict major amputation at 10 years, rather physiologic 
factors such as decreased ABI and diabetes can better forecast who will progress to 
limb ischemia [14]. Diabetes is a critical modifier of the prognosis of PAD, 
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portending an increased risk of progression and mandating vascular and podiatric 
surveillance to reduce amputation risk.

In an observational study of men with a mean age of 69 years and IC, by 
18 months of follow-up, pain-free walk distance decreased by 22% (p < 0.05), total 
walk distance by 9% (p < 0.05), and resting calf blood flow by 18% (p < 0.05). 
Additionally, 27% of patients reported decreased physical activity (p < 0.05), and 
most importantly, none had a change in their ABI [15]. In a study of over 600 
patients with a mean age of 71 with and without PAD, predictors of functional 
decline included lower starting ABI and worse baseline symptoms of claudication. 
Even asymptomatic patients with PAD had a greater annual decline in their 6-min 
walk distance (mean − 76.8 ft, p = 0.04) and greater odds of being unable to walk 
for 6 min (odd ratio [OR] 3.63; P = 0.002) as compared to those without PAD [16].

In a study of sedentary elderly individuals (aged 70–89) living in the community, 
ABIs were measured and correlated with functional walking tests [17]. Only 5.5% 
of patients with an ABI <0.9 had symptoms; however, even the asymptomatic par-
ticipants had slower walking times and velocities. The opposite is true for patients 
who perform self-directed exercise; those with PAD who walk at least three times 
weekly have less functional decline over the subsequent year [18].

Depression represents another factor contributing to functional decline in elderly 
patients with PAD [19]. Disability and depressive symptoms go hand in hand, and a 
Geriatric Depression Score greater than and equal to 6 was present in 21.7% of 
patients with PAD. After controlling for age and comorbidities, depression was 
associated with shorter 6-min walk distance and slower walking velocities. In a 
recent study, depressive symptoms were associated with both prevalent PAD and 
development of PAD-related events [20]. Some of this association was explained by 
comorbidities and decreased physical activity, suggesting a potential role for the 
frailty syndrome in development of PAD in the depressed population.

In summary, despite an apparent stabilization in symptoms, many patients with 
PAD and IC are undergoing physical decline over time. In older PAD patients, this 
change may manifest in a shift from independence to partial dependence. It seems 
intuitive that promotion of a healthy lifestyle by interventions such as smoking ces-
sation, diet, and fitness and walking programs would be of primary import to arrest 
or slow this decline. Whereas we currently lack evidence to support specific inter-
ventions in the large asymptomatic PAD population, there is considerable evidence 
to support the benefits of exercise therapy in IC [21].

8.3  Noninterventional Management of the Elderly Patient 
with Claudication

8.3.1  Medical Therapy

Cardiovascular risk reduction is key in the discussion of claudication management 
as patients are at higher risk for cardiovascular ischemic events than ischemic limb 
events. Approximately 60–80% of patients with lower extremity PAD have 
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significant coronary artery disease and 12–25% have hemodynamically significant 
carotid artery stenosis [14].

The main tenets of risk reduction in the PAD population include smoking cessa-
tion, lipid-lowering medication, diabetes and hypertension management, and anti-
platelet therapy. Current ACCF/AHA guidelines recommend a statin to keep 
LDL < 100 mg/dL and an antihypertensive to keep systolic blood pressure under 
140 mmHg and diastolic under 90 mmHg (unless a diabetic or with chronic kidney 
disease, in which case blood pressure should be under 130/80) [9]. More recent 
guidelines suggest that a statin should only be used in asymptomatic patients if the 
perceived 10-year risk of cardiovascular events is over 7.5% and that in symptom-
atic patients, statins may improve pain-free walking time [11].

Patients with diabetes should be treated to maintain an HbA1c less than 7% and 
receive dedicated foot care (podiatric evaluations and early urgent management of 
any ulcer or lesion). Smoking should be asked about at every visit with cessation 
counseling and medical therapy if needed. Currently there is no role for 
homocysteine- lowering medication.

As of 2011, the ACCF/AHA recommend the use of aspirin or clopidogrel for 
cardiovascular risk reduction in all patients with symptomatic atherosclerotic 
PAD. Aspirin can be given at doses from 75 to 325 mg, with clopidogrel 75 mg as 
an alternative. Antiplatelet agents can be given to asymptomatic patients with an 
ABI <0.9, but benefit has not been shown in those with a borderline ABI between 
0.9 and 1. Those at high cardiovascular risk without a concomitant bleeding risk can 
be given combination therapy of aspirin and clopidogrel. Warfarin dose not play a 
role in risk reduction for PAD unless needed for a specific indication.

Cilostazol, a phosphodiesterase III inhibitor with antiplatelet and antithrombotic 
properties, has been recommended specifically for the treatment of claudication. In 
a systematic review of 15 randomized control trials of cilostazol versus placebo or 
pentoxyfilline, the Cochrane group found a regimen of 100 mg twice daily to be 
associated with higher initial claudication distance and absolute claudication dis-
tance [22]. As compared to placebo, cilostazol increased resting ABI by 0.06 (95% 
CI 0.4–0.8). Common side effects included headache, diarrhea, abnormal stools, 
dizziness, and palpitations all of which were mild and did not require cessation of 
therapy. Cilostazol is contraindicated in patients with congestive heart failure, renal, 
or hepatic impairment. Patients in these studies averaged 65–67 years of age; how-
ever, the studies included patients up to 85 years of age and can be applied to the 
elderly population.

Pentoxyfilline given at 400 mg three times is considered second-line ther-
apy, but its effectiveness is less well established [9]. It tends to be well toler-
ated with mild side effects of nausea, headache, drowsiness, and worsening of 
hypertension [11]. Medications that have not shown efficacy include prosta-
glandins, vitamin E, chelation therapy, and levocarnitine. In one randomized 
trial, ramipril 10 mg given daily for 24 weeks was found to increase pain-free 
and overall treadmill walking times; however, further work is needed before its 
use can be recommended to patients with IC (and without evidence of renal 
artery stenosis) [23].
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8.3.2  Exercise Therapy

For many years, the recommendation for patients with mild to moderate claudica-
tion has been to “stop smoking and keep walking” [24]. In patients who are able to 
safely ambulate, supervised exercise therapy is recommended for 30–45 min three 
times weekly for at least 12 weeks [9]. The presumed mechanism for the benefits of 
exercise in patients with PAD includes exercise-induced stimulation of collaterals, 
enhanced bioenergetics of skeletal muscle, and improved nitric-oxide-dependent 
microcirculatory vasodilatation. Barriers to exercise therapy include compliance, 
comorbidities, and lack of insurance coverage for supervised programs [11].

A Cochrane review of supervised exercise therapy found significant improvements 
in maximal walking time, pain-free walking time, and pain-free walking distance [21].

There was only a slight increase in ABI and no significant change to calf blood 
flow or mortality. A novel finding of this analysis was that maximal improvement in 
walking distance is seen at 6 months as opposed to three, and therefore this longer 
period should supplant the 12-week recommendations in current guidelines.

Not every elderly individual is capable of completing supervised walk-based 
exercise, especially if they have comorbidities such as severe arthritis or COPD. A 
separate meta-analysis from the Cochrane group examined alternative forms of 
supervised exercise, which included cycling, strength training, and upper arm 
ergometry [25]. When these alternatives were compared to supervised walk-based 
training there was no difference in maximum walking distance or pain-free walking 
distance (as measured in metabolic equivalents, or METs).

When supervised exercise programs have been compared to nonsupervised or 
home-based programs, those undergoing supervised exercise had better maximal 
walking distances and pain-free walking distance [26]. Within the nonsupervised 
group, those with home-based exercise programs saw more improvement than those 
who were simply advised to walk on their own. Home-based exercise programs can 
achieve high adherence rates and similar results to supervised programs [27].

In a study identifying barriers to exercise, Cavalcante et al. found patients over 
65, those with low socioeconomic status, diabetes, and baseline low ABI and walk-
ing capacity were more likely to experience barriers to activity [28]. These barriers 
included fear of falling, fatigue/lack of energy, and not having places to sit when 
experiencing pain. As many of these factors overlap with the frailty syndrome, tar-
geting this group is especially important in preventing further decline. Supervised 
exercise therapy, whether walking-based or with alternative exercises, should be 
offered to all patients with claudication, regardless of age, and individualized based 
on comorbidities.

8.3.3  Open and Endovascular Revascularization for Claudication

The discussion of surgical management for claudication in a patient of any age 
should begin with three assessments. First, other etiologies of leg pain should be 
ruled out including arthritis and spinal stenosis. Second, there should be 
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significant disability from claudication that did not resolve with conservative 
management (e.g. trial of medical therapy and/or exercise). Finally, there should 
not be another medical condition that would preclude postoperative functional 
improvement or disability resolution (i.e. severe congestive heart failure). Patients 
with newly diagnosed intermittent claudication who are considering intervention 
should complete at least 6 months of risk reduction, medical therapy, and super-
vised or home-based exercise [11].

Patients should also be counseled that vascular interventions for IC are per-
formed to address their disability and not as prevention against amputation. The risk 
of ongoing or worsening disability from IC ranges from 20% to 30%, while the risk 
of critical ischemia is under 5% [11]. Because the affected limb is not threatened, 
any procedure should have low morbidity and, ideally, good long-term patency. The 
risk/benefit equation thus also hinges on knowledge of the anatomic pattern of dis-
ease in each individual and the likely outcomes of specific interventions. The recent 
SVS practice guidelines stress the importance of an individualized approach to 
intervention for IC, stating that the modality offered should provide a > 50% likeli-
hood of sustained benefit (patency) for at least 2 years to meet a minimum efficacy 
threshold [11]. Unfortunately, there are few randomized clinical trials to directly 
compare effectiveness of various interventions for IC, thus Level 1 evidence is 
sorely lacking in the field.

The anatomic pattern of disease is an important factor in considering treatment 
options and likelihood of technical and clinical success. Endovascular therapy is 
recommended for focal (TASC A, B) femoropopliteal lesions as well as the majority 
of aortoiliac occlusive lesions [9, 11]. A comparison of bypass surgery to endovas-
cular therapy in 263 patients with femoropoliteal TASC C and D disease (the major-
ity of whom were over 75 years of age) found a higher complication rate in the 
bypass group (14.4% vs. 3.5%, p < 0.01), improved 1- and 5-year primary patency 
in the bypass group (82.1% and 69.4% vs. 67.8% and 45.2%, p < 0.01), but no dif-
ference in 1- or 5-year secondary patency rates (93.2% and 79.5% vs. 90.1% and 
85.1%, p = 0.48) [29]. The authors suggest that endovascular therapy is a preferred 
option in higher-risk patients.

In a slightly younger retrospective cohort with a full range of TASC disease, 
bypass grafting as opposed to endovascular therapy demonstrated improved free-
dom from restenosis at 3 years (73% vs. 42%), but no difference in reintervention at 
3 years (77% vs. 66%). In this cohort, use of statins predicted both graft patency and 
freedom from reintervention. Because the majority of studies comparing bypass to 
endovascular are retrospective, the patients in each therapy group tend to be quite 
different, with bypass patients having more complex disease, making a true head- 
to- head comparison difficult [30].

When risks and benefits are being weighed, age alone should not prohibit patients 
from undergoing revascularization. When octogenarians with similar risk profiles to 
patients under 65 underwent endovascular management of intermittent claudication, 
there was no difference in outcomes (including mortality and reintervention) [31]. 
Comorbidities and functional impairment as opposed to age likely have more influence 
on postoperative outcomes for IC.
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8.3.4  Open and Endovascular Revascularization for Critical 
Limb Ischemia

Critical limb ischemia (CLI) is the most advanced clinical syndrome of PAD and por-
tends an increased risk to life and limb. Regardless of chronologic or physiologic age, 
management of CLI should focus on pain relief, limb salvage, function and quality of 
life, as well as survival. Patients with CLI suffer greatly from ischemic rest pain, non-
healing wounds, and the associated negative impacts on their quality of life. Patients 
who are chronically nonambulatory, have limited life expectancy, or have very advanced 
comorbidities may be appropriately treated with palliative care or primary amputation. 
However, the majority should be considered as candidates for revascularization to 
relieve symptoms and achieve limb salvage. Whether to choose an open or endovascu-
lar approach for revascularization in the setting of CLI depends on the predicted lifes-
pan of the patient, the severity of limb threat, and the pattern of arterial disease. Based 
on the only level 1 evidence in the field, if the patient is expected to live for more than 
2 years, bypass surgery may be considered as first line, versus angioplasty if life span 
is under 2 years and if there is no suitable vein available for bypass [9, 32]. Vascular 
disease anatomy obviously plays a critical role in this decision as well. For aortoiliac 
disease or femoropopliteal type A or B, many prefer to start with endovascular therapy, 
whereas for more extensive occlusions (e.g. type D anatomy), many would go straight 
to bypass surgery in an average risk patient [33]. Many if not most patients with CLI 
have significant below the knee disease, and currently available (limited) data suggest 
better patency for tibial/pedal bypass but similar midterm limb salvage rates for angio-
plasty. Table 8.1 provides a summary of open and endovascular outcomes for CLI.

In a recent study of nonagenarians referred for CLI or acute limb ischemia, 83% 
were living independently prior to surgery, with 72% remaining independent after-
wards [34]. Eighty-two percent of the 91% that were ambulatory preoperatively 
maintained this status postoperatively. Both preoperative living status and ambula-
tory ability were no different between endovascular and open approaches. Dementia 
was the single and poor predictor of poor amputation-free survival in this cohort. In 
a study of septuagenarians and octogenarians with lower extremity CLI undergoing 
bypass procedures, 5-year survival was 54% and 64%, primary patency 74% and 
68%, and limb salvage rate 86% in both age groups [35]. The authors suggest that 
these age groups stand to benefit from revascularization as a means to relieve symp-
toms and avoid the morbidity of amputation.

Improved stratification of PAD patients would assist clinical decision-making. 
To create a prediction score for the composite outcome of amputation and mortality 
at 1 year, researchers used data from the PREVENT III cohort (Project of Ex-Vivo 
graft Engineering via Transfection III) [36]. This dataset included 1404 patients 
with CLI who underwent infrainguinal bypass with autogenous vein. In this model, 
age greater than or equal to 75 years was an independent predictor of amputation 
and death in multivariable analysis and given two points in the risk score (HR 1.64, 
95% CI 1.21–2.22, p = 0.001). Age alone was associated with an amputation-free 
survival of 89.7%. These results were also confirmed in an observation study of 
octogenarians with CLI [37]. In this cohort, periprocedural mortality in 
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octogenarians was much higher after surgical bypass as compared to endovascular. 
Those who did survive had similar outcomes at 1 year as compared to those under 
80, suggesting that there may be a cohort of older patients who will benefit from 
intervention. Other risk scores have identified similar factors from large cohorts, 
unfortunately none have been prospectively validated on all-comers presenting with 
CLI [38, 39]. See Table 8.2 for a summary of available prediction scores.

It is often difficult to retrospectively compare outcomes of endovascular and open 
interventions in the older population, because of the selection bias of older sick patients 
receiving endovascular therapy. In general, primary patency is superior after bypass sur-
gery; however, limb salvage rate and amputation-free survival are equivalent between 
endovascular and bypass approaches [33]. Therefore, age alone should not be the deter-
minant for management in these patients with CLI, instead medical comorbidities, life 
expectancy, degree of limb threat, and severity of the disease should dictate therapy.

8.3.5  Functional Outcomes Following Revascularization 
for Critical Limb Ischemia

When nursing home residents who were hospitalized for CLI underwent lower 
extremity endovascular or open revascularization, all saw an initial functional 
decline after surgery, with patients undergoing open operation having better func-
tional outcomes and faster recovery by 6 months [40]. Factors associated with poor 
functional outcome included impaired cognitive status, female gender, and worse 
baseline ADLs. The majority of patients in this study were over age 75.

In a year-long prospective cohort of functional and quality of life (QOL) out-
comes after revascularization for chronic CLI in patients with a mean age of 68.1, 
functional status (as measured by the ALDS score) improved significantly over a 
year period to a level corresponding to difficult indoor and outdoor activities [41]. 
In this same cohort QOL (as measured by the VascuQol score) improved in all 
domains by 12 months of follow-up.

The presence of CLI in any patient mandates therapy, whether palliative or pro-
cedural, and therefore the majority of patients appropriately undergo intervention. 
With a frail elderly patient, goals of care and expectations must be clearly set. In one 
study, nursing home residents who were nonambulatory at baseline had almost dou-
ble the risk of being nonambulatory after surgery and over three times the risk of 
functional decline as compared to those who were ambulatory [5].

8.3.6  Indication for Primary Amputation

Amputation for the primary management of CLI may be appropriate in the setting 
of refractory rest pain in a high-risk or nonambulatory patient, overwhelming infec-
tion, or extensive necrosis [9, 42]. According to the TASC II working group, only 
40% of those undergoing below knee amputation will have full mobility at 2 years 
and 30% will be dead. Primary amputation is often appropriate for the elderly 
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nonambulatory patient with a flexion contracture. Ideally, the amputation is per-
formed at the lowest level possible, allowing for decreased additional energy expen-
diture and higher likelihood of independent walking.

8.3.6.1  Functional Status and Quality of Life Following Amputation
As with other revascularization procedures, functional status diminishes initially 
after amputation. However, from 6 to 18 months, walking distance tends to stabilize 
or improve [43]. Being able to walk then correlates with better QOL metrics includ-
ing social functioning.

In patients who underwent lower extremity amputation within a year of lower 
extremity bypass, age was one of the most important predictors of poor functional 
outcome at hospital discharge (age 70–79 years: OR 0.33 p = 0.04, age over 
80 years: OR 0.12 p < 0.001) [44]. At 1 year follow-up predictors of living at home 
and ambulating with or without assistance included living at home preoperatively 
(HR 6.8, 95% CI 0.94–49.2) and taking a statin preoperatively (HR 1.57, 95% CI 
1.17–2.11). Comorbidities such as congestive heart failure and dialysis were nega-
tive predictors of good functional outcomes and found to have an additive effect.

A meta-analysis of mobility after amputation in patients over age 60 found a 
dearth of quality data in this field, yet underscored the importance of mobility in this 
cohort [45]. In general, patients with transtibial amputations performed better than 
those with transfemoral. A separate meta-analysis of QOL after amputation found a 
similar lack of quality data and could not conclude whether there is benefit to ampu-
tation over revascularization for CLI [46].

Key Points

• Peripheral arterial disease is predominantly a disease of the elderly; therefore, 
understanding the interplay between functional status, comorbidity burden, 
overall prognosis and pathology is key in determining management.

• Treating the elderly person with PAD should be a multidisciplinary process with 
cardiovascular risk mitigation, wound care, skin surveillance, symptom manage-
ment, and surgical planning.

• Medical management and exercise therapy should start early in patients with 
claudication, and risk prediction scores should play an important role in honest 
discussions with patients and their families about more invasive procedures.

• Despite the key caveats noted, chronologic age alone should not be considered a 
contraindication to vascular intervention in those with severe disability or limb- 
threatening ischemia.
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9Renal Failure in the Elderly

Theodore H. Yuo and Mark L. Unruh

9.1  Introduction

Among the elderly, defined as those over 65 years of age, kidney disease is common 
with between 11% and 30% having chronic kidney disease (CKD) [1]. CKD has 
been associated with increased risk of death and disability as well as increased sur-
gical risk. A proportion of those with CKD progress to end-stage renal disease 
(ESRD), at which point kidney replacement therapy is required to sustain life. 
Among elderly patients with CKD, the cause of kidney disease, severity of albu-
minuria and glomerular filtration rate (GFR) are associated with the likelihood of 
progression to acute and chronic kidney failure. Dialysis as a form of kidney 
replacement therapy for treatment of ESRD is a great triumph of modern medicine, 
saving lives and providing meaningful improvements in quality of life for many 
patients. When introduced on a wide scale in the 1970s, ESRD patients treated with 
dialysis through the Medicare entitlement program were typically young, carefully 
selected, and did not suffer from multiple other medical comorbidities [2]. Over 
time, though, the population undergoing kidney replacement has changed, and con-
temporary reports in the United States suggest that patients over 65 years of age are 
at least half of incident ESRD patients, with the very elderly, those over 80 years of 
age, representing a significant and growing fraction of the population [3]. Many 
elderly patients with ESRD have four or more chronic health conditions when they 
reach ESRD, and many are not considered candidates for kidney transplantation, 
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suggesting that dialysis will be the patient’s kidney replacement therapy for the rest 
of their lives [4]. ESRD patients in general are fragile, with death rates 8–16 times 
higher than in the general population [5]. The general challenges of caring for 
elderly patients, compared to younger patients, have been well documented; these 
include generalized weakness, increased susceptibility to disease, inability to toler-
ate adverse environments or minor traumas, loss of agility, and age-related physio-
logical changes in addition to attitudes and beliefs of older adults and their caregivers 
[6]. Further, within the traditional cohort of elderly patients defined as those over 
65 years, there are distinctions between the “young elderly” between 65 and 80 years 
and the “very elderly” older than 80 years, in terms of comorbidities, frailty, demen-
tia, and institutionalization status [7]. Despite these patient characteristics, dialysis 
access strategies for the elderly share many features with younger patients. This 
chapter aims to review the indications and potential modalities for renal replace-
ment therapy (RRT) among the elderly with kidney failure. Further, RRT should be 
planned in a patient-centered fashion, accounting for patient anatomy, surgical his-
tory, medical comorbidities, and patient preferences. We will review the outcomes 
of vascular interventions in elderly ESRD patients and highlight approaches that 
may be used to attenuate the risk of contrast. Last, we will focus on individualizing 
decisions for the elderly with advanced CKD receiving either a dialysis access or 
other vascular procedures.

9.2  Indications for Renal Replacement Therapy

As in the population as a whole, the most common causes of ESRD in the elderly 
are diabetes and hypertension. Indications for RRT in the elderly are similar to those 
in younger patients. Historically, fluid overload and signs or symptoms of uremia, 
despite the poorly understood nature of the uremic syndrome and its somewhat 
subjective evaluation, were also considered to be indications for dialysis. As such, 
it is theoretically appealing to postulate that earlier initiation of RRT can remove 
these toxins and may be associated with decreased morbidity or mortality, as some 
observational studies suggested [8]. However, after correcting for lead-time bias, 
this advantage disappears [9]. The question of timing of initiation of hemodialysis 
(HD) was also explored in the Initiating Dialysis Early and Late (IDEAL) study, 
which randomized patients to early or late initiation of dialysis, based on estimated 
GFR (eGFR) [10]. Patients who started HD early at a target eGFR between 10 and 
15 mL/min had similar survival and clinical outcomes as patients who started HD 
late at a target eGFR between 5 and 7 mL/min, or who started HD due to the devel-
opment of symptoms associated with kidney failure including fluid overload or ure-
mia. While elderly patients per se were not the target population for this study, the 
average age of participants in the study was 60 years and the overall findings did not 
differ between patients who were younger than 60 years and those who were older. 
Of note, there was substantial cross-over among those randomized to the delayed 
dialysis initiation so that nearly three-quarters of the group started dialysis at eGFR 
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above 7 mL/min. The degree of cross-over limited the inferences one could draw 
regarding the impact of delayed start on patient outcomes.

Other authors have noted that assessing kidney function in elderly patients 
is difficult since the serum creatinine level can be spuriously low due to falling 
muscle mass, despite steadily declining eGFR as patients age. Further clouding 
the clinical picture, symptoms associated with uremia are nonspecific, and 
include anorexia, weight loss, weakness, nausea, and difficulties with sleep and 
cognition [11].

Given this background, a trial of dialysis in elderly patients may be considered in 
selected patients who have been well informed of the possible risks and benefits of 
dialysis, and can cooperate with the treatment and can receive it safely. Recent 
guidelines published by the Renal Physicians Association (RPA) offer recommen-
dations that incorporate patient preferences and prognostic survival assessments to 
help guide physicians and patients in the decision-making process [12]. Indications 
for trials of dialysis include uremia or worsening of congestive heart failure, refrac-
tory to maximal medical management. In cases of acute kidney injury, as opposed 
to chronic kidney disease, when there is a possibility of reversibility of acute kidney 
failure, dialysis should be offered. Further, patients with atypical presentations of 
ESRD should be evaluated for treatable causes of kidney failure regardless of 
patient age. Occasionally, there can be the worry that this attempt at acute treatment 
may transition inappropriately to a long-term commitment to dialysis. However, 
while elderly survivors of AKI seem to require more time for total recovery and 
recover function less completely, they can recover function and generally deserve a 
trial of dialysis [11]. Ultimately, though, as well described in recent guidelines, 
“The initiation of dialysis therapy remains a decision informed by clinical art, as 
well as by science….” [13]

9.2.1  Choice of Dialysis Modality: Hemodialysis (HD) 
Versus Peritoneal Dialysis (PD)

As in younger patients, the choice of dialysis as kidney replacement therapy in the 
elderly is influenced by the availability of infrastructure and staff, the burden of 
comorbidities, specific anatomic contraindications to a particular modality, patient 
and caregiver ability to adhere to the requirements of the chosen modality, and patient 
or physician preference. Possible advantages of PD over HD in the elderly include 
preservation of residual kidney function, avoidance of fluid and electrolyte shifts, 
more liberal diet, avoidance of vascular access, and decreased transportation time, 
since this is typically a home modality. On the other hand, HD may be a better choice 
for patients with hernias, diverticulitis, history of abdominal surgery or other intra-
abdominal pathology, morbid obesity, or psychosocial inability to adhere to PD 
requirements. The requirement for bulky and heavy dialysate consumables is another 
consideration, which may represent an unanticipated difficulty for elderly patients 
with limited storage space and physical strength; the employment of home- care 
assistants may overcome these challenges [14].
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Peritoneal dialysis is in general used less frequently than hemodialysis, with 
approximately 9% of the prevalent US dialysis population using peritoneal dialysis 
and the balance using hemodialysis. In the elderly, defined as those over 65 years, 
PD is used even less frequently, with only 7% of the population using PD, though 
this fraction is growing [15].

There is controversy regarding the possible survival advantage of one modality 
over the other in elderly patients. In general, there appears to be a benefit to using 
PD instead of HD initially, but this benefit appears to be lost over time. This has 
historically been attributed to slower loss of residual kidney function in patients on 
PD, but more recent analyses have suggested that this effect is overstated and may 
be due to selection bias [16] or the use of tunneled dialysis catheters (TDCs) in HD 
patients [17]. In one prospective cohort study of 174 elderly patients older than 
70 years in the United Kingdom, the annual mortality and hospitalization rates in 
PD and HD patients were similar (26.1 vs. 26.4 deaths per 100 person-years and 1.9 
vs. 2.0 admissions per person-year, respectively) [18]. Contrary to the reports in 
younger patients, Windelmayer and colleagues found 16% higher mortality rates for 
elderly patients that start on PD compared to HD in the first 90 days after dialysis 
initiation. Mortality rates between 91 and 180 days were equivalent, but were 45% 
higher after 181 days. This effect was particularly pronounced in those with diabe-
tes [19]. A larger study from Korea with longer follow-up also demonstrated higher 
mortality in elderly patients started with PD, as compared to patients started with 
HD, with PD being associated with a 20% higher hazard of mortality. An accompa-
nying meta-analysis again suggested higher mortality with PD, though the magni-
tude of the increased hazard was only about 10%, but still statistically significant 
[20]. The possibility of increased mortality rates with PD in elderly patients must be 
considered and balanced against any possible benefits.

9.3  Selection of Hemodialysis Access: AVF Versus AVG 
Versus TDC in the Elderly

9.3.1  Kidney Disease Outcome Quality Initiative (KDOQI) 
Guidelines

The current Kidney Disease Outcome Quality Initiative (KDOQI) guidelines, last 
updated in 2006, state that patients should have a functional permanent access at the 
initiation of dialysis therapy. The KDOQI guidelines suggest that a working fistula 
should have the following characteristics, sometimes called the “Rule of 6s”: blood 
flow adequate to support dialysis (generally greater than 600 mL/min); a diameter 
greater than 6 mm, with location accessible for cannulation and discernible margins 
to allow for repetitive cannulation; and a depth of approximately 6 mm [13]. 
Accordingly, patients should be referred for arteriovenous fistula (AVF) creation at 
least 6 months before the start of HD. This is in preference to AV grafts (AVG) due 
to a belief that AVF are superior to AVG due to improved survival, lower costs, bet-
ter patency, and reduced risk of infection or other complications. This time frame is 
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suggested to allow for both initial access evaluation as well as additional time for 
revision to ensure that a working fistula is available at initiation of dialysis therapy 
[13]. Of note, this recommendation is based on expert opinion; a recent meta- 
analysis was unable to identify any studies that compared early to late referral for 
access creation [21].

An additional challenge is accurately predicting when dialysis will need to be 
initiated [22]. A liberal policy of early surgical referral provides more opportunities 
for successful access creation and can reduce the likelihood of starting HD with a 
tunneled dialysis catheter (TDC). This is an important consideration in the elderly, 
who have a lower rate of maturation compared to younger patients [23]. However, 
this may also be associated with a higher rate of unused AVF due to unexpectedly 
slow kidney function decline or competing mortality [24]. One study in the United 
States Department of Veterans Affairs system focused on patients with GFR less 
than 25 mL/min. In this group, 25% initiated HD over the ensuing year, while a far 
lower percentage of elderly patients received permanent access. The majority of 
elderly CKD patients survived without requiring dialysis, and many died before 
initiating dialysis [25]. A decision analysis model suggests a GFR threshold of 
15–20 mL/min; though due to competing mortality risks, later referral at a lower 
GFR level would be appropriate for elderly patients [26]. Similarly, another resource 
suggests using a GFR threshold of 20 mL/min at which point a patient should be 
referred for AV fistula creation [27]. Ongoing work to establish clinically valid pre-
diction rules for the progression to ESRD may help to individualize the approach to 
access placement.

Compared to AVF creation, AVG placement is considered to be the second best 
option in patients that have not yet started hemodialysis, but is better than initiating 
HD through TDC, according to the KDOQI guidelines. This ranking appears to be 
valid in the elderly, and is supported by data from analysis of data from administra-
tive databases and the US Renal Data system (USRDS) [28, 29]. There is a concern, 
though, that successful maturation of an AVF may be a marker of overall improved 
medical status, and not of an effect of the access type [30, 31]. This selection bias 
may lead to an overestimate of the benefit of AVF over AVG [32]. More recent 
analyses that account for the influence of selection suggest that AVF and AVG may 
be equivalent in certain populations, especially the elderly [33–35].

Finally, dialysis through a TDC is considered inferior to both AVF and AVG due 
to the tendency for patients receiving HD through TDC to suffer increased rates of 
mortality, infection, and hospitalization compared to patients receiving AVF or 
AVG [36]. Further, catheters are associated with less efficient dialysis, the develop-
ment of central venous stenosis, and an increased number of procedures required to 
maintain a functioning vascular access, leading to increased expense [37, 38]. This 
dynamic has also been demonstrated in the elderly [34]. The reasons for this increase 
in adverse outcomes in TDC patients have been postulated to be related to increased 
risks for catheter-related septicemia and also sterile inflammation even in the 
absence of infection [39].

The medical rationale for trying to avoid catheters is clear; however, from the 
patient’s perspective, TDC has the distinct advantage of being in many ways the 
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least invasive procedure, as it does not require surgery, a maturation period, or being 
cannulated thrice weekly with large-gauge needles, as AVF and AVG require [40]. 
This is especially relevant for elderly patients who may be struggling with multiple 
other medical challenges [41].

9.3.2  Transitioning Patients from TDC to an Internal Access

Despite KDOQI’s goal of 50% AVF as a patient’s incident vascular access, in 2010 
approximately 80% of patients initiated HD through TDC, with approximately 16% 
started through AVF, and the balance through AVG. This distribution has remained 
largely unchanged since 2005, and is also seen among elderly patients [42]. Particularly 
in the elderly, the challenge of facilitating a transition from catheters to an internal 
access is complicated by the heavier burden of medical comorbidities that this patient 
population suffers. Extended TDC dependence after HD initiation is more likely to 
occur in elderly patients and may be related to longer time to maturation, increased 
need for secondary procedures, and higher primary failure rates [43].

Because of the known disadvantages of prolonged TDC dependence, AVG 
placement may be more attractive than AVF creation due to higher maturation 
rates and shorter time to maturation, leading to earlier TDC removal. However, 
these advantages need to be balanced against more frequent use of secondary 
procedures to maintain patency, as demonstrated in one study using administra-
tive data from the USRDS [44]. In the elderly, who have short life expectancy, the 
longer-term risks of AVG use, including infection, limited primary patency, and 
potentially higher rates of ischemic steal syndrome, may not be as relevant as for 
younger patients. Recently, analytic tools to predict mortality rates among ESRD 
patients on HD have been developed, which may assist clinicians with tailoring 
vascular access options to particular patient needs [45]. As such, further research 
is necessary in order to better characterize the role of AVF and AVG, and deter-
mine the relative trade-offs, and whether different recommendations should exist 
based on patient age and preference.

9.3.3  Outcomes of Vascular Interventions in Elderly ESRD 
Patients

9.3.3.1  General Considerations
Both end-stage kidney disease and increasing age are well-known risk factors after 
many vascular surgical interventions, including repair of infrarenal abdominal aor-
tic aneurysms (AAAs), carotid artery stenting (CAS) and carotid endarterectomy 
(CEA), and treatments for lower extremity arterial insufficiency [46–48].

Regardless of the presence of ESRD or advanced age, patients with symptomatic 
or ruptured aortic aneurysms are nearly always managed with either endovascular 
or open surgical intervention [49]. In these cases, although the perioperative risks 
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are heightened due to the presence of ESRD and elderly status, the alternative of 
observation and medical management frequently leads to free rupture and death.

Similarly, symptomatic 50–99% stenosis of the extracranial internal carotid 
artery is usually treated, with some considerations for medical comorbidities and 
advanced age. Carotid endarterectomy (CEA) is generally the first option, and is 
preferred in the elderly, with carotid artery stenting (CAS) being reserved for 
patients with challenging anatomy or with severe cardiac or pulmonary comorbidi-
ties [47].

However, the majority of patients undergoing interventions for abdominal aortic 
aneurysms and extracranial carotid artery occlusive disease are asymptomatic, and 
in this population, the increased perioperative risk associated with ESRD and 
elderly status suggests that observation and medical management can sometimes be 
appropriate.

9.3.3.2  Asymptomatic, Intact Abdominal Aortic Aneurysms
In general, asymptomatic, intact abdominal aortic aneurysms larger than 5.5 cm 
should be considered for elective repair. At smaller diameters, the long-term 
benefit of early repair appears to be outweighed by the perioperative risk. At 
diameters between 4.0 and 5.4 cm, the UK Small Aneurysm Trial showed that 
compared to observation, early open surgical repair offered no long-term benefit 
in survival, while also subjecting patients to approximately 6.8% increased risk 
of mortality in the first 6 months after randomization [50]. Endovascular abdomi-
nal aortic aneurysm repair (EVAR) is associated with lower perioperative risks, 
leading some to suggest that repair at smaller sizes may be appropriate [51]. On 
the other hand, more recent publications suggest that patients with overall poor 
life expectancy and those that cannot safely tolerate a minimally invasive proce-
dure should not undergo AAA repair, though the pre-operative identification of 
these patients can be difficult [52].

Elderly patients with ESRD over age 65 at HD initiation certainly suffer from 
abbreviated life expectancy, with a median survival of less than 2 years. Among 
patients who underwent AAA repair, an analysis of the United States Renal Data 
System (USRDS) found 1557 patients, 261 who had undergone open surgical 
repair and 1296 who had undergone EVAR between 2005 and 2008. The 30-day 
mortality after EVAR was lower than after open aortic repair (OAR) (10.3% vs. 
16.1%). This perioperative survival advantage associated with EVAR was 
quickly lost; survival estimates were similar at 66.5% at 1 year (EVAR, 66.2%; 
OAR, 68%) and 37.4% at 3 years (EVAR, 36.8%; OAR, 40.0%). Median sur-
vival was 25.3 months after EVAR and 27.4 months after OAR [53].

Of note, current European Society for Vascular Surgery clinical practice 
guidelines state that AAA patients who undergo repair should have life expec-
tancy of at least 3 years, which is longer than the median survival of patients who 
underwent AAA repair in the USRDS [54]. Meanwhile, American College of 
Cardiology Foundation/American Heart Association guidelines articulate a life 
expectancy of 2 years [55]. Ideally, criteria can be developed to assist with select-
ing patients with the necessary life expectancy, but in the absence of extenuating 
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clinical circumstances, delaying prophylactic repair of asymptomatic AAAs in 
elderly ESRD patients until the AAAs reach a fairly large size threshold may be 
an appropriate strategy.

9.3.3.3  Asymptomatic Carotid Artery Occlusive Disease
In asymptomatic patients with 60–99% stenosis of an extracranial carotid artery, the 
benefit of carotid revascularization in asymptomatic patients can confer durable 
reduction in the risk of stroke, but this is dependent on excellent surgical technique. 
Perioperative stroke and death rates need to be less than 3%. However, it is also 
predicated on the patient’s life expectancy, particularly in asymptomatic patients 
who are only expected to derive the full preventive advantages if they anticipate a 
life expectancy of at least 3 years [47]. This life expectancy may not be realized in 
patients with multiple medical comorbidities, particularly elderly patients with 
ESRD [41]. Although such patients have been shown to have potentially acceptable 
perioperative outcomes after CEA, long-term survival is poor, leading to calls for a 
conservative, nonoperative approach to the management of asymptomatic carotid 
disease for this population [56].

The development of CAS has been presented as an alternative to CEA for certain 
high-risk patients. Current guidelines define “high risk” as patients with medical 
risk factors, principally cardiac and pulmonary comorbidities, in addition to chal-
lenging anatomy like a high carotid bifurcation, the presence of a tracheal stoma, or 
extensive scar tissue due to radiation therapy or previous surgery [47]. In the Carotid 
Revascularization Endarterectomy Versus Stenting Trial, CAS appeared to be asso-
ciated with lower rates of post-operative cardiac complications, but higher rates of 
stroke [57]. As such, the use of CAS as opposed to CEA or medical management in 
asymptomatic patients is still controversial, with specialty guidelines offering vary-
ing recommendations [58]. Society for Vascular Surgery guidelines recommend 
that CAS be reserved for high-risk patients with symptomatic carotid artery steno-
sis. Asymptomatic patients are best managed with CEA or medical management if 
they are at high risk for open surgery or if they have limited life expectancy [47].

For a patient with asymptomatic carotid artery stenosis, the relationship 
between perioperative risk, life expectancy, and the ongoing risk reduction after a 
successful intervention was recently described mathematically. The investigators 
of this decision analysis created a generalized model, identifying a critical life 
expectancy that was a function of perioperative complication rates and the abso-
lute risk reduction that could be expected after successful surgery. As applied to 
patients with ESRD who have a short life expectancy, in order for either CEA or 
CAS to be superior to medical management, the intervention would need to be 
associated with either very low periprocedural complication rates or have very 
high absolute risk reduction [59].

These challenges were highlighted in a recent analysis of USRDS data, which 
focused on asymptomatic patients who underwent CEA and CAS. In this study, 
2131 asymptomatic patients underwent carotid revascularization (1805 CEA, 326 
CAS). Perioperative combined stroke or death rate was similar at 10.1% after CEA 
and 10.9% after CAS. Median survival after surgery was approximately 2.0 years 
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for CAS and 2.5 years for CEA. Age over 70 years at the time of surgery was predic-
tive of mortality in multivariate Cox proportional hazards modeling. While the rates 
of stroke with medical therapy alone could not be ascertained in the study, the 
remarkably short survival after both CEA and CAS is sobering, and is clearly lower 
than the 3-year guidance offered in contemporary guidelines [60]. As with intact, 
asymptomatic aortic aneurysm disease, criteria can be developed to assist with 
selecting asymptomatic, elderly ESRD patients for carotid revascularization. 
However, in the absence of extenuating clinical circumstances, medical manage-
ment may be preferable in this population.

9.3.3.4  Lower Extremity Peripheral Arterial Occlusive Disease
Lower extremity peripheral arterial occlusive disease is more prevalent in patients 
with ESRD, compared to the general population, with rates of approximately 25% 
in two large prospective studies, in addition to significantly higher rates of cardio-
vascular morbidity and mortality [61]. Patients with ESRD who undergo lower 
extremity revascularization are more likely to suffer post-operative morbidity and 
mortality compared to patients with normal kidney function [62]. An analysis of the 
Dialysis Mortality and Morbidity Study in the USRDS showed post-operative mor-
tality rates of 12.6% and 7.5% for bypass and angioplasty, respectively [63].

Given these challenging results, some authors have questioned whether lower 
extremity revascularization is worthwhile in patients with ESRD [64]. The counter-
vailing concern, though, is the fate of the patient in whom limb salvage is unsuc-
cessful. In an analysis of Medicare data from the 1990s, the rate of amputation was 
6.2 per 100 person-years. Further, two-thirds died two years post-operatively after 
an amputation [65]. Clearly, while outcomes after lower extremity revascularization 
are challenging, amputation is associated with adverse health outcomes, as well.

In general, both endovascular techniques and open surgical revascularization can 
be used for limb salvage. In the Bypass versus Angioplasty In Severe Ischaemia of 
the Leg (BASIL) trial, which was a randomized controlled trial (RCT) that com-
pared a balloon-angioplasty-first strategy versus bypass-surgery-first strategy, out-
comes in terms of amputation-free survival were broadly similar, though balloon 
angioplasty was associated with lower costs [66]. However, among patients who 
survived at least 2 years, bypass surgery was associated with improved survival, 
leading to the suggestion that bypass surgery should be offered to patients who 
could be expected to survive at least 2 years [67]. In order to assist with patient 
selection, a survival model based on BASIL data was created. Elderly status and 
impaired kidney function were among the most important predictors of mortality 
[68]. Extending these findings to the elderly ESRD population with symptomatic 
peripheral arterial disease would suggest that an endovascular-first strategy that 
spares the patient some perioperative morbidity may be preferable due to the rela-
tively short survival we expect in this patient population.

9 Renal Failure in the Elderly



168

9.4  Strategies to Prevent Contrast Nephropathy

Contrast-induced acute kidney injury (CI-AKI) has been defined as an acute 
decrease in kidney function after intravascular administration of an iodinated con-
trast medium. The change in kidney function manifests as an increase in serum 
creatinine level of 25% or 50% relative to baseline, or an absolute change in serum 
creatinine level of 0.5 mg/dL within 2–5 days [69]. Pre-existing renal functional 
impairment is likely the most important risk factor for developing CI-AKI and the 
elderly, many with multiple medical comorbidities including diabetes, are certainly 
at high risk of chronic kidney failure [70].

A single-institution patient series reviewed outcomes after percutaneous coro-
nary interventions. In their analysis of 8357 patients, hypotension, intra-aortic bal-
loon pump, congestive heart failure, chronic kidney disease, diabetes, age greater 
than 75 years, anemia, and volume of contrast used were identified as risk factors 
for the development of CI-AKI [71]. While clearly an unmodifiable risk factor, 
advanced age needs to be recognized as a marker for increased risk of CI-AKI, and 
appropriate precautions taken to prevent AKI [72].

The mechanism for CI-AKI is not well defined, and is thought to be associated 
with a combination of renal vasoconstriction, acute tubular necrosis, reactive oxy-
gen species production, and possibly direct toxicity on renal tubular cells. 
Regardless, the osmolality of the contrast agent appears to be a key modifiable risk 
factor, and there have been multiple efforts to create nonionic contrast agents, in 
addition to reducing their osmolality [73]. A recent meta-analysis of 25 trials dem-
onstrated that CI-AKI after intra-arterial injection of contrast was less frequent with 
use of the iso-osmolar agent iodixanol (Visipaque), as compared to nonionic low- 
osmolar agents [74]. Iso-osmolar nonionic agents like iodixanol typically have 
osmolality of 290–320 mOsm, while low-osmolar nonionic agents like iohexol 
(Omnipaque) and iopamidol (Isovue) have osmolality around 600 mOsm. Finally, 
the osmolality of older, high osmolar ionic agents like iothalamate (Conray) is 
around 1600 mOsm; these agents are rarely used in contemporary practice.

The use of pre-exposure volume expansion is widely accepted. Guidelines pub-
lished by the Kidney Diseases Improving Global Outcomes (KDIGO) initiative rec-
ognize the danger of volume depletion in patients who are already at elevated risk 
of AKI, like the elderly. The use of intravenous volume expansion with isotonic 
sodium chloride solution or sodium bicarbonate solutions is recommended over 
using hypotonic sodium chloride solutions, no intravenous volume expansion, or 
oral hydration alone [75].

N-acetylcysteine (NAC) is related to the amino acid cysteine and acts as a free- 
radical scavenger, producing antioxidant and vasodilatory effects. It has been stud-
ied as a prophylactic agent against CI-AKI in multiple observational and randomized 
studies with conflicting results [75, 76]. The results of ten randomized controlled 
trials were recently reviewed in a meta-analysis, which demonstrated that the com-
bination of N-acetylcysteine (NAC) and sodium bicarbonate isotonic solutions 
reduced the occurrence of CI-AKI overall but not dialysis-dependent kidney failure. 
While the effect of NAC is not seen consistently across available studies, oral NAC 

T.H. Yuo and M.L. Unruh



169

is inexpensive and relatively safe. As such, current specialty guidelines offer cau-
tious endorsement of the use of oral NAC in addition to isotonic intravenous vol-
ume expansion in order to prevent CI-AKI [69, 75].

Several investigator teams have studied prophylactic intermittent hemodialysis 
(IHD) for contrast-media removal. One major RCT demonstrated a benefit from 
prophylactic hemodialysis in patients with pre-existing chronic kidney disease. This 
study randomized 82 patients to normal saline intravascular fluid expansion either 
with or without a 4 h session of hemodialysis immediately after coronary angiogra-
phy. Baseline creatinine was 4.9 mg/dL in both groups. Patients randomized to HD 
were noted to have lower peak serum creatinine levels (6.7 mg/dL vs. 5.3 mg/dL), 
less need for temporary kidney replacement therapy (35% vs. 2%), and lower need 
for long-term dialysis after discharge (13% vs. 0%) [76, 77]. Multiple authors have 
challenged the study’s conclusions due to the small sample size and the fact that the 
renal outcome of serum creatinine concentration was directly impacted by the study 
intervention of prophylactic hemodialysis. Furthermore, the majority of the studies 
that have been published have not found any benefit from prophylactic kidney 
replacement therapy. A recent meta-analysis demonstrated that prophylactic HD 
held no advantages over standard medical therapy in terms of need for permanent 
kidney replacement therapy or progression to ESRD. In fact, HD appeared to actu-
ally increase the risk of CI-AKI [78].

There are other ungraded recommendations from KDIGO that are particularly 
relevant to the elderly population.

• Clinicians should assess kidney function in order to identify patients with pre- 
existing, but perhaps underappreciated, chronic kidney disease.

• Alternative imaging methods in patients at increased risk of CI-AKI should be 
considered.

• The lowest possible dose of contrast medium should be employed in patients at 
risk of CI-AKI.

The KDIGO recommendations are summarized in Table 9.1.

9.4.1  Considerations for Individualizing Care of Older Patients 
with ESRD

Dialysis dependence is associated with marked reduction in health-related quality 
of life (HRQoL) compared to age-matched controls, a finding seen in both North 
American and international populations [79]. Cross sectional studies have sug-
gested that peritoneal dialysis is associated with improved HRQoL compared to 
hemodialysis in the general population [80]. While this finding suggests that perito-
neal dialysis may be the preferred modality for many patients, it may be related to 
selection bias, and in any case is difficult to apply to the elderly population, who 
frequently have difficulty adhering to the self-care requirements. Further, any initial 
advantage in HRQoL may not be sustained; an observational study focused on 
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elderly patients found that while initial HRQoL was higher in the PD population, 
this advantage was not evident at 6 and 12 months after dialysis initiation [18].

For hemodialysis patients, in particular, the causes for reductions in quality of 
life are likely multifactorial. Pain and depressive symptoms can drive lower mental 
health scores, and also lead to shortened hemodialysis treatments, increased utiliza-
tion of emergency services, and hospitalizations [81]. In the recently published 
Frequent Hemodialysis Network trial, 245 patients were randomized to standard 
thrice weekly dialysis or a more frequent schedule of dialysis six times per week, 
with shorter daily sessions. The more frequent schedule was associated with 
improved self-reported general mental health, although depression scores were not 
significantly different. Possible mechanisms for this finding include better small 
molecule clearance, better volume management, reduced inflammation, and more 
convenient timing of dialysis [82].

Another issue to consider is the impact on caregivers. This is particularly rele-
vant for peritoneal dialysis patients due to the significant home-care that is required. 

Table 9.1 KDIGO clinical practice guideline for acute kidney injury management associated 
with radiocontrast administration

Recommendation
Strength of 
recommendation

Assess the risk of CI-AKI and, in particular, screen for pre-existing 
impairment of kidney function in all patients who are considered for a 
procedure that requires intravascular (i.v. or i.a.) administration of 
iodinated contrast medium

Not graded

Consider alternative imaging methods in patients at increased risk of 
CI-AKI

Not graded

Use the lowest possible dose of contrast medium in patients at risk of 
CI-AKI

Not graded

We recommend using either iso-osmolar or low-osmolar iodinated contrast 
media, rather than high-osmolar iodinated contrast media in patients at 
increased risk of CI-AKI

1B

We recommend i.v. volume expansion with either isotonic sodium chloride 
or sodium bicarbonate solutions, rather than no i.v. volume expansion, in 
patients at increased risk of CI-AKI

1A

We recommend not using oral fluids alone in patients at increased risk of 
CI-AKI

1C

We suggest using oral NAC, together with i.v. isotonic crystalloids, in 
patients at increased risk of CI-AKI

2D

We suggest not using theophylline to prevent CI-AKI 2C

We recommend not using fenoldopam to prevent CI-AKI 1B

We suggest not using prophylactic intermittent hemodialysis (IHD) or 
hemofiltration (HF) for contrast-media removal in patients at increased risk 
of CI-AKI

2C

Adapted from [75]
Grading scale:
Level 1: “strong”
Level 2: “weak” or discretionary
Quality of supporting evidence: A (high), B (moderate), C (low), or D (very low)
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In one observational study of 201 elderly patients, the caregivers for 84 hemodialy-
sis patients were compared to 40 peritoneal dialysis patients, who were both com-
pared to a control group of caregivers of 77 non-elderly hemodialysis patients. 
Caregivers of peritoneal dialysis patients scored significantly lower on the mental 
component of the SF-36 than caregivers of hemodialysis patients. The authors 
hypothesized that this may be related to the challenges of repetitive dialysis 
exchanges and other medical responsibilities; these can be onerous and lead to feel-
ings of anxiety, stress, resentment, and guilt [83].

While there have been multiple studies investigating the difference in HRQoL 
between PD and HD, the HRQoL related to hemodialysis access (i.e., AVF vs. AVG 
vs. TDC) has not been studied as extensively. The existing measures, including the 
CHOICE Health Experience Questionnaire (CHEQ) and Kidney Disease Quality of 
Life (KDQOL), have only a handful of broad questions exploring dialysis access type 
[84, 85]. More recently, the short-form vascular access questionnaire (SF-VAQ) was 
developed. This is a validated questionnaire evaluating patient satisfaction in a 
Canadian setting associated with HD access type. HD through an AVF was associated 
with the highest overall satisfaction, followed by TDC, with AVG having the lowest 
scores. Interestingly, the study determined that while AVF scored well in terms of 
outcomes like concerns around hospitalization and bathing, TDC was preferred when 
it came to physical complaints like pain, bleeding, swelling, and bruising [86].

Recently, quality of life considerations have been explicitly referenced in con-
temporary guidelines for the management of patients with ESRD [87]. However, 
there may still be tension between what might be recommended in guidelines and 
what an individual patient may find preferable, especially in the elderly [88].

Guidelines for ESRD patients often present a uniform approach to management, 
prioritizing interventions to reduce mortality and manage disease complications. 
The overall goal is to provide a simplified pathway to guide management rather than 
address complex issues that may develop for individual patients. Many ESRD 
patients have multiple comorbid conditions, which can generate conflicting treat-
ment recommendations [89]. In older patients, an individualized approach that con-
siders competing sources of morbidity and mortality can inform clinical decisions. 
Clinicians, in conjunction with patients and caregivers, can prioritize patient- 
centered outcomes, even if these outcomes may not be easily explained by a well- 
described disease process [90].

Key Points

• With regard to management of vascular surgery issues in the elderly patient with 
renal failure, most recommendations are similar to those for younger patients. 
However, current guidelines often present a uniform approach to management, 
whereas older patients with ESRD may benefit from a more individualized 
approach due to heavy burden of comorbidities and shortened life expectancy.

• Both hemodialysis (HD) and peritoneal dialysis (PD) are reasonable renal 
replacement therapies in elderly patients with likely similar long-term outcomes, 
though PD requires significantly more patient resources and can be difficult for 
elderly patients and their caregivers to implement.
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• In patients receiving HD, both arteriovenous fistulas (AVF) and arteriovenous 
grafts (AVG) are clearly superior to tunneled dialysis catheters as access modali-
ties. AVF are likely superior to AVG, when they mature, but lengthy AVF matu-
ration time can lead to prolonged TDC dependence. In elderly patients, the 
long-term benefits of AVF need to be balanced against the effects of prolonged 
TDC dependence on patients with already shortened life expectancy.

• Repair of asymptomatic, intact abdominal aortic aneurysms in elderly patients 
with renal failure is associated with poor perioperative and long-term outcomes. 
Delaying surgical intervention, especially in patients with difficult anatomy 
requiring open repair, may be reasonable in many cases.

• Medical management is the first choice in asymptomatic elderly patients with 
carotid artery occlusive disease and dialysis dependence. In well-selected 
patients with good life expectancy and severe extracranial carotid stenosis, 
carotid endarterectomy (CEA) is reasonable. The role of carotid artery stenting 
(CAS) in asymptomatic renal failure patients is unclear, and patients with clini-
cal characteristics that make CEA difficult, and hence favor CAS, are likely best 
served with medical management alone.
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10Ethical Considerations

Jun Xu and Daniel E. Hall

10.1  Case

An 83-year-old man was transferred to our tertiary care center after reporting to an 
urgent care center with new onset of back and abdominal pain. A noncontrast CT 
scan there confirmed a 10-cm juxtarenal abdominal aortic aneurysm with some 
stranding in the retroperitoneum, indicating a contained rupture. He has significant 
cardiovascular comorbidities including coronary artery disease that required a 
3-vessel coronary artery bypass at age 50. On presentation, the patient is tachycar-
diac but otherwise stable. He appears to be in mild distress but is otherwise alert and 
oriented.

10.2  Introduction

This and other situations like it are all too common in vascular surgery. And 
they are difficult. The right and good course of action is not always clear on the 
face of facts because what might be good for one patient, might not be good for 
another patient in similar clinical circumstances. Moreover, such decision mak-
ing is often caught up in a confusing interface of capacity, consent, and often 
misguided expectations in and around the end of life. How is a surgeon to navi-
gate this terrain?

Clinical decisions are made through partnerships between physicians and 
patients. Whether we recognize it or not, each clinical decision includes an 
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ethical choice just to the extent that each decision aims at serving the patient’s 
“good.” What is ultimately the right thing to do therefore depends on how each 
patient and physician understand that “good.” The right and good action must not 
only be informed by the scientific evidence but also take into account the patient’s 
values and the surgeon’s own clinical judgment. The following pages lay a foun-
dation for a systemic approach to just this kind of ethically sensitive medical 
decision making.

10.3  Urgency

Depending on the urgency of the situation, the surgeon and patient may or may 
not be able to engage each other in every aspect of an ideal decision-making 
process. In fact, in absolute emergencies, surgeons are empowered to make 
decisions unilaterally (e.g., the trauma bay). This extraordinary power and 
responsibility is justified because it is reasonable to assume that most, though 
not all, patients would prefer to live than to die [1]. Preserving life in these cir-
cumstances may also permit patients to make their own choices after the urgency 
resolves. However, surgeons must exercise this power with extreme care, espe-
cially in circumstances where there may be doubt that preserving life is prefer-
able to immanent death. Indeed, a growing literature demonstrates that elderly 
patients frequently fear invasive treatments and debilitation more than death. 
For example, one study of seriously ill patients ≥60 years of age found that 99% 
would agree to a low-burden treatment that was likely to restore current health, 
but if the treatment was associated with a significant chance of functional or 
cognitive impairment, 74–94% of patients reported that they would forgo the 
treatment, even if it meant they would not live as long [2]. The repair of ruptured 
aortic aneurysms is associated with just these kinds of impairments. Further, the 
SUPPORT trial demonstrated that many critically ill patients received more 
invasive treatment than they preferred (e.g., such as surgery) [3], and other 
research shows that patients often receive treatment that is inconsistent with 
their values and preferences [4, 5].

The patient in our vignette is hemodynamically stable, but there is a rupture 
and a decision must be made regarding the next steps. Extensive deliberation is a 
luxury that neither party can afford. However, there is probably more time to 
engage in shared decision making (SDM) than is often practiced. For example, 
the patient could probably wait for an hour or two and weigh his options or wait 
for the arrival of a trusted family member. But many patients like this will be 
ready to decide in minutes. Part of the surgeon’s responsibility is to discern the 
time available to make a decision without significant impact on the range of 
options. If we wait too long, the optimal surgical treatment may no longer be 
possible. If we act too soon, we may not accurately discern the course of action 
most suited to the patient’s values and goals. Finding the balance between these 
extremes requires the wisdom of experience.
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10.4  Capacity

When time permits, ethical and legal standards require surgeons to involve patients 
in the decision-making process. To do so, patients need to have decision-making 
capacity. Capacity is a relatively fluid concept that describes a person’s ability to 
make an informed decision.

In general, four elements are needed to determine capacity, and these are some-
times coupled with the criteria of informed consent: (1) patients must be able to 
express a choice, (2) understand the surrounding circumstances, (3) appreciate the 
nature and significance of the decision as well as be able to (4) reason from the 
understood and appreciated facts to a coherent decision [6–8]. The ability to express 
a choice is perhaps the least abstract of these criteria: if the patient expresses an 
opinion, he/she essentially has this capacity. Of course, it is possible to imagine 
scenarios where patients’ understanding and appreciation and reasoning are all 
intact, yet have no way to express or communicate their informed, reasoned deci-
sion, but these instances are rare. Once the patient has expressed a preference for 
his/her care, the surgeon should then assess the patient’s ability to understand the 
risks and benefits of the clinical options. For capacity to be clearly evident, the 
patient must go beyond mere comprehension in order to demonstrate an apprecia-
tion of what those risks and benefits mean to him/her. That is, patients must recog-
nize that their own lives, values, and futures are at stake, and that the 10% chance of 
graft infection could actually happen to them. Finally, after understanding and 
appreciating the relevant facts, patients must take those facts and reason with them 
to choose a course of action that is recognizably coherent. When making a determi-
nation about capacity, the focus is not so much on the merits of the decision, but on 
the integrity of the process by which the decision was reached. Even though the 
surgeon may disagree with the Jehovah’s Witness who chooses to eschew transfu-
sion, that surgeon can recognize that the decision is coherent within the assumptions 
of the patient’s worldview and the relevant facts of the case.

Finally, it is important to recognize that decision-making capacity is always con-
textual to the decision in question. Patients may be perfectly capacitated to choose 
clothing or menu items, but incapacitated to choose between open versus endovas-
cular approaches to aortic rupture. Furthermore, during the course of medical treat-
ment, capacity may wax and wane throughout the day or the week with changing 
orientation and episodic delirium. High-quality shared decision making demands 
that vascular surgeons attend carefully to patients’ capacity to share in the decision 
making, aware that this capacity may change from patient to patient, and from hour 
to hour with the same patients.

An example of patient with impaired capacity might look like the following: Mr. 
Jones understands that his aorta is ruptured and that surgery entails risks of, among 
other things, renal failure, graft infection, and profound deconditioning requiring 
long-term rehabilitation in a nursing home, but in justifying his preference for sur-
gery, he repeatedly states he “always beats the odds” and that “these things just 
won’t happen to me.” Furthermore, he states his belief that surgery will rapidly 
restore him to independent living at home. There may be compelling and justifiable 
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reasons to proceed to the operating room, but at this juncture, Mr. Jones does not 
demonstrate capacity to make that decision by himself, and the surgeon would be 
wise to contact Mr. Jones’ surrogate decision-maker.

10.5  Surrogate Decision-Making

If a patient demonstrates decision-making capacity, then the medical decisions rest 
with the patient, in consultation with the surgeon. When patients are incapacitated, 
medical decision falls into the hands of a surrogate. Some patients will formally 
document their choice for a healthcare power of attorney to serve this purpose. If 
none is designated, then there are state statutes that rank the applicable hierarchy of 
surrogates (e.g., spouse, adult child, parent, sibling, family member, and friend). If 
the statutorily defined surrogate is not available, pragmatic decisions can be made 
with the patient’s family, domestic partner, or close friend. Surgeons should be care-
ful to understand the precise hierarchy established by the state in which they prac-
tice. They should also recognize that not all powers of attorney are authorized to 
make healthcare decisions (e.g., financial powers of attorney). Before accepting the 
assertion of decision-making authority, careful questioning should clarify that the 
surrogate is actually the healthcare power of attorney.

Living wills and other so-called “advance directives” are another resource for 
surrogate decision-making, although they are often unavailable during medical 
emergencies. Generally, a living will is a document that conveys a patient’s prefer-
ences for healthcare decisions in the event that the patient is incapacitated. It typi-
cally includes a list of permitted and/or forbidden technologies and treatments. 
Although technically precise, the challenge with living wills is interpreting the 
clinical context in which they should be enforced: Does Mr. Jones’ instructions 
against dialysis apply to the current context of acute renal failure 4 days after cross 
clamping his aorta at the diaphragm? Living wills generally address only the broad 
context of end-of-life decisions. They cannot anticipate all the serious medical cir-
cumstances the person may face in the future where their preferences for life- 
sustaining technologies might change.

Further complicating the interpretation of advance directives is the fact that patient 
preferences can change with the passage of time. Living wills are often created long 
before serious decisions actually need to be made, so highly specific directions may 
not have been intended for new and unforeseen circumstances. And even if the living 
will was recently developed, the psychological phenomenon of “affective forecast-
ing” demonstrates that human beings have only limited abilities to accurately predict 
future preferences before they actually experience the events that would make those 
preferences relevant [9]. The preferences recorded in living wills can and should 
inform clinical decisions, and it is often better to know those preferences than not, 
but living wills cannot replace good clinical judgment because the details of particu-
lar clinical contexts can raise legitimate doubts about the applicability of the living 
will. Therefore, it is our experience that living wills are most useful when interpreted 
not in isolation, but in cooperation with a responsible human surrogate who can help 
clinicians discern if and how the living will should apply.
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Surrogates are asked to put their own interests aside and make decisions on 
behalf of the patient, based on their knowledge of the patient’s values, in order to 
approximate the decision the patient would have made themselves. This emphasis 
is important to guard against conflicts of interest that lead surrogates to make deci-
sions for personal gain rather than for the patient’s interests. However, it is a chal-
lenging task to step into somebody else’s shoes, and even with a responsible 
surrogate, substantial obstacles complicate the decision-making process. For exam-
ple, although surrogates can be trained to predict the healthcare preferences of their 
loved ones with some accuracy [10], when left to themselves they do so only slightly 
better than a coin toss [11, 12]. And physicians do even worse than surrogates in 
predicting their patients’ treatment preferences [13]. Thus, although patient prefer-
ence is always a good place to begin, it is often impossible to know with certainty 
what patients themselves would choose, and thus surrogates (and physicians) fre-
quently make decisions on their understanding of the patient’s best interests. Due 
diligence is required so that surrogates and physicians do not simply do what is right 
in their own eyes, and consultation with the patient’s primary care physician can 
often clarify this process. However, in settings such as ours, vascular surgeons are 
often left to gather the best available information about the patient’s values and then 
discern the course best aligned with their limited understanding of those values.

10.6  Informed Consent

Once the parties sharing in the decision making are determined, the process of 
informed consent is engaged with either the patient or the surrogate. Informed con-
sent is a relatively new concept for medicine, rising to prominence only in the 1970s. 
In previous generations, it was generally accepted that the physician’s primary task 
was to inspire the confidence and trust to work in the best interest of the patient. Any 
disclosure of possible difficulties might erode that trust [14]. However, beginning in 
the early twentieth century, a series of lawsuits eventually established patients’ rights 
to self-determination regarding medical treatments. One of the earliest precedents in 
simple consent was established in 1914 when a surgeon removed a tumor from the 
abdomen of a patient who had consented to only a diagnostic procedure. The judge 
ruled that the physician was liable for battery because he violated an “individual’s 
fundamental right to decide what is being done with his or her body.” [15] By the 
mid-twentieth century, increasing pressure emerged to inform patients about the pro-
posed treatment before obtaining their consent. This pressure was partially a reaction 
against the perceived paternalism of physicians. Surgeons were first required to dis-
close what other surgeons typically disclosed about the procedure (e.g., the reason-
able physician standard). In many jurisdictions, the requirement later shifted to 
disclosing what the typical patient would want to know (e.g., the reasonable patient 
standard), including risks, benefits and alternatives of the proposed treatment as well 
as the risks of not acting or postponing treatment [16].

Regardless of the applicable legal standard, the precise amount of information 
that needs to be disclosed remains controversial. Some studies suggest [17, 18] (and 
some courts demand [16]) that physicians disclose risks as rare as 1:14,000. 
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However, not only would this be impractical, but other studies consistently demon-
strate that patients do not remember much of what is disclosed during informed 
consent [19–22], and that they often overestimate their comprehension [23–25]. 
Furthermore, there is strong evidence to suggest that patients have varying prefer-
ences for information quantity [17, 18, 26–30] and decision-making style [31] (e.g., 
active vs. deferential). Finally, there is other evidence to suggest that patients’ do 
not always use the information to inform a deliberative decision-making process, 
opting instead for intuition, instinct [32–35], or a “leap of faith” into the surgeon’s 
care [36, 37]. These and other similar data demonstrate that the ethical and legal 
ideal of informed consent is rarely, if ever, achieved in practice.

Although the ideal informed consent process is rarely achieved, many surgeons 
do engage informed consent with substantial effort [38], and those efforts clearly 
impact patient comprehension and decision making [39–41]. Some surgeons may 
fear that the legal standards for consent are unattainably high, but it is important to 
note that deficiencies of informed consent rarely constitute the primary focus of liti-
gation, more often appearing as an adjunct to litigation resulting from bad out-
comes. Indeed, legal advice on informed consent is pragmatic, recommending 
candid communication tailored to each patient’s needs rather than to abstract and 
overly precise risk thresholds [42]. Well-documented, good-faith efforts to involve 
patients and their families in surgical decision making can satisfy relevant require-
ments without undue burden to busy clinicians [43].

10.7  Shared Decision Making (SDM)

Although informed consent remains a legal requirement, the concept of “shared 
decision making” is increasingly influential in both legal and ethical writing [44–
46]. Consensus regarding the conceptual model for SDM is still emerging [47], 
though many elements are shared across the various existing models. For example, 
Godolfin describes eight elements of shared decision making that describes what 
the best surgeons have always sought to do (Table 10.1) [48]. The goal is neither to 
provide a mini-medical education nor to “Mirandize” patients against all possible 
perioperative risks in an attempt to divest the surgeon from moral responsibility for 
the decision. Rather, an open discussion describing facts relevant to the decision 
should be shared so that the patient can participate in the decision-making process. 
Furthermore, the physician should not shy away from a recommendation, even if it 
is to do nothing; this also necessitates that the rationale for the recommendation be 
shared with the patient. If the surgeon thinks that the patient has a significant 
chance of not surviving the surgery, then the conversation should discuss those 
risks candidly. The conversation can be framed in a way such that the patient’s 
values are acknowledged in the context of realistic expectations. Such a discussion 
should empower the patient to take ownership of and share in the responsibility of 
that decision.

Robust shared decision making is often best achieved in the context of an ongo-
ing relationship of mutual trust and respect. Such a relationship might exist even in 
the emergent context of our vignette if the surgeon had been managing the patient’s 
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peripheral vascular disease while following the seemingly stable aneurysm over 
time. However, the absence of a long-term relationship does not preclude the pos-
sibility of building trust and respect quickly, and engaging an urgent, yet thorough, 
decision-making process. One technique that has been helpful to improve commu-
nication and patient comprehension of the shared decision is to systematically ask 
patients to “repeat back” their understanding of their prognosis, and what they have 
understood about the proposed surgical treatment [40, 49–52].

Both the quality and pace of the shared decision will improve when surgeons 
have a clear view of how decisions are actually shared, including the distinct roles 
played by both the surgeon and the patient. Surgeons bring to the decision their 
unique experience treating multiple patients with similar disease. This experience, 
accumulated through years of practice, endows the surgeon with what Aristotle 
called “practical wisdom” (Greek: phronesis), defined as the capacity to choose the 
best from among multiple imperfect options [53]. In the same way that a mason, by 
virtue of his/her long experience mixing mortar and stacking bricks, is uniquely 
suited to choose the best way to build a wall that stands straight and bears weight, 
so also, a surgeon, by virtue of his/her long experience caring for vascular disease, 
is uniquely suited to choose among the available surgical options.

However, practical wisdom does not exist in a vacuum: it can only be exercised 
toward a specific “goal” (Greek: telos from which English gets teleological). The 
wisdom of the mason’s choice is confirmed by the wall standing straight and bear-
ing weight. The wisdom of the surgeon’s choice depends on how well it achieves 
the patient’s goals, and thus it is impossible for surgeons to exercise their practical 
wisdom without first understanding what their patients want to achieve. This 
requires detailed and rich conversations with the patient: The patient shares his 
goals, and the surgeon shares his/her practical wisdom. Because they lack experi-
ence treating surgical disease, patients cannot have a surgeon’s practical wisdom, 
and forcing them to choose between the multiple imperfect options is a form of 
moral abandonment against which many patients resist (e.g., “Why are you asking 
me to decide, doc? You’re the one who went to medical school”). On the other hand, 
presuming to choose a plan of treatment without a rich understanding of the patient’s 
goals is the kind of paternalistic tyranny against which the doctrine of informed 

Table 10.1 Eight elements of shared decision making [48]

1. Develop a partnership with the patient.

2. Establish or review the patient’s preferences for information.

3.  Establish or review the patient’s preferences for his or her role in decision-making and the 
existence and nature of any uncertainty about the course of action to take.

4. Ascertain and respond to the patient’s ideas, concerns, and expectations.

5. Identify choices and evaluate the evidence in relation to the individual patient.

6.  Present evidence, taking into account points 2 and 3, above, framing effects, and so on; help 
the patient to reflect upon and assess the impact of alternative decisions with regard to his or 
her values and lifestyles.

7. Make or negotiate a decision in partnership and resolve conflicts.

8. Agree upon an action plan and complete arrangements for follow up.
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consent was erected. Shared decision making requires that surgeons shoulder the 
moral responsibility of exercising their unique practical wisdom, but doing so also 
requires clarifying the patient’s goals of care in ways that can frequently elude sur-
geons [54].

10.8  Establishing Goals of Care

For many surgeons, the goals of therapy are most often assumed: restore functional 
anatomy with minimal morbidity. The surgical literature focuses on survival, com-
plication rates, and quality adjusted life years as the common goals of the profes-
sion. Those goals can and do influence surgeons’ work. Indeed, they are some of the 
most important goals that patients hope surgeons can help them achieve. However, 
the exercise of practical wisdom requires richer, thicker, and deeper discussions that 
explore what it means for patients to not only live but also flourish. Patients want to 
keep living, but does flourishing include short (or long) term sustenance on ventila-
tors or dialysis machines? Does flourishing require independence in the patients’ 
own home, or are they open to long-term (or permanent) living in a nursing home? 
Practical wisdom requires asking patients what makes life worth living. It requires 
exploring fears, hopes, and dreams, and among the old and seriously ill, it requires 
asking what patients most want to accomplish with the limited life that remains. In 
our vignette, if the patient’s greatest fear is an extended stay, unconscious in the 
ICU, the wise choice may direct the patient to hospice rather than the ICU. Likewise, 
for a frail patient who wants nothing more than to attend his granddaughter’s wed-
ding the next day, the wise choice might be to defer his carotid endarterectomy even 
as he is experiencing crescendo transient ischemic attacks.

Establishing the goals of care is often difficult and uncomfortable, especially 
among old and frail patients who are approaching the end of their lives. Surgeons 
have rarely received dedicated training in how to lead these discussions with skill 
and grace. And in practice environments that do not reward the time and effort spent 
on setting goals, it is not surprising that the goals of surgical care are frequently 
underdeveloped. However, the difficulty of establishing goals does not diminish its 
critical importance.

The skills for clarifying goals can be taught, either through self-directed learning 
or through interactive simulation [55, 56]. However, given the realities of modern 
surgical practice, busy surgeons may need help elucidating their patient’s hopes, 
dreams, and goals for surgery. In such circumstances, palliative care consultation 
may be helpful not only to clarify goals but to ensure that appropriate advance 
directives are in place, including an identified surrogate. Indeed, there is emerging 
evidence that early palliative care consultation can improve both quality and quan-
tity of life among those with advanced cancers [57, 58]. In fact, one study has dem-
onstrated significantly increased survival among surgical patients when palliative 
care consultation is ordered by the surgeon before the operation [59]. All of this 
suggests that palliative care consultation may be a critical part of the preoperative 
workup and optimization of high-risk patients, especially when patients are elderly 
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or frail. (See Chap. 2 for further discussion of preoperative workup and optimiza-
tion of older patients with vascular disease.)

10.9  Intensity of Postoperative Care and Time-Limited Trials

Recovery from a ruptured aortic aneurysm is intense and fraught with complications. 
Studies repeatedly demonstrate that the risk of complication increases dramatically 
among the frail elderly [60–64]. As such, older patients considering major vascular 
surgery need to understand that postoperative complications are not only possible but 
likely and expected. Therefore, successful recovery from major vascular surgery 
depends largely on the patient’s and surgeon’s mutual commitment to treat reversible 
complications as they arise. Indeed, vascular surgeon Gretchen Schwarze has 
described how most high-risk surgeons consider the consent process to entail “buy-
in” to the index operation as well as any reasonable rescue therapy that may be 
needed in the immediate postoperative period [65–67]. Unfortunately, the data also 
show that only a minority of surgeons negotiate this buy-in explicitly, and even when 
they do, patients often fail to understand what the surgeon intends [66]. This failure 
to communicate can lead to confusion and conflict in the postoperative period, espe-
cially when complications render patients temporarily incapacitated.

One helpful way to manage the intensity and duration of postoperative care 
involves the explicit negotiation and documentation of a time-limited trial [68]. 
Time-limited trials are agreements between patients and clinicians to use specific 
medical therapies over a specific time during which the patient’s prognosis can 
clarify. If the patient is improving, aggressive support continues. If the patient’s 
recovery stalls or deteriorates, support can be withdrawn.

Negotiating time-limited trials requires frank discussions about the expected 
range of rescue therapies that might be required, including: (1) protracted stays in 
the intensive care unit (ICU), (2) the need for extended mechanical ventilation and 
tracheostomy, (3) the chance of acute or chronic renal failure requiring temporary 
or permanent dialysis, (4) the likelihood of protracted rehabilitation in a nursing 
facility, (5) the possibility of short-term gastrostomy for nutrition, and (6) the pos-
sibility that the best case scenario might include long-term disability and depen-
dence. In much the same way that patients delegate the choice of suture or scissor 
to surgeons acting as fiduciary agents [69], patients can delegate the choice of res-
cue therapies to the surgeon and ICU team for a limited time to exercise their best 
practical wisdom in achieving realistic and explicitly described goals for recovery. 
After the limited time, if the prognosis remains unclear, new decisions can be made 
to extend, limit, or withdraw support.

Patient’s (or their surrogates) are always free to refuse specific therapies as they 
become necessary, but the principles of distributive justice can impose limited obli-
gations on patients to do what is necessary for an operation to succeed after they 
have chosen to consume the substantial and limited resources required to complete 
the index operation. Indeed, part of the surgeon’s responsibility is to encourage 
patients to endure sometimes burdensome therapy that is occasionally necessary to 
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achieve the patient’s overarching goals. This discernment requires practical wis-
dom, and it often requires time for the patient’s particular prognosis to emerge.

Ideally, agreements about time-limited trials for postoperative therapy would be 
reached before the index operation and shared with not only the hospital team but 
the patient’s family and identified surrogate. Early consultation with palliative care 
specialists can again facilitate this process. Careful planning before the operation 
can preempt much of the confusion and conflict that attends those patients who 
experience complication or protracted recovery. Even in instances where a shared 
decision-making process was inadequately engaged prior to the index operation, 
instituting a time-limited trial is still useful in negotiating the intensity of treatment 
postoperatively in circumstances where unanticipated complications put the near 
and long-term prognosis in doubt. In these cases, negotiating a time-limited trial can 
afford time for a clearer prognosis to emerge.

10.10  Withdrawal of Support

Not all surgeries go according to plan, and when surgeons operate on elderly 
patients, some of them will die. Although such deaths are always sobering, they are 
not necessarily failures because death can be a calculated risk to achieve concrete 
and mutually agreed benefits. Sometimes the risks are so high that there is no rea-
sonable chance of benefit, and surgeons have always sought to identify these 
patients preoperatively, steering them to more appropriate, nonoperative manage-
ment. Unfortunately, traditional strategies for risk stratification systematically 
underestimate mortality and morbidity in high-risk populations [61, 70–73] and 
psychological dynamics tend toward a “Lake Wobegon effect” [74, 75] where every 
patient (and surgeon) is above average. However, an increasing array of powerful 
risk-prediction models are now available to assist patients and surgeons with 
patient- and procedure-specific risk profiles that can inform both decisions for or 
against operative management, as well as strategies for perioperative optimization 
when surgery is indicated [76, 77].

Although preoperative risk stratification may decrease the frequency of periop-
erative death among older patients, it will not eliminate it. In these circumstances, 
withdrawal of care may be indicated. The technical aspects of withdrawal are 
straight forward and can be managed by the surgeon or ICU team without difficulty, 
but the decision to act can be challenging. Surgeons develop emotional commit-
ments to patients that sometimes delay recognizing that our best efforts will not help 
the patient to flourish. Attending to these emotions demands disciplined self- 
reflection that leads to realistic self-knowledge.

Even when the surgeon recognizes that the time has come to withdraw, it is often 
difficult to convey the reasons for this decision to the patient, their family, and other 
members of the healthcare team. Again, skills for communicating bad news can be 
learned [55, 56], and palliative care specialists can be helpful in this regard. But in 
the end, the surgeon cannot delegate this critical task because prudent discernment 
regarding withdrawal depends on the practical wisdom garnered specifically from 
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the experience of practicing vascular surgery. Shouldering this responsibility is one 
of the greatest privileges and prerogatives of surgical practice, and when done in 
collaboration with the patient, family, and other medical colleagues, it can also be 
profoundly rewarding.

10.11  Conclusions

Returning to our case, after evaluating our patient with a ruptured aortic aneurysm, 
we explained that his condition was likely lethal without an operation, but that the 
operation itself might very well cause more problems than it solves due to his high 
risk for postoperative complications. We spent some time asking about the patient’s 
hopes and fears in the twilight of his life.

His initial inclination was to choose surgical therapy, but he first wanted to dis-
cuss the matter with his daughter who lived nearby and was currently on her way to 
the hospital. We waited close to an hour for them to arrive while we completed the 
ACS NSQIP risk calculator for the proposed procedure in this patient.

By the time the family had arrived, our palliative care colleague had joined us by 
the patient’s bedside where we spent nearly 20 min clarifying the patient’s goals, 
and signing papers making the daughter his official healthcare power of attorney. 
He had reconciled himself to growing dependence on nursing care, but still found 
delight in the daily paper, his extensive collection of swing-era jazz, and regular 
visits from his daughter and grandchildren. His greatest fears were permanent cog-
nitive impairment and dependence on mechanical ventilation. In hopes of restoring 
him to Duke Ellington and his granddaughters, we negotiated a 21-day time-limited 
trial beginning with an open repair of his aneurysm. However, we explained that his 
age and frailty put him at high risk for a number of complications, including death.

Following aortic repair, he seemed to do well initially, but a pulmonary embolus 
led to protracted ventilation further complicated by pneumonia and sepsis. After 
10 days of IV antibiotics, bedside dialysis, and the ICU team’s full court press, he 
started to stabilize and was eventually extubated. However, on postoperative day 15, 
he suffered a massive stroke that again required intubation to protect his airway. 
Although still within the negotiated time-limited trial, the stroke eliminated any real-
istic chance of achieving the patient’s overarching goals, so together with the pallia-
tive care physician, the patient’s surgeon, and daughter decided to withdraw support. 
The patient died shortly thereafter surrounded by his daughter, grandchildren, and the 
local parish priest. Although the team was not able to restore the patient to health, the 
care rendered and the decisions made were nonetheless a model of excellence.

Key Points

• Ethical Practice Strives for “The Good.” All clinical decisions have ethical con-
tent – even if there is no dilemma – because all clinical decisions are directed 
toward the patient’s good. The challenge is to discern the right and good clinical 
choice in the context of each patient’s unique values.
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• Emergencies: In clinical emergencies when patients cannot speak for them-
selves, vascular surgeons are empowered to make decisions on behalf of their 
patient based on the surgeon’s good-faith understanding of the patient’s good. 
This power is a heavy responsibility that should be exercised with extreme care, 
informed by growing data that older patients often receive more invasive and 
aggressive care than they would have wanted had they been able to speak for 
themselves.

• Decision-Making Capacity: When the patient is able to express an opinion, the 
vascular surgeon is tasked with assessing the patient’s capacity to make the deci-
sion at hand. Capacitated patients (1) understand the surrounding circumstances, 
(2) appreciate that the risks, benefits, and alternatives apply to them, and (3) 
reason with the information they understand and appreciate to (4) express their 
preferred course of action.

• Surrogate Decision-Making: If a patient does not have capacity, advice from sur-
rogate decision-maker (e.g., healthcare power of attorney) is sought. Surrogates 
are likely better informed than surgeons about patient values, but they are often 
inaccurate in predicting what patients would want if they could speak for them-
selves. It is appropriate to ask surrogates to explain why they think their choices 
serve the patient’s good.

• Shared Decision Making combines the surgeon’s clinical judgment with patient’s 
values and goals. It recognizes that the surgeon’s practical wisdom of experience 
(phronesis) uniquely positions him/her to recommend the option most likely to 
achieve a specific goal; and that the patient is uniquely positioned to establish the 
goals for surgical treatment.

• Goals of Care guide shared decision making, and they are most effective 
when they move beyond mere mortality and morbidity to describe in textured 
ways what it means for patients to flourish and how the proposed surgical 
treatment can serve that flourishing. Establishing the goals of care starts with 
the first clinical encounter, and in complex situations, palliative care consul-
tants are often helpful in assessing patient goals. However, ongoing conver-
sations between surgeon, patient, and surrogates are needed to reassess how 
goals and values change with clinical context. If the right and good choice of 
action is elusive, time is often best spent elucidating better understanding the 
goals of care.

• Time-Limited Trials are pragmatic tools for discerning the patient’s good. In cir-
cumstances of diagnostic or therapeutic uncertainty, patients and surgeons can 
agree to pursue a specific course of action (e.g., initial surgery and 2 weeks of 
postoperative care) with a plan to reassess the likelihood of achieving the 
patient’s goals at the end of the trial period. If the patient’s goals are still achiev-
able, a new trial can be established, but if the stated goals are no longer realistic, 
the best course of action may require withdrawal of support. Even though such 
patients do not survive, prudent withdrawal can nonetheless be a model of clini-
cal excellence.
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