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Introduction 
 This second edition of the Vascular Red Book was written to help you meet the educational 
goals and objectives for the Vascular Service. Collectively the vascular attendings have reviewed 
a broad range of topics in peripheral vascular disease. For each topic we list the learning 
objectives, summarize the most critical information, and provide a list of key references.  

Residents are expected to have read the Red Book by the end of each and every Vascular 
Surgery rotation. The intention of the Red Book is to help prioritize your study and provide a basic 
knowledge base. It does not take the place of traditional surgical texts and journals. As adult 
learners, PGY1-5 residents will be expected to be able to access information from specialty texts 
(such as Rutherford’s Vascular Surgery, 6th ed.), journals (Journal of Vascular Surgery, etc.), and 
on-line sources to compare practice patterns and outcomes to benchmarks in the literature. This 
fund of information will give you the tools to succeed on written and oral examinations and to take 
better care of patients with vascular disease. Medicine is constantly changing and future editions 
of this book will be necessary for it to remain relevant; we welcome any suggestions that could 
make it a better source of information. 
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Cardiac Risk Assessment 

 
 
by Daniel J Bertges, MD 
 
Learning Objectives 
I. Scope of the Problem 
1. Recognize the common association of coronary artery disease (CAD) and peripheral vascular 
disease (PVD).  
2. Know the statistics of the frequency of severe CAD in patients with symptomatic PVD. 
3. Understand the risk factors predictive of perioperative myocardial infarction (MI). 
4. Be familiar with the early and late cardiac mortality rates following major vascular surgery.  
II. Anatomy and Pathophysiology  
1. Describe normal coronary artery anatomy.  
2. Understand the clinical importance of stable/unstable angina, recent/past MI and congestive heart 
failure (CHF). 
3. Understand the clinical and pathological difference between a subendocardial and transmural MI.  
4. Understand the most important factors intraoperatively and post-operatively that contribute to 
myocardial ischemia. (i.e., increased demand for myocardial oxygen, cathecholamine release). 
5. Realize that nonhemodyanamically significant coronary lesions can cause MI. 
III. Diagnosis  
1. Know the risks of operation in a patient with a recent MI, unstable angina, or decompensated CHF.  
2. Begin to develop an understanding of which patients should undergo a preoperative test for CAD.  
3. Be familiar with provocative cardiac tests and their limits (exercise testing, dipyridamole thallium 
testing, dobutamine stress echo).  
4. Know how to interpret the results of thallium scans. 
5. Understand the need for further evaluation in a patient with a positive stress test.  
6. Understand that the type of procedure should be tailored to the severity of the patient’s cardiac 
risk. Understand options for non-operative treatment, percutaneous intervention, extra-anatomic 
bypass, or a limited procedure instead of an intra-abdominal operation.  
9. Understand when vascular patients are most likely to suffer myocardial ischemia. 
10. Be aware that MI is more difficult to diagnose in postoperative patients and understand the use of 
the EKG and cardiac enzymes in making the diagnosis. 
IV. Treatment  
1. Recognize that most patients with even severe CAD can survive a major vascular operation, but 
need cardiology consultation, careful anesthesia technique, and maximum medical therapy. 
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2.  Acknowledge the importance of antiplatelet therapy and beta-blockade in reducing cardiac events 
after vascular surgery. 
3. Know how to detect and treat myocardial ischemia postoperatively.  
4. Know how to diagnose and treat common complications of MI (monitoring for arrhythmia).  
 
Scope of the problem. Coronary artery disease (CAD) is extremely common in patients with 
peripheral vascular disease. In a landmark study by Hertzer, coronary angiography was performed 
in 1000 patients (roughly divided into thirds by carotid, aortic, and infrainguinal disease) under 
consideration for elective vascular reconstruction. In this study, hemodynamically significant CAD 
was found in 36% of patients with AAA, 28% of patients with lower extremity ischemia, and 32% of 
patients with carotid stenosis. Severe, correctable CAD was identified in 25% of the entire series 
while only 8% had normal coronary anatomy. The reportedly high prevalence of CAD in vascular 
patients has led to numerous algorithms (i.e., Goldman, Eagle criteria) for its evaluation and 
management. While much controversy still remains, practice guidelines exist for the clinical risk 
stratification, preoperative cardiac testing, and decision making for coronary revascularization. 
 
While numerous untoward cardiac events (arrhythmia, CHF, etc.) may occur after surgery, 
nonfatal and fatal MIs are the most important “hard” bad outcomes that can be prevented.  
Myocardial ischemia occurs in 20% - 40% of vascular surgery patients, and more than half of 
these patients develop clinically significant events. Table 1 shows the incidence of MI for the 3 
most common procedures. Surprisingly the incidence of MI is highest in the LE bypass group.  
The same is true of late cardiac events, which are twice as common in patients with LE PVD 
compared to aortic procedures 2 years after surgery. 
 
Table 1. Incidence of perioperative nonfatal and fatal myocardial infarction after common vascular 
procedures.  

Procedure Nonfatal MI Fatal MI 

Elective AAA 2.2% 1.4% 

LE revascularization 4% 1.8% 

CEA 1% 0.4% 

From Rutherford. Vascular Surgery, 6th ed. 
 

Diagnosis of perioperative MI. The traditional criteria for diagnosis of acute MI require 2 of the 
following 3: (1) prolonged chest pain, (2) EKG changes, and (3) positive serial cardiac enzymes. The 
typical symptoms of MI may not be present in 75% of postoperative patients due to numerous factors 
(for example, incisional pain, narcotics, or diabetes). Knowing this, the diagnosis often rests on 
cardiac enzymes. Creatine phosphokinase (CPK) is released from skeletal muscle after surgery and 
can hide the CK-MB fraction released from dying heart muscle. The troponins (C, T, and I) are normal 
muscle proteins involved in calcium-regulated, actin-myosin interaction. Troponins I and T are distinct 
cardiac-subtypes. Troponin I only exists in cardiac tissue and is not present in the blood of healthy 
people or patients with renal failure. Andrews et al. found that the presence of troponin I is accurate in 
detecting cardiac ischemia after vascular surgery. Antman summarized the use of troponin testing in 
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a useful review. Some clinicians question the importance of “chemical MIs” or “troponin leaks”. The 
medical literature reports higher rates of early and late ischemic complications, such as reinfarction 
and postinfarction angina, in these patients. For this reason even non-Q-wave MIs have significance 
for your patients. 
 
The diagnosis of perioperative MI requires a high clinical suspicion with an understanding of the 
atypical presentation and liberal use of EKGs and troponin testing.   
 
Pathophysiology of MI. It is now accepted that primary MIs in ambulatory patients are often caused 
by non-hemodynamically significant stenosis (less than 50% lesions). Cardiac events may result from 
disrupted atherosclerotic plaques without severe stenosis. Because there are no tests to identify the 
exact lesion that will cause an MI, we rely on noninvasive tests to screen for hemodynamically 
significant disease. Detection of severe coronary stenosis is still important but may be more of a 
marker for the degree of “atherosclerotic burden” than predictive of the location of potential 
perioperative myocardial ischemia. 
 
Guidelines for cardiac work-up. In 2002 the American Heart Association issued updated 
guidelines for perioperative cardiovascular evaluation for noncardiac surgery. While 
comprehensive, these guidelines are complex and difficult to apply to clinical practice. A more 
practical algorithm suggested by Krupski appears in Figure 1. Your evaluation starts with the 
history and exam to identify Eagle criteria. Eagle criteria include: (1) age > 70, (2) MI by history or 
Q wave on EKG, (3) angina, (4) history of CHF, (5) diabetes, and (6) ventricular ectopy requiring 
therapy. Provocative cardiac testing then follows. Options include exercise treadmill testing (many 
vascular patients cannot do this), dipyridamole-thallium scintigraphy, dobutamine stress 
echocardiography, or sestamibi stress echocardiography. A meta-analysis comparing 
dipyridamole-thallium imaging and dobutamine echocardiography for risk stratification before 
vascular surgery showed the following: low risk of MI in patients without a history of CAD (1%), 
intermediate risk in patients with CAD and a normal or fixed-deficit pattern (5%), and high risk with 
one or more areas of ischemia (19%).  
 
If severe, reconstructible CAD is found how should you proceed? The CARP (Coronary Artery 
Revascularization Prophylaxis) Study performed by VA hospitals questioned the effectiveness of 
routine coronary revascularization prior to elective vascular surgery. CARP randomized 510 patients 
(1/3 with expanding AAA and 2/3 with symptomatic LE occlusive disease) with stable CAD to 
coronary revascularization by PTCA or CABG in one group; the other group had no preop 
revascularization. Important exclusions included left main disease, LVEF <20% and severe aortic 
stenosis. The primary endpoint was long-term mortality. During the 30-day period after vascular 
surgery, there was no difference in death or MI rate between groups. At a median of 2.7 years, there 
was no difference in mortality rate between the revascularization and no-revascularization groups 
(22% vs. 23%). Vascular surgery was delayed significantly in the revascularization group. CARP 
concluded that preoperative coronary-artery revascularization does not improve long-term survival 
after elective vascular surgery in patients with stable CHD and risk factors for cardiac complications 
and should not be recommended for this patient population. At a minimum, caution is advised in the 
widespread use of coronary revascularization before elective vascular surgery. Patients with PVD are 
at higher risk for complications after CABG or PTCA. In 2005, the trend is toward maximizing medical 
management and going away from reflex revascularization of the heart. 
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Figure 1. Cardiac risk assessment algorithm. From: Vascular Surgery 6/e (on 16 November 2005) 
© 2005 Elsevier. 
 
 
 
Perioperative medical management.  A large body of literature suggests that perioperative beta-
blockade can reduce cardiac events after non-cardiac vascular surgery (Table 2). The stress 
response to surgery involves adrenal cortex stimulation with an increase in catecholamines. 
Catecholamines increase myocardial oxygen consumption by affecting heart rate, preload, 
afterload, and contractility. It is not enough to simply place patients on beta-blockers. You must 
pay attention to the heart rate and titrate the drug accordingly. 
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Table 2. Controlled, Randomized Trials of Perioperative Beta Blockade. 
AUTHOR YEAR No. DRUG FOLLOW-UP CONTROL BETA BLOCKERS 
Stone  1988 128 Control = 39; labetalol =29; 

atenolol= 30; oxprenolol = 
30 

Intraoperative 28% Ischemia 2% Ischemia  
P <.001 

Mangano  
 

1996 200 Control = 101; atenolol= 99 2 years 21% Mortality 10% Mortality 
P <.019 

Poldermans 1999 112 Control = 53; bisoprolol = 59 30 days 17% Cardiac death 3.4% Cardiac death 
P = .02 

Raby  1999 26 Control = 11; esmolol = 15 48 hours 73% Persist ischemia 33% Persist ischemia 
P <.05 

Urban  2000 107 Control = 55; esmolol = 52 48 hours 15% Ischemia; 6% MI; 
16% cardiac morbidity 

6% Ischemia; 2% MI; 
11% cardiac morbidity; 
P = NS 

Poldermans 2001 101 Control = 44; bisoprolol = 57 2 years 32% Cardiac events 12% Cardiac events 
P = .025 

 
From Rutherford. Vascular Surgery, 6th edition 
 
Summary. Cardiac risk assessment for vascular surgery is complex. To keep it simple it is safe to 
assume that the patient has some degree of CAD and will benefit from medical therapy. Judicious 
and thoughtful use of preoperative tests and selective application of coronary revascularization may 
further reduce the incidence of perioperative MI and early and late cardiac death. 
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Carotid Stenosis 
____________________________________________ 
 
by Daniel J Bertges, MD 
 
Learning Objectives 

I. Anatomy and Pathophysiology 

1. Know the anatomy of the arch, great vessels, and intracranial arteries.  

2. Know the collateral circulation of the extracranial and intracranial arteries.  

3. Understand the different etiologies of carotid artery disease.  

a. Atherosclerosis  

b. Fibromuscular dysplasia  

c. Traumatic occlusion  

d. Acute dissection  

e. Vasculitis 

4. Discuss the mechanism of cerebral events in terms of occlusion and/or embolism vs. cerebral 
hypoperfusion.  

II . Diagnosis 

1. Understand difference between hemispheric, non-hemispheric, and non-specific symptoms.  

2. Differentiate among transient ischemic attack (TIA) and stroke/cerebrovascular accident (CVA).  

3. Realize the pros and cons of carotid duplex examination  

4. Be aware of alternative imaging modalities (MRA, CTA, angiography) including the risk of 
cerebral angiography. 

III . Treatment  

1. Know the results of key trials of carotid endarterectomy (CEA) in asymptomatic (ACAS) and 
symptomatic patients (NASCET). 

2. Describe the relationship between the severity of carotid stenosis and decision to treat 
asymptomatic and symptomatic patients. 
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3. Describe the standard approach to carotid endarterectomy, including anesthetic techniques and 
monitoring, intraoperative shunting, patching, and methods of completion evaluation.  

4. Understand and manage the complications of CEA, including: neck hematoma, infection, post -
operative hyper- and hypotension, cranial nerve palsies, TIA and stroke, reperfusion injury with 
intracranial hemorrhage or post-operative seizure, and myocardial ischemia. 

5. Discuss the potential role of carotid angioplasty and stenting under cerebral protection.  

Pathophysiology. Stroke is the third most common cause of death in the United States each year.  
Extracranial carotid artery stenosis accounts for an estimated 10%-25% of strokes in the US, 
depending on the population studied. Carotid stenosis is due to atherosclerotic disease of the carotid 
bifurcation in 90% of cases. The mechanism of cerebral ischemia from carotid stenosis is believed to 
be due to emboli originating from the carotid plaque. These emboli may consist of atheromatous 
debris, platelet aggregates, or thrombus. Other causes such as cerebral hypoperfusion from a flow-
limiting carotid lesion, while possible, are less common given the brain’s capacity to autoregulate. 
 
Diagnosis. The condition of patients with carotid stenosis is classified by the presence or absence of 
symptoms and degree of stenosis. Typical presentation of carotid distribution cerebral ischemia 
results in lateralizing, anterior circulation symptoms which include: 

1. ipsilateral monocular blindness (amaurosis fugax) 
2. contralateral motor weakness 
3. contralateral paresthesias 
4. speech abnormality (aphasia) 

 
Nonlateralizing ischemic attacks, such as dizziness, vertigo, ataxia, or syncope, usually represent 
symptoms associated with brain stem or posterior circulation ischemia and are usually not due to 
carotid stenosis. 
 
Symptoms are categorized as a TIA if they completely resolve within 24 hours of onset or as a CVA if 
they persist beyond 24 hours.   
 
The degree of stenosis can be measured by one of several imaging modalities including ultrasound, 
CT or MR angiography, or cerebral arteriography. In our practice a technically good duplex performed 
by an accredited laboratory is sufficient to make decisions for intervention for most patients. Cerebral 
angiography carries up to 1% risk of stroke. 
 
Treatment of carotid stenosis. Management options range from maximizing medical therapy, to 
carotid artery angioplasty and stenting (CAS), to CEA. The first strategy is to stabilize or halt the 
progression of carotid stenosis through modification of risk factors such as hypertension, 
hypercholesterolemia, and smoking. Antiplatelet therapy has been proven to reduce the risk of stroke 
from carotid stenosis, while the benefit of oral anticoagulation has not been proven. 
 
Level 1 evidence exists to guide decision making for surgery. The benefit of CEA for symptomatic 
carotid stenosis was established by 3 randomized trials: North American Symptomatic Carotid 
Endarterectomy Trial (NASCET), European Carotid Surgery Trial (ECST) and the VA Cooperative 
Studies Program. The Asymptomatic Carotid Atherosclerosis Study (ACAS) showed the benefit of 
CEA in preventing ipsilateral CVA at 5 years for asymptomatic patient with >60% stenosis. The most 
recent Asymptomatic Carotid Surgery Trial (ACST) reported similar results but used a different 
endpoint of death and any stroke out to 5 years.  
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The relevant studies are summarized in Table 1. The number needed to treat (NNT) represents the 
number of CEAs that must be done to prevent 1 CVA and is a useful way of judging the potential 
benefit of CEA. 
 
 
Table 1. Risk of ipsilateral stroke with best medical therapy vs. CEA for symptomatic and 
asymptomatic carotid stenosis. * = statistically significant, NS= not statistically significant 
 

Study Medical Rx CEA NNT 
NASCET >70% 26 9* 6 
NASCET 50-69% 22 16* 15 
NASCET <50% 19 15 (NS) -- 
    
ECST >70% 17 10 (NS) 7-8 
VA #309 19 8 (NS) -- 
    
ACAS >60% 11 5* 17 
ACST >60% 12 6* -- 
 
 
Carotid Endarterectomy. Successful CEA requires knowledge of normal extracranial 
cerebrovascular anatomy: branches of external carotid, relationships between vascular and nervous 
structures, vagus, hypoglossal, internal jugular, transverse facial vein, omohyoid, 
sternocleidomastoid, and carotid sinus. Because adverse events are uncommon it is difficult to have 
a study that is sufficiently powered to prove superiority of one technique over another. Local/regional 
anesthesia, general anesthesia with non-selective shunting, or selective shunting with EEG 
monitoring are all reasonable options. A meta-analysis has suggested a benefit of CEA under local 
anesthesia. A body of literatures suggests that patch closure of the endarterectomy site results in 
lower 30-d stroke rates and recurrent stenosis. Traditional CEA and eversion endartectomy appear to 
be equally effective as shown by EVEREST (EVERsion carotid Endarterectomy versus Standard 
Trial). Cranial nerve injuries occur in 5%-10% of patients, with the majority being temporary. The 
benefit of a completion study such as intraoperative duplex or carotid angiography, while commonly 
practiced, has not been proven. 
 
Carotid stenting. Carotid artery angioplasty and stenting is an emerging treatment modality for 
selected patients with carotid stenosis.  At the time of this writing, a single clinical trial (SAPPHIRE) 
prompted the approval of CAS by the FDA. The Stenting and Angioplasty with Protection in Patients 
with High Risk for Endarterectomy (SAPPHIRE) trial reported the combined endpoint of major cardiac 
adverse events (MACE) which included death, stroke, or MI within 30 days and ipsilateral stroke or 
death within 1 year. The risk of MACE for CAS was 12%, vs. 20% for CEA. Cerebral protection 
devices (filters, balloon occlusion catheters) are recommended to reduce the incidence of embolic 
events during the procedure. Future pivotal, randomized studies such as Carotid Revascularization 
Endarterectomy versus Stent Trial (CREST) are expected to provide more data on the utility of CAS. 
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Abdominal Aortic Aneurysms 
___________________________________ 

By Andrew C Stanley, MD 
 
Learning Objectives  

1. Scope of Problem:  
1. To describe the role of aging and atherosclerosis in aortic enlargement.  
2. To describe the role of inflammation and proteases in aneurysm formation.  
3. To understand the incidence and prevalence of aneurysmal disease according to age.  
4. To understand the natural history of abdominal aortic aneurysms.  
5. To understand the genetic distribution of the disease.  

2. Anatomy and Physiology: 
1. To describe aortic architecture and functions.  
2. To describe hemodynamic changes at major bifurcation and Laplace's Law.  

3. Diagnosis: 
1. To understand the roles of the following in screening and in planning surgery: 
ultrasound, angiography, CT, and MRI/MRA.  

4. Treatment/Management: 
1. To understand the indications for surgical repair and the factors which contribute to surgical 
decision making.  
2. To understand the technical aspects of aortic aneurysm repair and surgical options and 
alternatives.  
3. To have knowledge of both the immediate and long-term outcomes of surgery for aortic 
aneurysmal disease (including symptomatic, asymptomatic, thoracoabdominal, juxtarenal, 
infrarenal, and recurrent).  
4. To describe the management and prevention of surgical complications, including spinal cord 
ischemia, distal embolization, myocardial infarction, graft infection.  

 
Pathophysiology: 
Aortic aneurysms are a widening of the normal blood vessel. Aneurysms can be “true” or “false”. 
False aneurysms are the result of arterial trauma or suture line breakdown and do not involve all 
layers of the arterial wall. True aneurysms involve all layers of the artery. By definition an aneurysm is 
the expansion of the vessel diameter to >50% of the artery’s normal size. The pathophysiology of true 
aneurysms is still under investigation but is multifactorial; the following are possible causes: 
 

1. Genetic influences 
 -Syndromes with aneurysms include 
  -Turner 
  - Marfan  
  -Ehlers-Danlos  
 -Familial clustering 
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-Patients with AAA have 25% chance of having 1st degree relative with AAA (general 
population 2%-3%) 

2. Smoking-associated degeneration 
3. Infection/inflammation 
  -Observational studies noting reduced elastin content. 
  -Syphilis 

- Bacterial  
 
Scope of Problem: 
AAA are much more common in males than females (2- to 6-fold difference). Once discovered, small 
AAAs have an average rate of growth of about 0.5 cm/year. The rupture risk of small aneurysms 
(<5.0 cm) is about 1% per year. The rupture risk of large aneurysms is higher: 6.5% per year for 
aneurysms that are 5.0 to 5.9 cm, and 10% per year for aneurysms that are 6.0 to 6.5 cm. Currently, 
the best way to evaluate the risk of rupture is by size. However, shape, location, and relationship to 
normal aortic size are thought to also play a role.  
 
Diagnosis 
Most patients present with asymptomatic AAA. If symptomatic, these AAA can cause back, 
abdominal, or groin pain. Abdominal pain with a large or enlarging aorta with no other source of 
abdominal pain should be attributed to acute expansion or impending rupture of the aneurysm. 
Rarely, inflammatory aneurysms can present with obstruction of the ureter or bowel. Asymptomatic 
aneurysms can be found incidentally on physical exam or incidentally on an imaging test.  
 
Imaging 
Screening - exclusively ultrasound 
Therapeutic planning - CT scan or occasionally arteriography 

Once identified, small aneurysms (<5.0 cm) usually followed with ultrasound 2x/yr. 
 
Risk Stratification 
Risk stratification involves physiologic evaluation of the heart, lungs, and renal function. Various 
strategies exist for coronary evaluation but in general some type of stress testing is indicated before 
elective repair. Assessment of high-risk patients involves both overall function (ejection fraction 
<40%) as well as potential for intra-operative ischemia (positive stress testing). 
 
Pulmonary function is often tested with spirometry. FEV1<1.0 or reduced to below 50% identifies a 
high-risk patient. Serum creatinine >2.0 is a risk factor for renal failure and a marker for increased 
mortality. 
 
Treatment 
Once a decision is made to repair an AAA, the options are either open or endovascular repair, 
depending on the aneurysm, and also the history of the patient, co-morbidities, and operative risk. 
You should be familiar with the following: 
 Open AAA: mortality, MI, renal failure, long-term graft complications. 
 Endovascular AAA Repair (EVAR): Mortality, renal failure, technical nuance,  
  endoleaks - type and treatment, long-term graft complications 
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Peripheral Arterial Aneurysm 
 

By Georg Steinthorsson, MD 
 
Learning Objectives: 
 
I. Scope of Problem: 
 

A. Arteriosclerotic femoral artery aneurysms (FAA) 
1. Demographics:   

a. more common in men; average age at diagnosis is 70 years 
b. Generally found in pts with diffuse aneurysmal disease of the abdominal 

aorta and the femoral and popliteal arteries 
c. 3% of patients with AAA have femoral aneurysm 

 
2. Complications: 

a. acute thrombosis (approximately 30% of cases present as surgical 
emergencies) 

b. chronic thrombosis 
c. no obvious correlation between size of aneurysm and likelihood of 

complication 
d. elective surgical repair is warranted for most cases 
e. Femoral aneurysm though less than 2 cm in size can be followed with 

serial ultrasounds 
 

B.  Popliteal Artery Aneurysms (PAA) 
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1. Demographics:   
a. most common peripheral arterial aneurysm 
b. occurs almost exclusively in men, 60 – 70 years old 
 

2. Complications: 
a. thrombosis of the aneurysm or embolization from it to the distal tibial 

vessels threatens limb survival 
b. In over 50% of patients with PAAs, either acute or chronic ischemia will be the primary 

threat to the involved limb 
 

3. Presenting symptoms: 
a. painful mass behind the knee 
b. occlusion of the popliteal vein   
c. compression of the posterior tibial nerve. 
 

II. Anatomy and Physiology: 
 

Distribution of FAA:  
60% in the aorto-iliac segment  
37% popliteal aneurysm  

50% bilateral  
III. Diagnosis: 

 
A. Femoral Artery Aneurysms 

1. palpation of abdominal aorta and popliteal arteries for associated AAA or 
popliteal artery aneurysm 

2. Ultrasound of the abdominal aorta and the popliteal space to substantiate 
physical findings 

3. arteriogram of the involved femoral artery and distal runoff to delineate 
involvement of the profunda femoris and superficial femoral arteries 

 
B. Popliteal Artery Aneurysms  

1. examine for other aneurysms, especially in the aortoiliac location 
2. Preoperative angiography, CTA, or MRA should show not only the 

location of the PAA but also delineate the below-the-knee runoff 
3. The presence of a patent distal popliteal artery or an adequate posterior 

or anterior tibial artery is the most important determinant of successful 
repair for PAAs 
 

 
IV. Treatment/Management: 

 
A. Femoral Artery Aneurysms 
 

Three factors govern the choice of operation for common FAAs: 
location of the origin of the profunda femoris artery  

 patency of the superficial femoral artery 
 patency of the aneurysm itself 

 
1. Type 1: FAAs in which the profunda femoris orifice is distal to the aneurysm and all 



 

 

17

17

vessels are patent, the simplest and most successful repair is a vein or synthetic graft 
interposition for the resected aneurysm. 

 
2. Type 2: FAAs in which the profunda femoris arises from the aneurysmal sac. It is 

extremely   important to maintain patency of the profunda femoris when such aneurysms 
are repaired. In most instances, such aneurysms are resected and an interposition graft is 
carried out to the superficial femoral artery. A small side-arm graft then is constructed to 
the profunda femoris artery. 

 
3. When the superficial femoral artery is chronically occluded, it is ligated and an end-to-end 

anastomosis of the graft to the profunda femoris artery is performed. 
 

Postoperative follow-up. After FAA repair, patients must have follow-up at least yearly. 
Duplex ultrasound is an ideal method to monitor grafts and to discover other 
aneurysms. Newly discovered aneurysms of the abdominal aorta or popliteal arteries 
should be corrected as indicated. 

 
B. Popliteal Artery Aneurysms 
 

All symptomatic popliteal aneurysms should be treated. All asymptomatic aneurysms greater 
than 2 cm should be treated. There should be consideration of treatment if the aneurysm is 
smaller but has mural thrombus, since revascularization at the time of severe ischemia is 
associated with high incidence of limb loss (35% needed primary amputation and another 
15% needed secondary amputation after graft failure with mortality of 5.4%). Graft patency is  
80%-90% after elective repair, but significantly worse if done for severe ischemia (40%-70%). 

 
1. PAA < 3 cm 

preferred surgical treatment for a smaller (3 cm) PAA is proximal and distal ligation of the 
aneurysm combined with a reverse saphenous vein bypass. The aneurysm is exposed 
through a medial knee incision. When possible, the aneurysm should not be resected, 
since this dissection can injure the popliteal vein.  

 
2. PAA >3 cm 

Larger aneurysms should be opened, the thrombus removed, and a portion of the sac 
resected to prevent compressive symptoms from the mass effect of the aneurysm. 
Posterior approach can be helpful for large aneurysm. 

 
When thromboembolism has acutely occluded the infra popliteal outflow, 2 methods 
may help reestablish distal flow. One is regional thrombolytic therapy, used preopera-
tively, or in smaller regional doses intra-operatively. The second is retrieval of the 
thrombus by a Fogarty thromboembolectomy catheter. 
 
Endoluminal management of popliteal aneurysm is still under investigation but early 
results are promising and should be at least considered in patients who are surgically 
high-risk. 
 

 
 Postoperative follow-up. Patients surgically treated for PAAs should be reevaluated at least 
yearly. Ultrasound is the ideal test to monitor any popliteal graft and to check for associated 
aneurysms of the aortic, femoral, and opposite popliteal artery. 
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Lower Extremity Arterial Occlusive Disease 
___________________________________ 

By Julie E Adams, MD 
 
Learning Objectives  
 
Scope of Problem: 

1. Assess vascular system by appropriate skills in history taking and physical examination. 
a. History 

i. Pain: Characterize by pattern of presentation, severity, location, frequency, 
duration, precipitating factors, ameliorating factors ---should help determine 
acuity and severity of lower extremity ischemia 

ii. Ulcer formation: Characterize onset, associated trauma, history of previous 
ulcers, associated pain/drainage/odor, presence of diabetes. 

iii. Vascular risk factors: diabetes, hypertension, hyperlipidemia, h/o peripheral or 
coronary artery disease 

b. Physical Examination of Extremities 
i. Appearance of limbs: note color (pale, violaceous, red), temperature, 

presence of edema, hair pattern, location of ulcers or calluses, if any; 
neurologic exam, prior incisions 
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ii. Palpation of pulses: femoral, popliteal, posterior tibial, and dorsalis pedis; if 
absent pulses  presence of Doppler signals and the ankle-brachial index 
should be recorded.   

 
2. Explain the concept of critical arterial stenosis. 

This is defined as the degree of stenosis required to produce a measurable drop in blood 
flow or a pressure gradient across the stenosis.  This is not seen until 75% of the cross-
sectional area of the artery is blocked.  This area change is associated with a 50% 
stenosis.  Because energy losses across a gradient are related inversely to the 4th power of 
the radius, significant decreases in blood flow and pressure occur after this critical radius 
has been reached.  

 
3. Understand the natural history of lower extremity claudication. 

a. Rates of major and minor amputations performed less than 10% over 10 years.   
Revascularizations less than 20% at 10 years, and most for ongoing claudication.   

b. Only 10% of lower extremity revascularizations are performed for claudication.  The 
remaining 90% are done for limb salvage (rest pain, ulcer, gangrene).  

c. Of 100 claudicants who stop smoking and participate in an exercise program, how 
many will  

- Stay the same or get better? 
- Get worse? 
- Require amputation? 

 
4. Describe the hemodynamics and pathophysiology of claudication. 

a. What arterial lesions could cause calf claudication alone, calf and thigh claudication, 
and calf, thigh, hip/buttock claudication? 

Claudication occurs when blood flow to a muscle group is unable to meet 
metabolic requirements at a given level of exercise.  The pain is reproducible 
with a given level of activity, and is relieved by cessation of the activity.   
 

5. Know the principles of care for both chronically and acutely ischemic limbs. 
a. Chronic limb ischemia 

i. Evaluate degree of ischemia with history and physical, e.g., intermittent 
claudication v. rest pain; presence of ulceration or gangrene. 

ii. If limb-threatening ischemia (rest pain, ulceration, or gangrene), angiography 
for evaluation of arterial anatomy. 

iii. Vein mapping for surgical bypass options. 
iv. Cardiac risk stratification. 
v. Intervention  either endovascular or open surgical depending on all of 

above factors.   
b. Acute limb ischemia 

i. Immediate systemic anticoagulation with heparin (goal decrease risk of 
thrombus propagation, or if embolic, of another embolism) 

ii. Evaluate severity of acute ischemia (based on history and physical exam)  
this guides urgency of revascularization. 

iii. Urgent treatment to restore perfusion and salvage limb –either angiography 
with possible thrombolytic therapy or open surgical revascularization. 
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Anatomy and Physiology: 
Describe arterial anatomy of lower extremity. 

a. Femoral arteries 
i. Superficial femoral artery 
ii. Profunda (deep) femoral artery 

b. Popliteal artery 
c. Infrapopliteal arteries 

iii. Anterior tibial artery 
iv. Posterior tibial artery 
v. Peroneal artery 

 
 
Diagnosis: 

1. Discuss the role of angiography. 
a. Used as a diagnostic tool when intervention is indicated or planned. 
b. Can be performed urgently in the operating room in conjunction with 

revascularization or electively/semi-electively in angio suite for preoperative 
planning. 

c. See section on imaging. 
2. Outline the manifestation of the failing peripheral vascular graft. 

a. Definition: hemodynamic deterioration within an arterial reconstruction secondary to 
intimal hyperplasia, progression of proximal or distal disease, or lesions within the 
graft.  If not corrected, graft will likely go on to thrombose. 

b. Diagnosis of failing graft: recurrence of symptoms, change in peripheral pulse exam, 
evidence of peripheral ischemia, surveillance imaging. 

c. Findings on graft duplex/PVR: Shift in velocity within graft or at an anastomosis; drop 
in ABI. 

 
3. Outline the diagnosis of prosthetic graft infections in the lower extremity. 

a. Presentation: mild cellulitis, sinus tract, anastomotic pseudoaneurysm, frank 
hemorrhage.  Infected grafts in the abdomen may present with fever/malaise.  

b. Imaging: CT scan – useful for identifying perigraft fluid, gas, inflammation, abscess 
formation, or pseudoaneurysm; US also useful in extremity grafts; angiography may 
be necessary for planning operative repair. 

 
4. Describe signs of limb-threatening acute lower extremity ischemia—the “5 Ps” 

a. Paresthesia  
b. Pain – usually acute onset; can be acute on chronic 
c. Pallor 
d. Pulselessness 
e. Paralysis 
f. Poikilothermia (bonus P) 
 

5. Know the Rutherford Criteria for acute limb-threatening ischemia. 
a. Class 1: the limb is viable and remains so even without therapeutic intervention. 
b. Class 2A: the limb is threatened and requires revascularization, but not immediately. 
c. Class 2B: the limb is severely threatened and requires urgent revascularization for 

salvage. 
d. Class 3: the limb is irreversibly ischemic; salvage is not possible. 
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Treatment/Modification: 

1. What does “risk factor modification” mean in regard to peripheral vascular disease and why 
is it important? 

a. Antiplatelet therapy, smoking cessation, exercise rehabilitation, control of 
hyperlipidemia (statins), control of diabetes mellitus, treatment of hypertension, 
treatment of elevated homocysteine. 

b. Risk factor modification can not only improve outcomes with regard to peripheral 
arterial disease but plays an important role in reducing cardiac morbidity, a major 
cause of death in patients with PAD.   

- the 5-, 10-, and 15-year mortality rates for patients with intermittent 
claudication are approximately 30%, 50%, and 70%, respectively.  Most deaths 
are due to CAD, which is nearly universal.  

 
2. Outline pharmacologic interventions available for patients with lower extremity vascular 

disease. 
a. Antiplatelet therapy 

i. Aspirin – irreversibly blocks thromboxane A2, leading to decreased platelet 
aggregation; has been shown to decrease  the incidence of peripheral arterial 
surgery in men 

ii. Clopidogrel (Plavix) – blocks adherence of fibrinogen to platelets;  CAPRIE 
study found that compared to aspirin, in patients with PAD, clopidogrel was 
more effective in reducing risk of ischemic stroke, MI, and  vascular death. 

b. Pentoxifylline (Trental) – rheologic agent, increases RBC flexibility and decreases 
viscosity;  early reports found it to increase walking distance in claudicants, but most 
recent data has found it ineffective over placebo.  No longer widely used. 

c. Cilostazol (Pletal) – inhibits phosphodiesterase type 3, increasing cAMP and 
resulting in vasodilation and antiplatelet effects; approved for claudication in 1999.  
Studies have shown and increase of 50% in maximal walking distance compared 
with placebo.  Contraindicated in patients with CHF. 

d. Prostaglandins – relax vascular smooth muscle and inhibit platelet aggregation; 
Mixed results with oral agents, though recent randomized trial revealed no reduction 
in rates of amputation, rest pain, or gangrene.   

e. Statins – 3 trials have found beneficial results for claudicants with atorvastatin and 
simvastatin; increased pain-free walking time demonstrated; mechanism? possibly 
changes in metabolism and/or endothelial function 

 
3. Outline the indications for operation/intervention for claudication. 

a. Lifestyle is significantly impaired or patient’s livelihood is jeopardized. 
b. Patient should have had a trial of risk factor modification, smoking cessation 

included.   
c. If disease is proximal (iliac), treatment may involve iliac angioplasty and/or stenting, 

and a more modest degree of claudication may be found acceptable for treatment.   
 

4. Outline the treatment of prosthetic graft infections in the lower extremity. 
a. COMPLETE graft removal is the surgical tenet, though some data shows that 

leaving incorporated graft with use of long-term antibiotics and good tissue coverage 
may be safe; only true with less virulent organisms (Staph epi).  Extraanatomic 
bypass or reconstruction with autogenous tissue necessary.   
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5. Explain the treatment options for the failing peripheral vascular graft. 

a. Thrombolysis with revision 
b. Surgical thrombectomy with revision  

i. For early graft failures (less than 30 days), return to OR              
ii. should occur with attention to distal anastomosis—thrombectomy and 

evaluation of distal disease. 
ii.  For late graft failures (more than 30 days), full repeat arteriography is 
indicated.   

  c.  Secondary reconstruction 
- factors influencing which type of secondary bypass to use include type of 
primary bypass (native or PTFE), location and extent of initial lesion, distal 
arterial anatomy, location of primary bypass, level and severity of 
ischemia.  

  d.  No intervention 
6. Review the management workup for lower extremity arterial occlusion. 

a. Patient selection – only about 10% of bypasses are for claudication; Discuss use of 
noninvasive testing for evaluation of severity.  Know alternative causes of 
claudication (e.g., popliteal entrapment, spinal stenosis, popliteal cysts, etc). 

b. Imaging – arteriography gold standard for lower extremity arterial evaluation. 
c. Endovascular treatment – understand role for angioplasty/stenting in management of 

iliac and femoropopliteal disease. 
d. Planning for open surgery – be familiar with indications and techniques for 

aortofemoral bypass, common femoral endarterectomy, profundaplasty, and 
femoropopliteal and distal bypasses.  

e. Review patency rates with use of autogenous and prosthetic grafts in different 
anastomotic locations.   

 
 

7. Describe the TASC classification for iliac and femoropopliteal disease and its impact on 
treatment strategy. See below: 

 
 
Morphological stratification of iliac lesions 
TASC Type A iliac lesions 

 Single stenosis < 3 cm of the CIA or EIA (unilateral/bilateral) 
TASC Type B iliac lesions: 
 Single stenosis 3-10 cm in length, not extending into the CFA 
 Total of two stenosis < 5 cm long in the CIA and/or EIA and not extending into the CFA 
 Unilateral CIA occlusion 
TASC Type C iliac lesions: 
 Bilateral 5-10 cm long stenosis of the CIA and/or EIA, not extending into the CFA 
 Unilateral EIA occlusion not extending into the CFA 
 Unilateral EIA stenosis extending into the CFA 
 Bilateral CIA occlusion  
TASC Type D iliac lesions: 
 Diffuse, multiple unilateral stenosis involving the CIA, EIA, and CFA (usually >10 cm) 
 Unilateral occlusion involving both the CIA and EIA 
 Bilateral EIA occlusions 
 Diffuse disease involving the aorta and both iliac arteries 



 

 

23

23

Iliac stenosis in a patient with an abdominal aortic aneurysm or other lesion requiring 
aortic or iliac surgery 
 

Recommendation for treatment of iliac lesions: 
 TASC type A iliac lesions: Endovascular procedure is the treatment of choice 

TASC type B and C iliac lesions: Endovascular treatment is currently more commonly used, 
but scientific evidence of any superiority over vascular surgery is lacking. 
TASC type D iliac lesions: Surgery is the procedure of choice. 

 
 

Morphological stratification of femoropopliteal lesions: 
TASC Type A femoropopliteal lesions: 
 Single stenosis < 3 cm of the SFA  
TASC Type B femoropopliteal lesions: 
Single stenosis 3-10 cm in length, not involving the distal popliteal artery (some advocate for 
an occlusion of this length as well) 
 Heavily calcified stenosis up to 3 cm in length 
 Multiple lesions, each less than 3 cm (stenosis or occlusions) 
Single or multiple lesions in the absence of continuous tibial runoff to improve inflow for distal 
surgical bypass 
TASC Type C femoropopliteal lesions: 
 Single stenosis or occlusion longer than 5 cm (some advocate for change to >10 cm) 
 Multiple stenosis or occlusions, each 3-5 cm, with or without heavy calcification 
TASC Type D femoropopliteal lesions: 
Complete common femoral artery or superficial femoral artery occlusions or complete popliteal 
and proximal trifurcation occlusions 
 
Recommendation for treatment of femoropopliteal lesions 
Treatment for TASC Type A femoropopliteal lesions: Endovascular procedure is treatment of 
choice. 
Treatment for TASC Type B femoropopliteal lesions: Endovascular treatment is more 
commonly used, but more evidence is needed to make firm recommendations. 
Treatment for TASC Type C femoropopliteal lesions: Endovascular treatment is more 
commonly used, although scientific evidence of any superiority over vascular surgery is 
lacking. 
Treatment for TASC Type D femoropopliteal lesions: Surgery is treatment of choice. 
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Leg Ulcers 

______________________________________ 
By Andrew Stanley, MD 

 
 

Etiologic Classification of Foot and Leg Ulcers 
 
Venous obstruction and insufficiency 
 
Arterial etiologies 
 Larger arteries 
 Atherosclerotic lower extremity PAD 
 Thromboemboli, atheroemboli 
 Thromboangiitis obliterans 
 Microcirculatory 
 Diabetic microangiopathy 
 Vasculitis 
 
Collagen vascular diseases 
 
Neuropathic 
 Diabetes mellitus 
 
Infectious 
 Leprosy 
 Mycotic 
 
Hematologic 
 Sickle cell anemia 
 Polycythemia 
 Leukemia 
 Thalassemia 
 Thrombocytosis 
 
Malignancy 
 Squamous cell carcinoma 
 Kaposi’s sarcoma 
 Secondary metastases 
 Lymphosarcoma, mycosis fungoides 
 
Miscellaneous 
 Gout 
 Pyoderma gangrenosum 
 Necrobiosis lipoidica 
 Vitamin B12 deficiency 
 Drugs 
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The above list represents a comprehensive list of the possible etiologies for leg ulcers. In the general 
vascular practice it is important to be aware of ALL of the potential etiologies of leg ulcers but by far, 
the most common etiologies for chronic leg ulcers seen in a vascular practice include: 
 

1. Ulcers related to arterial insufficiency 
2. Ulcers related to venous insufficiency 
3. Ulcers related to neuropathy (diabetic foot) 

 
 
At this point differentiation between chronic and acute leg ulcers must be made. A widely accepted 
definition of a “chronic “ leg ulcer is one that has existed for 3 weeks.  
 

It is important to determine the causative factors behind the ulcer so that appropriate 
therapeutic action can be taken to reverse or correct the physiology that contributed to the ulcerative 
process. Information can be obtained from a good history, physical exam and non-invasive testing.  

 
  

Arterial  Venous  Neurotrophic 
Ulcer Location Toes/Heel  “gaiter” of  Pressure points 
      Leg   -1st M-T joint 
      (ankle to  -Lat part of foot 
      knee NOT FOOT) 
  
Pain   Yes, esp  Mild, relieve  Painless (neuro- 
   When elevated by elevation  trophic) 
 
PE   No palp  Normal pulses, Normal pulses 
   Pulse ABI<0.4 swollen leg  Ulcer over “press- 
      Normal foot  ure point”. Good     
   No bleeding            bleeding tissue bleeding tissue 
 
 
 As above, arterial ulcers are located on the toes/heel of the foot and are typically painful. They 
may be accompanied by dependent rubor. The pain is exacerbated by foot/ulcer elevation. On exam, 
pulses are not palpable and typically, ABI<0.4.  Treatment revolves around revascularizing the limb 
and local wound care (control infection, debride necrotic tissue). Good healing results can be 
expected in well-vascularized limbs where the ischemic process was identified and treated in a timely 
fashion.  
  
 Venous ulcers are typically located above the ankle and below the knee on the medial aspect 
of the leg (gaiter portion of the leg). Venous ulcers are not often painful, when pain is part of the 
clinical picture it is often a dull ache relieved by leg elevation. Hyperpigmentation and 
llipodermatosclerosis are skin changes associated with chronic venous insufficiency and often 
precede frank ulceration. Often the foot is spared of all skin changes and swelling. The leg itself is 
often swollen and weeping fluid. Arterial exam is normal with palpable pulses though swelling often 
makes pulses difficult to feel. Mainstay of ulcer care here is external compression (Unna’s boot, 
graded compression stockings). Typical venous ulcers take months to heal (70% of venous ulcers will 
heal after 3 months of compression therapy) 
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 Neurotrophic ulcers occur most often in diabetic patients. These ulcers are painless and 
most frequently affect the pressure-bearing plantar aspect of the foot. Common locations include the 
tissue covering the 1st metatarsal head and the tissue lateral to the 5th metatarsal head. These 
patients have normal vascular exams with palpable pulses. Care for these ulcers involves relieving 
sources of pressure (diabetic orthotics, metatarsal head resection) as well as routine ulcer care 
(controlling infection, local wound care). Constant surveillance of neurotrophic ulcers is necessary 
until healing. Clinical conditions to watch for include osteomyelitis and deep space infections. 
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Renovascular Hypertension 
___________________________________ 

By Julie E Adams, MD 
 
Learning Objectives  
Scope of Problem: 

1. Understand which patients might be evaluated for renovascular disease. 
a. Patients with previously controlled mild hypertension who develop progressive 

difficulty in control of BP or progressive deterioration in renal function. 
b. Childhood or adolescent hypertension 
c. Sudden onset of diastolic blood pressure >115 mm Hg in women < 45 years of age. 
d. Hypertension refractory to medical management, especially if diastolic >105. 
e. Hypertension treated with ACE inhibitors with resultant decline in renal function. 
f. Abdominal bruit 
g. Hypertensive retinal arteriopathy 
h. Flash pulmonary edema  
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2. Describe the natural history of renal artery stenosis. 
a. About 50% of renal arteries with stenosis will develop worsening stenosis over 5 

years. 
b. About 10% will become totally occluded.  
c. Renal atrophy will develop in 20% of patients with stenoses greater than 60%.   

3. Describe characteristics of pediatric renovascular disease. 
a. Renovascular hypertension is the 2nd most common cause of correctable 

hypertension in children (2nd to coarctation). 
b. Hypertension in children is defined as BP > 95th percentile for age 
c. 3-10% of children referred for evaluation of hypertension will be found to have 

significant renovascular lesions 
d. Causes include FMD, midaortic syndrome, Takayasu’s arteritis, neurofibromatosis, 

Marfan, Klippel-Trenaunay-Weber, Kawasaki disease and Crohn’s disease.  
e. Bilateral disease more common than unilateral disease. 
f. Renal arteriography is the gold standard for diagnosis, though US, CT, MR, captopril 

tests all play an initial role in selecting which patients should have further invasive 
workup.  

g. Renal vein renin assays are an important component of angiography – ratios of 
>1.5:1 b/w affected and nonaffected side are significant (not useful for bilateral 
disease). 

h. For renal artery lesions, PTA, stenting, and surgical revascularization are all 
potential treatments. 

 
 
Anatomy and Physiology: 
 

1. Describe the hemodynamics and pathophysiology of renovascular hypertension. 
a. Blood pressure elevation is a result of renal hypoperfusion.  This stimulates 

activation of the renin-angiotensin system.  Renin release results in increased 
angiotensin II levels and direct vasoconstriction.  

b. Angiotensin II also causes volume expansion through sodium retention (via 
aldosterone).  If only one kidney is affected, the contralateral kidney will partially 
counteract this volume expansion effect through pressure-induced natriuresis.  If the 
contralateral kidney is absent or also affect by renal artery stenosis, the 
hypertension will be more severe (vasoconstriction + volume expansion).  

 
2. Describe the 2 types of lesions most often responsible for renovascular hypertension, 

atherosclerotic disease and fibromuscular dysplasia. 
a. Atherosclerosis—responsible for 90%; usually ostial and proximal lesions. 
b. Fibromuscular Dysplasia—responsible for 10%, primarily women; frequently involves 

distal 2/3 of artery; most common type is medial fibrodysplasia (85%); often occurs 
as a “string-of-beads” series of stenoses; bilateral in 60-70%. 

 
Diagnosis: 

1. Describe screening tests for renovascular hypertension. 
a. Duplex (most reliable) 
b. captopril-perfusion tests,  
c. renal vein renin assays,  
d. split renal function tests, and  
e. angiography.   
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Treatment/Management: 
 

1. Describe the management of renovascular hypertension. 
a. Medical therapy 

i. 3 randomized trials comparing medical therapy with angioplasty (not stenting) 
found only minimal differences in control of blood pressure between the 
groups; exception is patients with bilateral disease.  Overall number of meds 
decreased with PTA.  

ii. Patients who have acute decline in renal function after treatment with ACE 
inhibitor are a subset who benefit from intervention.  

 
b. Interventional or surgical therapy 

iii. Randomized trial comparing angioplasty alone with angioplasty and stenting 
found significantly improved primary success and primary patency for stented 
arteries with lower incidence of restenosis.   

iv. Surgical options include aortorenal bypass, renal artery 
thromboendarterectomy, renal artery reimplantation, splanchnorenal bypass, 
and ex vivo reconstruction. 

 
 

2. Describe which patients are most likely to benefit from angioplasty and stenting for renal 
artery stenosis.   

c. Progressive renal failure of short duration (<6 months) 
d. Pulmonary edema and refractory CHF 
e. Severe renal failure precipitated by ACE inhibitors 
f. Refractory hypertension 
g. Severe renal artery stenosis (>80%) 
h. Renal length must not be < 8 cm 
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Mesenteric occlusive disease 
___________________________ 

 
By Georg Steinthorsson, MD 
Learning Objectives 
I. Anatomy and Pathophysiology  
1. Define normal arterial and venous anatomy of the mesenteric circulation and be familiar with 
common variations.  
2. Recognize the physiologic and pathophysiologic collateral circulation to the gastrointestinal tract 
that may develop in response to occlusive disease of the main mesenteric vessels.  
3. Understand the high flow, low resistance physiology of normal mesenteric blood flow, recognize 
the neural, humoral (hormonal) and enteric (intraluminal ) mechanisms of autoregulation, and 
understand the high degree of vasoreactivity of this arterial bed.  
4. Understand the multiple etiologies of acute mesenteric ischemia including embolism, thrombosis, 
dissection, venous occlusion, trauma, and gut ischemia following aortic reconstruction  
5. Understand the multiple possible etiologies of syndromes of chronic mesenteric ischemia including 
atherosclerosis, aneurysm, extrinsic compression syndromes, and other nonatherosclerotic 
arteriopathies.  
6. Understand the clinical correllation of multiple visceral vessel involvement with the development of 
symptoms of chronic intestinal ischemia based upon an understanding of the compensatory collateral 
perfusion of the gut.  
II . Diagnostic Evaluation  
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Acute Mesenteric Ischemia  
1. Identify the characteristic initial signs and symptoms; and distinguish from other causes of the 
acute abdomen.  
2. Define predisposing clinical conditions: e.g., atrial fibrillation, previous myocardial infarction 
(mesenteric embolism), severe cardiopulmonary dysfunction (non-occlusive ischemia), history of 
post- prandial pain and weight loss, known aortic dissection (mesenteric thrombosis), hypercoaguable 
states (mesenteric venous thrombosis).  
3. Diagnostic testing: 

a) initial serologic testing 
b) mesenteric arteriography (or other forms of visceral arterial imaging):  

1) when indicated in patients with suspected acute mesenteric ischemia and understand 
the technical aspects of the conduct of arteriography necessary to make an accurate 
diagnosis.  

2) define findings diagnostic of mesenteric thrombosis, mesenteric embolism, and non-
occlusive mesenteric ischemia. 

c) appropriate diagnostic evaluation for suspected intestinal ischemia following aortic surgery 
d) CT and MRI as alternative diagnostic imaging in the diagnosis of acute mesenteric venous 

thrombosis. 
  
Chronic Mesenteric Ischemia  
1. Identify characteristic signs, symptoms, and predisposing conditions  
2. Diagnostic testing: 

a) standard GI diagnostic testing (e.g.,endoscopy, contrast studies, CT) 
b) porto-mesenteric duplex ultrasound scanning for elective noninvasive evaluation of the 

major visceral vessels.  
c) arteriography (or alternative vascular imaging studies). To recognize the characteristic 

arteriographic findings in atypical causes of mesenteric arterial compromise including 
extrinsic compression and nonatherosclerotic visceral arterial disease.  

III . Treatment  
Acute Mesenteric Ischemia  
1. Surgery: 

a) To be familiar with techniques for surgical exposure of the main mesenteric vessels 
b)  To understand standard surgical options for revascularization  
c)  to understand surgical options for the manage intestinal necrosis 
d) understand the relative usefulness of intraoperative techniques to assess intestinal viability 
e) recognize relationship of different anatomic patterns of gut infarction to the different causes 

of acute mesenteric ischemia when intestinal infarction is encountered unexpectedly at the 
time of laparotomy.  

2. Interventional non-surgical treatments  
3. Prognosis: 
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a) Impact of relationship between the extent of viable bowel (before and/or after successful 
revascularization) and the extent of resection of nonviable intestine  

b) pathophysiologic effects of intestinal reperfusion 
c) role of early empiric re-exploration following surgical treatment 

  
Chronic Mesenteric Ischemia  
1. Surgery: 

a) To be familiar with all standard surgical techniques for direct, elective visceral 
revascularization and understand the importance of comprehensive revascularization in the 
surgical treatment of chronic intestinal ischemia.  

b) surgical alternatives for atypical or non-atherosclerotic visceral arterial occlusive lesions.  
2. Percutaneous treatment. To understand the possible application of interventional, nonsurgical 

treatments for chronic visceral arterial occlusive lesions.  

3. Follow-up: To understand the usefulness of noninvasive vascular testing after visceral 
revascularization procedures. 

  
Mesenteric Artery Anatomy 
 
Three major mesenteric arteries supply blood to specific territories, communicating by collateral 
channels. These collateral channels enlarge when a proximal mesenteric artery is stenotic or 
occluded. The primary collateral pathways between the celiac and superior mesenteric arteries are 
through the gastroduodenal artery to the pancreaticoduodenal arteries that connect with the superior 
mesenteric artery. The inferior mesenteric artery has 2 main sources of collateral flow when it is 
obstructed. The middle colic branch of the superior mesenteric artery connects around the 
transverse colon to the marginal artery of Drummond, a continuation of the left colic branch of the 
inferior mesenteric artery.  
 
The inferior mesenteric artery also receives collateral flow through the middle hemorrhoidal artery, a 
branch of the internal iliac artery. These abundant collateral channels for mesenteric circulation 
explain the clinical observation that intestinal angina usually does not occur until at least 2 of the 3 
main mesenteric arteries have severe occlusive disease. 
 
Clinical Presentation 
 
Intestinal ischemia is classified as either chronic or acute. However, the presentations may overlap, 
since chronic intestinal stenosis can progress to acute thrombosis and intestinal infarction. 
 
Chronic intestinal ischemia often eludes early diagnosis  because the chronic abdominal pain is 
attributed to some more common gastrointestinal (GI) disorder. Frequently, the patient has 
undergone a negative diagnostic evaluation of the gallbladder, liver, and entire GI tract. Because of 
progressive weight loss, some patients are mistakenly thought to have cancer. Certain clinical 
features, however, should raise suspicion of chronic intestinal ischemia. Classically, the chronic 
abdominal pain is intermittent and postprandial. It usually is localized to the epigastrium and is a dull 
ache or colic that begins 30-60 minutes  after eating and may persist for a few hours. Patients may 
have associated abdominal bloating or diarrhea. Involuntary weight loss eventually occurs because 
the patient associates eating with pain. Consequently, a "food fear" develops. Oral intake often is 
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modified until liquids become the primary nutrient. 
 
Physical findings of chronic intestinal ischemia are limited primarily to weight loss and an abdominal 
bruit. Since the weight loss usually is insidious over several months and many patients with 
atherosclerosis have abdominal bruits, the significance of these nonspecific findings often is 
overlooked when the patient initially presents. 
 
Chronic intestinal ischemia should be suspected in any adult who has chronic abdominal pain, 
progressive weight loss, other signs of generalized cardiovascular disease, and a negative work-up 
for more common GI disorders. 
 
Acute intestinal ischemia has 3 main etiologies: thrombosis of an arterial stenosis, embolism, and 
nonocclusive small vessel insufficiency.  
 
Although the initial symptom for all these etiologies is abdominal pain, the clinical setting often 
suggests the most likely underlying cause. Incidence may vary among medical centers, but generally 
acute intestinal ischemia is caused by thrombosis in 40% of cases, embolism in another 40%, and 
intestinal hypoperfusion in 20% of cases. 
 
Severe generalized abdominal pain that is disproportionate to the physical findings remains the 
classic presentation of acute intestinal ischemia. Nausea, vomiting, or diarrhea may follow shortly 
after the onset of symptoms. Although the abdomen may have diffuse tenderness, bowel sounds may 
be heard and peritoneal signs usually are absent. The only early laboratory abnormality may be an 
elevated white blood cell count. When these findings are made, the clinician must suspect acute 
mesenteric ischemia and undertake steps to alleviate it. Aggressive radiologic and surgical 
intervention at this point can salvage about 50% of such patients. If intestinal ischemia remains 
unrecognized, physical findings will change as intestinal necrosis develops. Bloody diarrhea may 
occur, although often it is not present. Hypovolemia becomes evident as fluids are sequestered in the 
ischemic intestinal wall and surrounding tissues. Fever, peritoneal signs, and shock occur as sepsis 
becomes established. When intestinal ischemia has advanced to this point, the likelihood of salvaging 
the ischemic intestine and the critically ill patient is less than 15%-20%. 
 
The clinical setting and the patient's past medical history usually suggest the etiology of acute 
intestinal ischemia. If chronic intestinal angina preceded acute symptoms, mesenteric artery 
thrombosis is the most likely etiology. Emboli should be suspected when atrial fibrillation is present or 
if the patient has had previous cerebral or lower extremity thromboembolism. Nonocclusive, 
mesenteric ischemia occurs in the setting of low cardiac output. The most common predisposing 
conditions for nonocclusive, mesenteric ischemia are myocardial infarction, congestive heart failure, 
renal or hepatic disease, or any major operation that leads to hypovolemia or hypotension in a 
patient with atherosclerosis. This type of nonocclusive, acute mesenteric ischemia is being 
recognized more commonly. 
 
 
Diagnostic Tests 
 
Arteriography is the most reliable way to diagnose acute or chronic intestinal ischemia. Early 
angiographic diagnosis is the most important principle of successful management of acute intestinal 
ischemia. An arteriogram with lateral views of the aorta to show the mesenteric artery origins is the 
definitive method. The angiographic catheter also provides an important route for delivering 
vasodilating drugs and thrombolytic agents to the mesenteric circulation. 
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The evaluation of possible chronic mesenteric ischemia usually includes other diagnostic tests 
before angiography is done, such as barium studies of the upper and lower GI tract. Abdominal 
ultrasound and computed tomography (CT) scanning may also reveal hepatobiliary disease or 
occult tumors such as cancer of the pancreas or lymphoma of the retroperitoneum. Duplex 
scanning can scan mesenteric blood flow patterns, allowing noninvasive determination of stenosis 
and changes in flow before and after a test meal. The use of velocity wave form parameters that 
can discriminate between normal subjects and those with visceral artery stenosis should reduce 
both the incidence of missed diagnosis and unnecessary angiography. The extent of diagnostic 
work-up for patients presenting with chronic abdominal pain obviously must be individualized. 
 

 
Management 

 
Treatment of intestinal ischemia also can be organized into the 2 broad categories of chronic and 
acute ischemia. 

 
Chronic intestinal ischemia can be relieved only by correction of the occlusive lesions. There is no 
effective medical therapy. Surgical correction has been the most common technique. Although 
balloon angioplasty has been shown to be successful, it is associated with a higher incidence of 
recurrent symptoms. Operative management is preferable but endoluminal treatment should be 
considered if the patient is high surgical risk. 

 
Nutritional repletion is one aspect of preoperative preparation that deserves special emphasis. 
Since chronic intestinal ischemia leads to progressive weight loss, some patients are chronically 
malnourished and have no nutritional reserves for a major abdominal operation. We strongly 
recommend that such catabolic patients undergo a period of total parenteral nutrition before 
elective surgery. This nutritional repletion may prolong hospitalization but should enhance 
perioperative wound healing. 

 
There are 2 basic surgical options for mesenteric revascularization: bypass grafting or 
endarterectomy. Either supraceliac or infra-renal aortomesenteric bypass grafting is the procedure 
of choice for most patients. The optimum method of mesenteric revascularization, however, 
depends highly on the number of vessel occlusions and the condition of the abdominal aorta in 
each patient. Transaortic endarterectomy has also been successful for multiple visceral occlusive 
lesions at the origins of the mesenteric arteries. Combined infrarenal aortic replacement and 
Dacron bypasses to mesenteric arteries appears to be the technique of choice when severely 
symptomatic infrarenal aortic occlusive or aneurysmal disease coexists with chronic intestinal 
ischemia. However, combining mesenteric revascularization and aortic replacement carries a high 
mortality rate of 10%-20% in these cachectic patients. In contrast, limiting the operation to some 
type of aortomesenteric grafting or endarterectomy alone brings mortality to 3%-5%. 
 
Regardless of which method of revascularization is selected, early relief of intestinal angina is 
achieved in about 90% of patients. Some reports indicate that  results are superior when at least 2 
occluded or stenotic vessels are revascularized. In most patients this combination has included both 
the celiac and superior mesenteric arteries. However, good results have been reported from single-
vessel retrograde ileac-mesenteric bypasses.  
 
Symptoms recurred in 10% of patients who underwent complete revascularization, in 25% who had 2 
of 3 occlusive lesions corrected, and in 50% who had a single vessel revascularized. Since 
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revascularization of a single mesenteric occlusion offers relief to most patients, complete 
revascularization must be weighed against the patient's overall condition, prognosis, and other 
technical factors.  

 
Chronic or acute intestinal ischemia also may be the iatrogenic result of sacrificing the inferior 
mesenteric artery at the time of infra renal aortic grafting. Revascularization of the inferior mesenteric 
artery should be performed when the superior mesenteric artery is occluded and a large inferior 
mesenteric artery is present. 
 
Successful management of acute intestinal ischemia must begin with arteriography to define the 
mesenteric anatomy. Optimal therapy for acute mesenteric ischemia cannot be determined unless 
the clinician knows whether the problem is thrombotic, embolic, or hypoperfusion-related. 

 
Thrombosis usually is apparent on the arteriogram by obstruction of the superior mesenteric artery 
at its origin from the aorta. Systemic heparin is indicated to prevent clot propagation. Emergency 
abdominal exploration should be undertaken to assess bowel viability and to revascularize the 
obstructed artery. Resection of a nonviable intestine without revascularization of the remaining small 
bowel is associated with a high incidence of further intestinal infarction and death. Generally the 
bowel should be revascularized before intestinal resection. Resection of a nonviable intestine 
without revascularization of the remaining small bowel is associated with a high incidence of further 
intestinal infarction and death.   
 
An exception to this rule is resection before revascularization when a segment of intestine is grossly 
gangrenous or perforated. A single aortomesenteric bypass is sufficient in these seriously ill 
patients. When bowel contamination is present, a vein graft is preferable to a synthetic material. 
Clinical judgment of intestinal viability may be enhanced by fluorescein examination of the GI tract. 
The test is performed by injection of 2 ampules (1,000 mg) of sodium fluorescein through a 
peripheral vein and immediate examination of the bowel under an ultraviolet Wood's light in a 
darkened operating room. A viable bowel has a smooth or uniform fluorescence. A nonviable bowel 
has decreased, patchy, or no fluorescence. When it appears that the bowel may survive, it may be 
left alone and a second-look operation should be performed within 24 hours to reassess the 
intestinal viability. Doppler flow analysis has been used also to check intestinal perfusion, but it 
appears to be less reliable than fluorescein examination. Open surgical technique, resection of non-
viable bowel, and liberal use of second-look procedures are associated with improved survival.  
 
Emboli usually lodge a few centimeters beyond the origin of the mesenteric artery at the level of 
the first jejunal branches. Standard therapy remains identical to the management of thrombosis, 
except the embolus usually is removed by a mesenteric artery arteriotomy and Fogarty catheter 
thromboembolectomy. Sometimes a vein patch or a bypass graft is needed if significant arterial 
stenosis is present also. 
 
Nonocclusive mesenteric ischemia generally is seen in critically ill patients who have low 
cardiac output. They often are poor risks for any surgery and many times are so labile that 
transport to the angiographic suite is a major undertaking in itself. Their arteriograms show 
peripheral mesenteric vasoconstrictions but no large-vessel occlusions. Noninvasive ischemic 
colitis appears to be mediated primarily by a remarkable sensitivity of the colonic vasculature to 
the renin-angiotensin axis. The best results with this group of patients have been achieved by 
measures to improve cardiovascular hemodynamics and to vasodilate the peripherally constricted 
mesenteric vasculature. The recommended splanchnic vasodilator therapy is a papaverine 
infusion of 30-60 mg/hour through an angiographic catheter positioned in the superior mesenteric 
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artery. If a vasopressor is needed to increase blood pressure, dopamine is the drug of choice since 
it reduces renal and mesenteric vascular resistance. 
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Peripheral Vascular Trauma 
 

 
By Steven R Shackford, MD 
 
Learning Objectives: 
 
I. Scope of Problem: 

Vascular injury can be either blunt or penetrating.  In rural environments, such as Vermont, most 
vascular trauma is due to blunt injury, whereas in urban environments it is mostly penetrating.  
Since the advent of endoluminal therapies, the number of iatrogenic injuries has increased. 

II. Resuscitation:  
Peripheral vascular trauma, for the most part, is limb threatening; however, vascular injury can 
lead to a life-threatening situation, such as hypovolemic hemorrhagic shock.  Thus, the initial 
management consists of airway, breathing, and circulation.  Circulation means not only 
controlling hemorrhage, but also initiating intravenous access and beginning volume 
resuscitation.  Generally, low-pressure resuscitation (not to exceed a systolic blood pressure of 
100) is advocated so that one does not “pop the clot” on injured vessels. 

III. Diagnosis 
A. Physical examination 

A complete history and physical examination should be done to rule out other injuries and 
sources of blood loss.  With respect to the injured extremity, one should look for “hard” signs 
of hemorrhage, which would mandate the need for operative exploration.  These hard signs 
are (1) pulsatile bleeding, (2) expanding hematoma, (3) palpable thrill, and (4) evidence of 
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regional ischemia as manifested by pallor, parathesias, paralysis, pain, pulselessness, and 
poikilothermia.  One should also be cognizant of the “soft” signs which would indicate the 
need for further evaluation (i.e., imaging or ultrasound).  These “soft” signs include a (1) 
history of moderate hemorrhage, (2) injury in the proximity of a major vessel, (3) diminished 
pulse, and a (4) peripheral nerve deficit.  One should do a complete neurologic examination 
assessing sensation to light touch and motor strength.  All findings should be carefully 
documented in the medical record. 

B. Non-invasive Imaging 
A continuous wave Doppler ankle brachial or wrist brachial index should be obtained in the 
injured extremity.  If the pulse is absent (not palpable) or diminished and there is evidence of 
reasonable perfusion, an ankle brachial or wrist brachial index of less than 0.9 (compared to 
the uninjured extremity) would indicate the need for further imaging. 

C. Imaging 
Imaging is reserved for those patients with evidence of regional ischemia who have  
multiple potential sites of injury (such as a shotgun wound with multiple pellet  
wounds and no distal pulses) and those patients in which a vascular injury is  
suspected but the access is difficult (i.e., wounds at the base of the neck or in the apex  
of the neck). 

1. CTA 
 CT angiography using multi-detector CT has been shown to be as accurate as 

arteriography in the diagnosis of arterial abnormalities.  Post processing using either 
multidetector reconstruction or volume rendering can detect peripheral vascular 
injuries with the sensitivity and specificity similar to standard digital subtraction digital 
angiography. 

2. Angiography 
Angiography can be done either in the operating room, or in the angiography suite. 

IV. Treatment 
A. Observation 

Some arterial injuries can be observed.  These are the ones that are detected in nutrient 
vessels (such as a tertiary branch of the profunda femoris artery) or ones that produce small 
intraluminal defects or small pseudoaneurysms in conduit vessels.  Long follow-up of these 
injuries has shown them to be benign. 

B. Endoluminal 
Endoluminal therapy has been used preferentially for injuries to the carotid and vertebral 
system.   Either covered or uncovered stent grafts can be used for intimal dissections and 
pseudoaneurysms. 

C. Ultrasound guided 
Iatrogenic pseudoaneurysms that occur following percutaneous procedures can be treated 
by ultrasound guided thrombin injection. 

D. Operative 
Most arterial injuries that produce either regional ischemia or hemorrhage are managed 
operatively.  The basic principles are heparinization (which can be done preoperatively if 
there is an isolated arterial injury), wide exposure using incisions for elective exposure, 
proximal control, distal control, catheter thrombectomy, and completion arteriography.  
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Significant injuries require interposition grafting with autologous saphenous vein. Prosthetic 
material can be used but it is not the first choice. 

E. Intraluminal shunts 
Intraluminal shunts were first used in the Israeli war in 1967 to transport patients with 
significant vascular injuries from the field to an advanced care facility. The placement of 
these shunts allowed almost immediate restoration of blood flow and may have saved many 
limbs during this conflict. The concept was adopted in modern trauma day care when 
prehospital transport times were long or when patients had complex injuries involving a 
fracture and an arterial injury. When patients present with a fracture and an arterial injury 
there has been much debate as to which procedure should be done first: bone stabilization or 
vascular repair. Advocates for initial bone stabilization argue that the limb will be brought to 
the appropriate length and orthopedic manipulation is done prior to the vascular repair and, 
thus, avoids trauma to the vascular repair during fracture alignment. Advocates for initial 
vascular repair argue that the limb needs to be revascularized as quickly as possible.  
Intraluminal shunts placed immediately after the patient arrives in the operating room remove 
the sense of urgency and allow the orthopedic surgeons to stabilize the fracture.  

 
 Shunts can be premade or can be made from intravenous tubing at the time of surgery.  The 

placement requires a quick exploration of the wound and proximal and distal control of the 
injured artery. The artery can be debrided and the shunt inserted and kept in place with 
vessel loops or a silk tie. Patency of the shunt must be determined by continuous wave 
Doppler interrogation of the distal artery. Shunts can be placed in both the artery and the 
vein. Shunt dwell times have been as long as 72 hours. Heparin is not needed. 
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THE MANGLED EXTREMITY 
 
By Steven R Shackford, MD 

 
I. Definition: 

A mangled extremity is a limb (upper or lower) that has been exposed to high energy transfer 
(usually a crushing or degloving injury), is open and contaminated, and has injury to integument, 
muscle, and bone. There is often injury to neural elements and the vascular supply. It can be an 
isolated injury or occur with life threatening associated injuries. It should be considered a limb-
threatening injury either immediately (due to compromise of the blood supply) or remotely (due 
either to sepsis or poor neurologic function or pain).  
 

II. Management: 
Even with maximal medical and surgical therapy the amputation rate remains 40% - 70%. The 
surgical dilemma, therefore, is whether to immediately amputate the limb or to proceed with 
major reconstruction of bone and soft tissue. A variety of injury scoring systems have been 
developed to assist surgeons in decision making. A recent prospective evaluation of these 
scoring tools demonstrated that they have little or no clinical utility in predicting the need for 
amputation. However, it is generally accepted that very low scores have high specificity 
(meaning no need for amputation) while high scores have low sensitivity (may result in 
unnecessary amputation). 
 
One of the most important factors in determining long-term outcome of these injuries is the 
condition of the nerve. Significant neural injury can lead to loss of protective sensation or severe 
post injury pain syndromes that lead to late amputation. A recent large prospective study 
evaluating outcomes of reconstruction or amputation of severe leg injuries found no difference in 
the eventual amputation rates between patients undergoing immediate amputation and patients 
having reconstruction. Functional status of the limb at 24 months showed similar lower extremity 
function in the 2 groups. The group undergoing reconstruction required significantly more 
operations, had a significantly higher rate of osteomyelitis, and had significantly more 
complications.  
 
Management of these injuries is always difficult because the patient usually is young and 
vigorous. The best approach is (see diagram): 

1. Initial multidisciplinary evaluation including orthopedic surgery, plastic surgery (if 
necessary), vascular surgery (if necessary) and neurosurgery (if necessary) 

2. Skeletal stabilization  
3. Soft tissue coverage 
4. Return to the operating room in 24-48 hours for reassessment. This “contemplative” 

approach allows adequate multidisciplinary input and avoids precipitous amputation. It 
also allows time for the family to be involved in the progress of the case. An algorithm is 
included.   
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Associated Life-threatening Injuries? 

Mangled Extremity Syndrome
(MES) 

OR 

NO YES 

Damage Control 
MES 

Intraluminal Shunt  
m Resuscitate, Manage Life-

Threatening Injuries 
Assessment: 

Nerve, soft tissue, bone 

Debridement 

Skeletal Stabilization 

Vascular Repair 

Nerve Repair 

Soft Tissue Coverage 

OR in 24 – 48 hours 
For Reassessment 

*Multi disciplinary 
+If necessary 
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Thrombolytic Therapy 
___________________________________ 

By Julie E Adams, MD 
 
Learning Objectives  
 
Scope of Therapy: 
 

1. Discuss various thrombolytic agents and their mechanism of action 
a. Streptokinase – indirectly activates plasminogen by complexing with human 

plasminogen, which then catalyzes plasminogen to plasmin  dissolves thrombi 
b. Urokinase – directly activates plasminogen to active plasmin, allowing fibrinolysis to 

occur 
c. Recombinant Tissue Plasminogen Activator (rt-PA or Alteplase) – t-PA is an 

endogenous plasminogen activator made by endothelial cells. t-PA binds to fibrin 
and locally converts fibrin-bound plasminogen to plasmin, activating the endogenous 
fibrinolytic system   

d. TNK-t-PA – plasminogen activator like t-PA but with longer half-life, increased 
specificity for fibrin and increased resistance to inactivation 

e. Alfimeprase – a new direct acting thrombolytic that does not require plasminogen; 
has direct fibrinolytic activity against the α-chain of fibrinogen/fibrin; still in clinical 
trials 

2. Recognize the common situations in which these agents are used 
a. Acute embolic or thrombotic occlusion of arteries inaccessible or difficult to access 

surgically for operative thromboembolectomy 
b. Acute thrombosis of a popliteal aneurysm with limb-threatening ischemia 
c. Acute arterial thrombosis, especially of proximal arteries 
d. Thrombosed saphenous vein graft (that had been functional for a year or more) 
e. Venous thromboses 
f. Pulmonary embolus 
g. Acute MI 
h. Acute ischemic stroke 

3. Discuss the contraindications for thrombolytic therapy 
a. Absolute contraindications 

i. Established cerebrovascular event (including TIAs) within last 2 months 
ii. Active bleeding diathesis 
iii. Recent gastrointestinal bleeding (<10 days) 
iv. Neurosurgery (intracranial, spinal) within last 3 months 
v. Intracranial trauma within last 3 months 
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b. Relative major contraindications 
i. Cardiopulmonary resuscitation within last 10 days 
ii. Major nonvascular surgery or trauma within last 10 days 
iii. Uncontrolled hypertension: >180 mmHg systolic or >110 mmHg diastolic 
iv. Puncture of noncompressible vessel 
v. Intracranial tumor 
vi. Recent eye surgery 

c. Minor contraindications 
i. Hepatic failure, especially with coagulopathy 
ii. Bacterial endocarditis 
iii. Pregnancy 
iv. Diabetic hemorrhagic retinopathy 

 
4. Know dosages and rates of administration for thrombolytic t-PA and urokinase.  

Understand why streptokinase is not clinically used.  
a. rt-PA 

i. dose: 0.5 to 2.0 mg/hr  
ii. half-life: 3.5 minutes 

b. urokinase 
i. dose: 250,000 IU bolus, 4000 IU/min for 4 hours, then 2000 IU/min  
ii. half-life: 14 minutes 

c. TNK rt-PA 
i. Dose: 5 mg bolus and 0.25 mg/hour infusion 
ii. half life: 15 minutes 

d. Streptokinase not clinically used because of high antigenicity and resultant allergic 
reactions; also with unpredictable and severe bleeding complications. 

 
5.  Discuss important clinical trials that establish treatment guidelines for used of thrombolytic 
therapy.  

a. Rochester Trial 
i. 114 patients with acute LE ischemia (≤7 days)  urokinase versus surgical 

revascularization. Lysis successful in 70% of urokinase group. 
ii. Limb salvage: 82% in each group at 12 months 
iii. Survival: 84% (lysis) vs. 58% (OR) at 12 months (p=0.01) 

 
b. STILE Trial (Surgery versus Thrombolysis for the Ischemic Lower Extremity) 

i. Randomized patients with acute and chronic (>6 mos) limb ischemic to rt-PA, 
urokinase, or surgical revascularization 

ii. Acute limb ischemia (<2 wks)  limb salvage at 6 months better with lysis 
(AMP rate-30% surgery vs. 11% lysis, p=0.02) 

iii. Chronic limb ischemia (>6 mos)  limb salvage at 6 months better with 
surgery (AMP rate 3% surg vs. 12% lysis, p=0.01) 

iv. Subset of bypass patients: Patients with acute graft occlusion (<14 days) did 
better with lysis  lower 1-year amp rate compared with surgery (20% vs. 
48%, p=0.026).  Patients with chronic graft occlusion (>14 days) did better 
with surgery, p=0.003) 

v. No difference in efficacy or bleeding complications with rt-PA versus 
urokinase 

c. TOPAS Trial – Thrombolysis Or Peripheral Arterial Surgery for acute limb ischemia 
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i. Compared urokinase with surgical revascularization for acute (<14 days) of 
ischemia secondary to arterial or graft occlusion 

ii. 1 year amputation rates were similar (15% and 13%) and death rates were 
similar (20% and 17%). Patients in lytic group had higher risk of major 
hemorrhage (13% v 6%, p=0.005) and a 1.6 % risk of intracranial bleed 
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Venous Diseases 
___________________________________ 

By Michael A Ricci, MD 
 
Learning Objectives 
 
Scope of Problem: 
 
Specific Diseases 

1. venous thrombosis 
2. deep venous thrombosis 
3. pulmonary embolism 
4. venous stasis ulceration 
5. post-thrombotic venous insufficiency 
6. lymphedema 

 
Pathophysiology: 
 
Understand the pathophysiology behind the development of venous thrombosis 
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• Virchow’s triad 
• Clinical risk factors for thromboembolic disease 
 

Understand the pathophysiology of chronic venous insufficiency 
• Venous hemodynamics 
• Pathophysiology of venous stasis dermatitis and lipodematofibrosis 
• Venous ulceration 

 
 
Diagnosis: 
 
Understand the complexities of diagnosis of DVT 

• Clinical signs and symptoms  
• Reliability of clinical exam 

Ultrasound diagnosis 
• Accuracy in absence of physical signs 
• Role of venography 

Understand the risk for pulmonary embolus, diagnostic pitfalls, and treatment options 
 

 
Treatment: 
Compression therapy 
Inferior vena cava filters 
 
 
PATHOPHYSIOLOGY OF SPECIFIC DISEASES  
 
Venous Thrombosis: 
 
Thrombosis begins in the valve cusps or at sites of direct venous injury with the accumulation of 
platelets. Activation of the coagulation cascade occurs as factor XII (Hageman Factor) contacts any 
surface other than endothelium, such as the aggregated platelets. Ultimately, fibrin stabilizes the 
platelet clump. If natural fibrinolytic mechanisms, including antithrombin III (which opposes the activity 
of factors IX, X, XI, XII), are unable to reverse this process, platelets and fibrin continue to 
accumulate, eventually obstructing the venous channel and propagating clot in both directions from 
the site of origin. 
 
The factors that predispose to venous thrombosis were first described by Virchow in 1856, and his 
categorization is still useful today: stasis, hypercoagulability, and endothelial injury.   
 
Venous stasis is enhanced by immobility or venous obstruction and contributes to thrombosis by 
preventing dilution and washout of activated clotting factors. Blood pools in the venous lakes of the 
calf during bed rest, promoting the development of venous thrombosis during and after surgery or 
trauma. 
 
Hypercoagulability occurs after almost any surgical procedure, trauma, or burn, as well as with 
widespread malignancies. Thrombosis can be predisposed to by polycythemia vera, which produces 
thrombocytosis and erythrocytosis, and paroxysmal nocturnal hemoglobinuria. Systemic lupus 
erythematosus may produce circulating immune complexes (the lupus anticoagulant) which injure 
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endothelial cells; this paradoxically elevates the activated partial thromboplastin time while 
predisposing the patient to venous thrombosis. Inherited hypercoagulable states are produced by a 
deficiency of antithrombin III, protein C (which inactivates factors V and VIII), protein S (a cofactor for 
protein C activity), or fibrinolytic proteins.    
      
Finally, direct injury to the veins is a less frequent contributor to thrombosis but may follow venous 
trauma, venography, or even thermal injury from curing methyl methacrylate from total joint 
replacement. Clinical factors which place a patient at risk for thromboembolism are listed below.   
 
Earliest observations suggested that deep thrombi originate in the deep muscular veins of the calf. A 
study of surgical patients found that most venous thrombi arise in the calf and 20% of these 
propagate into the popliteal and femoral veins. An autopsy study by Sevitt and Gallagher, however, 
showed 6 sites where thrombi may form primarily: intramuscular veins of the calf, posterior tibial 
veins, deep femoral veins, common femoral veins, iliac veins, and popliteal veins.  
 
Thrombi may undergo lysis, organize and recanalize, or embolize to the lungs. While pulmonary 
emboli may arise from thrombi at any level in the venous system, the most serious threat is from 
thrombi above the popliteal vein. Large pulmonary emboli may cause sudden death, especially if 
more than one-third of the pulmonary arterial flow is obstructed. Large emboli produce a failure of 
oxygenation and acute right ventricular strain as well as bronchospasm. Smaller emboli may cause 
pulmonary infarction, and over the long term, subacute or occult emboli may cause pulmonary 
hypertension. 
 
Deep Venous Thrombosis: 
 
Deep venous thrombosis (DVT) is one of the most difficult conditions for the surgeon to diagnose. It 
frequently occurs without any signs or symptoms; therefore, a high index of suspicion is essential to 
make the diagnosis. Although the disease may occur in any patient, certain patients have a greater 
likelihood of developing DVT. Table 1 lists the myriad of risk factors for DVT together with the 
recommended prophylaxis recommended at FAHC. 
 
History: Symptoms usually arise within 7-10 days after surgery or an injury, when the patient is doing 
well and may even have been discharged. However, DVT may also occur spontaneously in 
ambulatory patients without a readily apparent cause. Patients may complain of an ache or tightness 
in the calf, but may also present with complaints of limb swelling. On occasion, the first symptoms 
may be shortness of breath or hemoptysis from a pulmonary embolism! 
 
Physical Examination: There may be a low-grade fever (38°C) days before DVT becomes evident, 
especially in the post-operative patient. Careful examination of the extremities is mandatory.  
Dorsiflexion of the foot may cause posterior calf pain (positive Homan's sign) and edema at the calf or 
ankle may be noted. Measuring the circumference of the calves may help strengthen the clinical 
impression. In spite of this, however, the reliability of the clinical examination is no better than 50%. 
The diagnosis of DVT should be objectively confirmed before committing the patient to long-term 
anticoagulant treatment. 
 
Severe iliofemoral thrombosis with massive swelling of the leg is termed phlegmasia alba dolens.  
The term alba is used because the leg usually turns white. Simple thrombosis of the iliofemoral 
system alone probably will not cause this and the perivenous lymphatics need to be involved as well. 
The perivenous lymphatics are involved in an inflammatory reaction in the presence of venous 
thrombosis, but why this disease occurs in some patients and not in others is unknown. About 25% of 



 

 

46

46

these patients will develop pulmonary emboli, probably because there are no valves in the iliac 
veins and because the venous clot is large. Interestingly, this condition also occurs on the left side 
about 4 times more frequently than on the right. Compression of the left iliac vein by the right iliac 
artery may account for this difference. 
 
An even more serious condition, probably representing progression of phlegmasia alba dolens, is 
phlegmasia cerulea dolens. In this instance, the massively swollen limb is blue, hence the term 
cerulea. In these cases massive edema has increased tissue pressure to the point where capillary 
and arterial flow ceases, leading to microvascular arterial thrombosis, gangrene, and, if not corrected, 
limb loss. At this stage, urgent surgical therapy is necessary to prevent amputation. 
 

TABLE – RISK FACTORS 
 
VTE 
RISK 

 
SURGERY 

TYPE(1)

 
AGE 

ADD’L 
RISK 

FACTORS

WITHOUT 
PROXIMAL 

DVT % 

PROPHYLAXIS 
CLINICAL 

PE % 

 
RECOMMENDED(2)

 
PROPHYLAXIS 

Low Minor <40 0 0.4 0.2 None* 
Moderate Minor/Major any ≥1 2-4 1-2 LMWH or IPC 
 Major 40-

60 
0 2-4 1-2 LMWH or IPC 

HIGH Major >60 0 4-8 2-4 LMWH or IPC 
 Major 40-

60 
≥1 4-8 2-4 LMWH or IPC 

HIGHES
T 

Major >40 ≥2 10-20 4-10 LMWH and IPC 

(1)Minor = non-cavitary surgery     Major = cavitary surgery or prolonged procedure 
(2)Geerts WH, Pineo GF, Heit JA, Bergqvist D, Lassen MR, Colwell CW, Ray JG.  Prevention of Venous 

Thromboembolism: The Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy.  
Chest 2004;126:338-400. 

*Aggressive ambulation/mobilization encouraged. 
 

Risk Factors for VTE 
Surgery 
Trauma (major or lower extremity) 
Immobility, paresis 
Malignancy 
Cancer therapy (hormonal, chemotherapy, or radiotherapy) 
Previous VTE 
Increasing age 
Pregnancy and the postpartum period 
Estrogen-containing oral contraception or hormone replacement therapy 
Selective estrogen receptor modulators 
Acute medical illness 
Heart or respiratory failure 
Inflammatory bowel disease 
Nephrotic syndrome 
Myeloproliferative disorders 



 

 

47

47

Paroxysmal nocturnal hemoglobinuria 
Obesity 
Smoking 
Varicose veins 
Central venous catheterization 
Inherited or acquired thrombophilia 
 
Pulmonary Embolism: 
 
Pulmonary embolism probably occurs more frequently than is recognized, but it can be difficult to 
diagnose because of the often subtle nature of the symptoms. The clinical diagnosis of pulmonary 
embolism is extremely inaccurate because the classic signs and symptoms only occur in 23%-35% of 
patients. In addition, the signs and symptoms are similar to those of many cardiorespiratory disorders 
and include dyspnea, pleuritic pain, cough, hemoptysis, and syncope. 
 
Although the exact incidence of this problem is unknown, autopsy studies have determined that 2%-
14% of major pulmonary emboli preceded death, although diagnosis before death occurred in only 
16%-38%. However. approximately 630,000 cases of pulmonary emboli occur each year in the United 
States with approximately 200,000 deaths. Eleven percent of these patients die within the first hour 
after onset, but 89% survive more than 1 hour, or long enough for treatment to be instituted. If 
adequate therapy is instituted, only about an additional 8% will die, whereas without treatment, about 
30% will die. 
 
History: With pulmonary embolism, the patient may have no warning that anything is wrong until the 
advent of sudden chest pain, shortness of breath, and possibly hemoptysis. Apprehension that the 
patient cannot explain, but is able to express is sometimes a prodrome. Some patients have multiple 
small pulmonary emboli with essentially no symptoms. They may not mention a slight shortness of 
breath because they think that the feeling is part of recuperation from surgery. Others will note that 
there is a "catch" in the chest with deep breathing. In a large study of treatment for pulmonary 
embolism, the most common symptoms were chest pain (88%), and dyspnea (84%), while 
apprehension (59%), cough (53%), and hemoptysis (30%) were less frequent. The "classic triad" of 
chest pain, hemoptysis, and dyspnea is distinctly uncommon and the clinician must be alert for subtle 
symptoms. 
 
Physical Examination: The signs of pulmonary embolism are also relatively non-specific in most 
patients. In the study mentioned, tachypnea (more than 16 breaths per minute) was the most 
common sign, occurring in 92%. Other signs include rales (58%), accentuated second heart sound 
(53%), tachycardia (44%), and fever (43%). Thus, the signs of pulmonary emboli are non-specific, so 
that a high index of suspicion, especially in the post-operative patient, is required to appropriately 
diagnose and treat the problem. 
 
If a diagnosis of DVT can be made, the occurrence of the above symptoms and signs make a strong 
clinical case for a diagnosis of pulmonary embolism, justifying the start of treatment. Unfortunately, 
this occurs in only 32% of patients. 
 
There is no sure way to prevent pulmonary embolism. Early ambulation or in-bed exercise after 
surgery are of theoretical help and are easily overlooked. The use of heparin or pneumatic 
compression is a cost-effective approach. 
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Venous Stasis Ulceration  
 
Venous stasis ulceration may follow DVT years after the primary event. Often, at the time the patient 
presents with ulceration, there is no history of prior venous thrombosis. Overall, approximately 20% of 
patients will develop stasis ulceration. 
 
Pathophysiology: Although it is acknowledged that edema plays a role in post-thrombotic venous 
insufficiency, explaining all the changes by edema alone is difficult for several reasons:   
1. Ulceration almost never occurs in patients with lymphedema, even if it is massive. 
2. Edema is common in patients with congestive heart failure, renal failure, or severe liver 
disease, but ulceration is not a part of these conditions. 
3. Edema occurs in patients with varicose veins, but ulceration is uncommon.   
 
In anatomic studies, the location of an ulcer was almost always over the 3 lower perforating veins 
which communicate with the posterior arch vein; these must be incompetent for ulceration to occur.  
With an incompetent deep system, calf contraction generates high pressure in the distal veins and 
transmits it to the superficial system via the perforating veins, causing them to become incompetent. 
Venous hypertension develops, causing edema. This venous hypertension has several additional 
effects. It may reduce the arteriovenous pressure gradient and lead to tissue hypoxia. The small 
venules and capillaries dilate with transudation of proteins and red cells into the surrounding tissues, 
causing the deposition of hemosiderin. Actual rupture of these small vessels may occur and cause 
extravascular thrombosis, hemosiderin deposition, and fibrosis. Finally, the skin in the area of 
ulceration drains into the posterior arch vein. This arch vein communicates with the perforating veins 
and thus receives the high pressure that occurs when the calf contracts. 
 
The key factor in the pathogenesis of these ulcers is the state of the deep venous system. If the veins 
are open and the valves are intact, ulceration will not occur. On the other hand, if they are occluded 
or the valves are incompetent, high pressure develops along with bidirectional flow and perforating 
vein incompetence, leading to edema, fibrosis, and hypoxia of the local tissue, and eventually 
ulceration. 
 
Post-thrombotic venous insufficiency: 
 
History: Patients with post-thrombotic venous insufficiency usually seek medical attention because of 
chronic swelling of the lower extremity. The patient may have an open, painful, indolent ulcer that is 
indurated and has failed to heal after all types of medications have been used, from systemic 
antibiotics to topical applications. The skin is often sensitive, and itching may be a major problem.  
Some patients keep the area bandaged to keep from scratching, especially during the night. A history 
of having DVT may be present, having most often occurred after surgery, trauma, or childbirth. 
Patients may also complain of leg heaviness and a wooden feeling, particularly after prolonged 
standing. 
 
Physical Examination: Examination always reveals a swollen leg from roughly the level of the malleoli 
to just below the knee. The edema is firm, but reduces when the legs are elevated each night. The 
skin is brownish because of hemosiderin deposition and is often scaly, dry, and cracked. Most 
patients demonstrate chronic changes just above and posterior to the medial malleolus. When 
ulceration occurs, it varies from being very superficial to relatively deep, penetrating to the 
subcutaneous tissues. 
 
The ulcer is often large and has a dirty gray base covered with a gelatinous exudate. There is little 
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granulation in the base of the ulcer and often no evidence of healing, even though most patients 
have normal arterial inflow and good pulses. The foot is warm (and sometimes warmer than the 
opposite foot). 
 
TREATMENT: 
 
Compression: 
The mainstay of treatment is compression. The goal of treatment is to promote healing of ulcers and 
prevent recurrence while allowing the patient to ambulate. Compression therapy is highly effective in 
controlling symptoms of chronic venous insufficiency and promoting healing of ulcers 
 
In the 1950s Conrad Jobst observed that his leg symptoms due to venous ulceration improved when 
he stood upright in a swimming pool. He designed the first ambulatory gradient-compression 
stockings to mimic the hydrostatic forces exerted by water.   
 
The effectiveness of compression is presumed to be due to the reduction of ambulatory venous 
hypertension and a favorable effect on subcutaneous interstitial pressures. Compliance with 
compression is the main problem in treatment. 
 

Unna developed a paste gauze compression in 1896. The current “Unna boot” includes calamine, 
zinc oxide, glycerin, sorbitol, gelatin, and magnesium aluminum silicate. The dressing provides both 
compression and topical therapy. The Unna boot consists of a 3-layer dressing: (1) Dome paste 
rolled-gauze bandage with graded compression from the forefoot to just below the knee, (2) 4-inch-
wide continuous gauze dressing and (3) elastic wrap with graded compression. The dressing 
becomes stiff after drying. The Unna boot has better patient compliance than compression stockings.

 
Vena cava filters: 
 
Filters are placed in the vena cava to trap potential emboli while maintaining the flow of blood. 
Although there are a variety of filters available, the greatest experience has been obtained with the 
Greenfield vena cava filter. This filter may be placed operatively or percutaneously via the jugular or 
femoral veins. The filter is positioned below the renal veins centered by a guide-wire and, when 
released, the legs spring open so that the small hooks on the end catch and hold the filter in the vena 
cava. The Greenfield filter is remarkably successful, trapping emboli as small as 3 mm and 
maintaining long-term patency in 97%. 
 
The current indications for Greenfield placement are a contraindication to anticoagulation or 
pulmonary emboli while on adequate anticoagulation treatment. In certain high-risk groups, such as 
the multiply inured patient with paralysis, prophylactic filter insertion may be appropriate.  Recently, 
retrievable IVC filters have become available expanding their use. 
 
 
 
LYMPHEDEMA: 
 
Another common case of "the swollen leg" that is frequently referred is the patient with lymphedema. 
In addition to arteries and veins, the lymphatics compose a third part of the vascular system. Fluid, 
electrolytes, and protein move through the wall of the capillary into the interstitium. Only the fluid and 
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electrolytes can be reabsorbed through these vessels; the protein is absorbed through the 
lymphatic system. The lymphatics can be viewed as a drainage system that collects protein, water, 
bacteria, and other small particulate matter from the interstitium. 
 
Anatomy:  A superficial layer of lymphatic capillaries lies within the dermis of the skin and another 
layer in the subcutaneous tissue. These join the lymphatics in the deeper layers that follow the course 
of the major blood vessels. Eventually, the lymphatics empty into the venous circulation at the 
junction of the internal jugular and subclavian veins. Somewhat similar to the veins, the lymphatics 
contain 1-way valves that direct the flow of the lymph toward the neck. The lymph channels course 
through the lymph nodes on their way to the neck, and these act as filters to remove certain 
particulate matter and to add lymphocytes to the circulation. Respiratory movement, muscle 
contraction, arterial pulsation, and massage aid the lymphatic "circulation." Lymph nodes consist of 
collections of lymphatic tissue and range in size from 1 mm to 2 cm. Humans have approximately 
1,000 nodes, which lie along the course of the lymphatic vessels. The afferent lymph vessels enter 
the node over its surface, but drainage from the node is through a single efferent lymphatic that exits 
the node at its hilum along the artery and vein of the node. 
 
Physiology: As a circulatory system, the lymphatics protect tissue pressure and volume. During 
hypovolemia, it supports the circulation by immediate repletion of the intravascular volume from its 
own stores. Blood passing through a capillary gives up water, electrolytes, and protein into the 
interstitium. Some of this is reabsorbed at the venous end of the capillary. However, this system 
cannot reabsorb all the fluid and protein, so the lymphatics serve as a third element of the circulatory 
system and return fluid, electrolytes, and protein to the venous circulation via the thoracic duct. 
Absence or obstruction of the lymphatic system produces chronic edema.   
 
Classification: Lymphedema may be primary, due to an idiopathic abnormality, or secondary, 
following lymphatic destruction by surgery, radiation, or infection. Worldwide, filariasis is the most 
common cause of secondary lymphedema, while the former 2 secondary etiologies are more 
common in this country. 
 
Primary lymphedema may be congenital, presenting early after birth, lymphedema precox, presenting 
in second or third decades, or lymphedema tarda, developing after age 35. Each type may be due to 
aplasia, hypoplasia, or dysplasia of the lymphatic vessels. 
 
Pathophysiology: The lymphatics play a major role in removing protein from the interstitium. If they 
are absent or hypoplastic, protein collects and holds water in the tissues causing the edema. The 
protein content of fluid has been shown to exceed 2 g/dL of fluid, which is abnormal. In secondary 
lymphedema, the problem is almost always caused by obstruction. Surgery, infection, tumor invasion, 
or radiation may all cause the obstruction. Filariae transmitted by a mosquito bite will enter the 
lymphatics where the microfilariae develop into the adult worms and clog the lymphatic channels. 
This clogging produces massive edema (elephantiasis). 
 
History:  Patients with lymphedema precox usually seek medical attention because of chronic 
swelling of an extremity, usually a lower extremity. Before seeking medical help, many have had the 
condition for some time, often years. Some diminution in edema usually occurs at night, but with time, 
this becomes negligible. The involved extremity feels heavier and may have a "wooden" feeling or 
diminished sensation. The cosmetic appearance is troublesome and occasionally actual physical 
impairment may occur. 
 
Patients with primary lymphedema will usually not give a history of injury or surgery. It is not 
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infrequent that they have had a diagnosis of DVT which may not have been documented 
objectively. Past episodes of lymphangitis or cellulitis are also frequent. 
 
Physical Examination: Examination reveals a swollen leg with normal skin color and temperature.  
The edema is firm, rubbery in consistency, and non-pitting. Nodes are not palpable in the groin, and 
there may be no evidence of trauma, surgery, or infection. A frequent complication of lymphedema, 
because of impaired local tissue defenses, is cellulitis, so that examination may reveal the typical 
tenderness and erythema indicative of infection. 
 
There is little need to carry out any further studies because the diagnosis of lymphedema precox is 
satisfactorily made on clinical grounds. The absence of any of the causes of secondary lymphedema 
makes the diagnosis of primary lymphedema certain. Occasionally, it may be necessary to rule out 
the coexistence of DVT with duplex scanning or venography. 
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By Steven R Shackford, MD 
 
I. Definition and pathophysiology 

TOS is produced by compression of one of the neurovascular structures in the thoracic outlet. 
 TOS is categorized in the following types: 

1. Neurogenic TOS is produced by compression of the brachial plexus (usually the lower 
trunk).  It is the most common form. 

2. Venous TOS is also called “effort thrombosis” or Paget-Schrotter syndrome and is 
produced by compression of the subclavian vein. 

3. Arterial TOS is the least common.  It is always associated with a cervical rib or osseus 
abnormality of the outlet. 

II. Diagnosis 
At the present time there are no generally accepted criteria for the diagnosis of TOS. 

A. General Exam 
The first part of an evaluation of a patient suspected of having TOS is a good history and 
physical examination. 

B. Neurogenic TOS 
1.   Differential diagnosis  

a) Degenerative disk disease of the cervical spine 
b) Carpal tunnel syndrome 
c) Ulnar nerve entrapment 
d) Rotator cuff tear 

2.    Testing 
The purpose of doing physiologic testing and imaging is to rule out other causes for 
neurogenic TOS. If all other causes are ruled out and the history and physical 
examination suggest TOS, then treatment should be undertaken. Testing involves the 
following: 

a) Plain films of the cervical spine to rule out a cervical rib. 
b) Electromyogram/nerve conduction velocity testing to rule of carpal tunnel 

syndrome and ulnar nerve entrapment. 
c) MRI of the cervical spine to rule out degenerative disk disease. 
d) MRI of the shoulder to rule out a rotator cuff tear. 

C. Venous TOS 
Venous TOS can be produced by seemingly minimal effort.  It usually presents with a 
painful swollen arm.  The diagnosis can be made by venous duplex exam or venography. 
 

D. Arterial TOS 
Arterial TOS can present with limb threatening ischemia or with upper extremity 
claudication. It usually is associated with some degeneration in the arterial wall producing 
either an aneurysm or pseudoaneurysm. All patients suspected of arterial TOS should have 
an arteriogram. 

III. Treatment 
A. Neurogenic TOS 
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Initially, neurogenic TOS is treated with analgesia, muscle relaxants, dry heat, and 
physical therapy exercises to strengthen the shoulder girdle. If symptoms persist after a 
minimum of 6 months of medical therapy, one may consider a radical scalenectomy, a first 
rib resection, or both. 
  
Surgical treatment of neurogenic TOS requires a minimum of 2-years follow-up, since 
recurrences and relapses are frequent. At 2 years, most authors report a cure rate of 10%-
15%, and an improvement rate of approximately 40%. Fifty percent of patients at 2 years 
are unimproved. These poor results are probably due to an inadequate workup of the 
patient (i.e., the patient received a first rib resection because the diagnosis of neurogenic 
TOS was made when the patient actually had degenerative disk disease of the cervical 
spine). 
 

B. Venous TOS 
Venous TOS can be managed with thrombolytic therapy if the diagnosis is made within 72 
hours of the onset of symptoms. During this period, the clot is quite vulnerable to 
thrombolytics and will require approximately a 24-hour infusion. If this is successful, the 
patient should undergo first-rib resection during the same hospitalization. If the diagnosis is 
delayed more than 72 hours, the patient should be placed on heparin and then Coumadin 
for a minimum of 3 months. Initially, the patient should do minimal activity with the arm. As 
symptoms resolve with anticoagulation (and they will resolve with anticoagulation), the 
patient is encouraged to increase activity. If symptoms persist with activity (swelling, 
venous claudication, etc.) then the patient should be considered for first-rib resection. 
Generally, good results with improvement are reported in up to 85%-90% of patients.  
 

C. Arterial TOS 
The management of arterial TOS varies. If there is no arterial pathology, a simple removal 
of the compressive agent (i.e., the first rib, hypertrophic callus from a fractured clavicle, 
etc.) is all that is needed. On the other hand, if an aneurysm has developed, then arterial 
resection using the supraclavicular approach is necessary. 
 
Results following resection and decompression of the outlet for arterial thoracic outlet 
syndrome are good, with 100% limb salvage. 
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Non-invasive Vascular Lab 

____________________________________________ 
Michael A Ricci, MD and David Pilcher, MD 
 
Learning Objectives  
 
I. Understand the basic techniques used in the non-invasive vascular laboratory  
 
A. Explain the principles of the Doppler effect and Doppler ultrasound.  
 
B. Understand the principles and interpretation of segmental pressures and waveforms (PVRs).  
 
C. Understand the basic principles behind duplex ultrasound (imaging and Doppler spectral analysis) 
as well as the Strandness criteria for diagnosis of carotid stenosis.  

1. Criteria for > 50% stenosis: PSV > 125cm/sec (or >140cm/sec with contralateral occlusion)  
2.  Criteria for > 80% stenosis: above plus EDV > 105cm/sec  

 
D. Understand the basics of aortic aneurysm measurement with B-mode ultrasound.  
 
E. Understand the imaging and physiologic basis for testing for DVT. 

1. Lack of compression of vein indicates acute clot. 
2. Normal venous flow is spontaneous and phasic with respiration augmentation. 
3. Normal flow augments with distal compression or release of proximal compression. 

 
II. Understand techniques’ applications to specific disease states. 
 
A. Carotid Duplex 

1. To describe the normal Doppler signals in the internal, external, and common carotid arteries.  
2. To discuss the sensitivity and specificity of duplex scanning in detecting carotid artery stenosis.  
3. To discuss the risks and benefits of relying on duplex ultrasound and eliminating angiography. 
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B. Describe the utility of ultrasound in diagnosing life or limb threatening signs of vascular disease 

1. Symptomatic or ruptured AAA: Consider this diagnosis in any patient presenting with severe 
back or flank pain and an abdominal mass, especially male smokers aged > 50 years. Ultrasound 
may be useful in the acute setting if the patient is obese and the aortic pulsation cannot be 
palpated and is hemodynamically stable.   
2. Suspected chronic mesenteric ischemia: duplex is an initial screening test for patients with a 
clinical suspicion of the disease. 
3. Acutely ischemic lower extremity.  Duplex may be useful to diagnose an embolism to the 
femoral bifurcation or in proving the diagnosis of a thrombosed popliteal artery aneurysm.  

 
Introduction 
Although almost every artery in the body can be interrogated with the duplex scanner, a few of these 
are readily accessible for the surgeon caring for a variety of common vascular problems. Vascular 
diagnostic ultrasound adds more complexity to the examination than simple imaging. As always, the 
surgeon's complete knowledge of anatomy is of the greatest benefit in the performance and 
interpretation of these studies. Duplex or color-flow ultrasound scanning is a sensitive, noninvasive 
technology that allows visualization of the flow pattern within a vessel or graft, anatomic localization of 
stenosis or abnormality, and physiologic measurement of velocity and flow. 
 
Ultrasound Principles 
 
An ultrasound transducer transmits ultrasound waves that are reflected by an interface (different 
stiffness/density change) back to a receiver. The more sound that is reflected back, the brighter the 
display, hence the term “B-mode” or brightness mode. The originally transmitted sound waves 
undergo a detectable change in frequency when they are reflected by moving red blood cells 
(Doppler effect). 
 
The change in frequency (∆f) is transformed by the scanner's computer to produce a spectrum of all 
the frequencies present at a given point in the vessel (spectral analysis) that are useful in diagnosing 
stenosis. Combining these 2 components produces the conventional "duplex" scanner. Some 
equipment adds a third component. Simultaneous receiving from a multitude of sites records ∆f for 
essentially every moving point in the field. A color code is assigned to each point (blue= away from 
the transducer, red= towards the transducer, white = high velocity suggesting stenosis) and the image 
is continuously updated so that a dynamic real-time ultrasonic arteriogram-like image is created.  
 
Because stenosis produces an increased velocity (v) of flow, the reflected frequency (∆f) detected is 
related to velocity by the following equation: 

v (cm/sec) = (Δf  •  c)  (2F0  •  cosθ)    
where c=1540 m/sec, F =transmitted frequency, and 0 - 60○0  (incident angle). Convention now usually 
expresses ∆f after it is converted (by the scanner) to velocity, a more clinically useful and 
understandable number. 
 
Basic Scanning Technique 
 
The patient should be recumbent and supine for most examinations. When examining the popliteal 
region, the knee should be flexed slightly and the leg externally rotated or the patient put into the 
prone position. Elevation of the left flank may occasionally help in visualizing the aorta. 
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Most exams can be done with a 5 MHz probe. A deep abdominal probe (3.5 MHz) will facilitate 
visualization of the aorta, while a 7.5 MHz probe may be needed for superficial grafts or other 
peripheral structures in very thin people. Overall, body habitus may affect the choice of probes since 
the vessels of an obese patient may be better visualized with the deep probe or those of a very thin 
person with the superficial probe.   
 
A thorough knowledge of the venous and arterial anatomy is mandatory. Arterial structures are easily 
identified by the pulsatile motion of the walls on real-time grey-scale image, which may be confirmed 
by placing the Doppler cursor in the center of the structure. Arterial signals and spectral analysis will 
be found. Pitfalls in identification may include very low-flow states or the presence of an arteriovenous 
fistula. Each vein is adjacent to its corresponding artery, which may help in identification. 
 
PVR (pulse volume recording) 
 
A pressure transducer coupled to the air bladder on a cuff inflated above venous occlusion pressure 
traces out a waveform which resembles an arterial pressure wave. A rapid upslope and sharp peak 
and high amplitude are consistent with normal arterial inflow at the level where the measuring cuff is 
applied. Damped upslope, rounded peak, and low amplitude are suggestive of arterial 
occlusion/stenosis above the cuff level. A flat waveform is consistent with ischemic changes. 
 
This PVR study is usually coupled with segmental blood pressure obtained by the systolic pressure 
required to obliterate a distal Doppler signal. These pressures should always be obtained in the 
supine position to obviate gravity augmentation. Comparison to arm pressure gives an ankle-to-
brachial (ABI) pressure ratio. One is normal with no arterial compromise at the ankle compared to the 
arm. Since arm stenosis is much rarer than leg stenosis, this usually works. An abnormal arm arterial 
flow would be shown by an abnormal PVR waveform. An ABI of <0.5 is consistent with claudication, 
and an ABI of <0.3 with ischemia. 
 
In some laboratories the Doppler waveform at various levels is used to detect and stratify stenosis 
instead of the PVR waveform. 
 
SPECIFIC DISEASE STATES: 
 
Carotid stenosis. While each of these aspects is important during the cerebrovascular duplex 
examination, the most important aspect of diagnosis is the spectral analysis. The B-mode or color 
image serves to direct the placement of the Doppler for sampling. Obtain multiple samples from the 
midstream of the vessel being interrogated. The angle of incidence of the ultrasound beam should be 
kept at 60o or less.  Any subsequent scans should be performed at the same angle. Spectral analysis 
should first be obtained low in the CCA and in its mid and distal portions, in the ECA, through the 
carotid bulb, and throughout the ICA. Specific parameters to be recorded include: peak systolic 
velocity (PSV), end diastolic velocity (EDV), the ratio of the PSV in the ICA and CCA (PSV ICA/CCA 
ratio), and the ratio of the EDV in the ICA and CCA (EDV ICA/CCA ratio). Obviously, any areas 
suspicious for stenosis on the basis of the color pattern should be thoroughly investigated. The 
spectral profile in the CCA typically demonstrates a mix of the low resistance pattern seen in the ICA 
(flow-through diastole) and the high resistance pattern (no-flow during diastole) of the ECA (Figure 1). 
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Figure 1. Normal Doppler spectrum in the external and internal carotid arteries. 
 
 
A high-resistance profile in the CCA may be the first clue to an ICA occlusion. As noted above, a brief 
flow-reversal in the carotid bulb is a normal finding. In addition, there is a narrow spectrum of 
velocities in undiseased vessels known as a spectral window. Stenosis within the bulb and ICA 
produces turbulence that diminishes or obliterates the window with spectral broadening, one of the 
earlier signs of stenosis. Spectral broadening can also be artificially generated if the sample volume is 
too large or the sample is too close to the vessel wall (as opposed to midstream sample) or in 
tortuous vessels. In addition, if the gain is too high, the spectral window will be obliterated with 
artificially elevated velocities. The gain should be set to a minimal but discernable amount of 
background noise. Published duplex criteria for the degree of carotid stenosis is shown in Table 1. 
 
 

 

 

 

 
 
 
 
Table 1. Criteria for Duplex Diagnosis of ICA Stenosis. 
 
 

meta analysis 2005 (3) FAHC criteria 
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Normal PSV < 130 cm/sec 
No spectral 
broadening  

Flow reversal in bulb 

Normal PSV < 125 cm/sec 
PSV ICA/CCA ratio <2.0 
EDV ICA/CCA ratio <2.0 
No spectral broadening 

  1- 49% PSV<125 cm/sec 
PSV ICA/CCA ratio <2.0 
EDV ICA/CCA ratio <2.0 

Minimal spectral broadening 
50 – 79% PSV > 130 cm/sec 

 
60% – 79% PSV > 125 cm/sec 

EDV > 50 cm/sec 
PSV ICA/CCA ratio 2-4 
EDV ICA/CCA ratio 2-4 

Marked spectral broadening 
80 – 99% PSV > 200cm/sec 

 
80% – 99% PSV>125 cm/sec 

EDV > 105 cm/sec 
PSV ICA/CCA ratio >4 

 
Occlusion No flow Occlusion No flow in ICA 

Low velocity CCA to zero in 
diastole 

PSV=peak systolic velocity, EDV=end diastolic velocity 
 
Abdominal Aortic Aneurysm.  Ultrasound is the most useful technique to diagnose and follow aortic 
aneurysms, and remains superior to physical exam which, even with experience, misses as many as 
20% of aneurysms. Ultrasound has the great advantage of allowing the sonographer to measure a 
true transverse diameter, even in the most tortuous aortas. Bowel gas or a recent meal may make the 
exam difficult. Ultrasound may also be useful in diagnosing associated popliteal aneurysms (10%-
25%).   
 
It is important not to use ultrasound to diagnose a ruptured AAA since it is inaccurate in this regard.  
However, emergency ultrasound of the aorta may be useful to rule out (or confirm) an aneurysm in a 
patient who is in shock without apparent reason, particularly in a large patient in whom an aneurysm 
might not be palpable.   
 
Pseudoaneurysm.  In our institution, the overall incidence of arterial injury after cardiac 
catheterization is 1.4%, but this rises to 3.1% when angioplasty is performed. The most frequent of 
these complications is pseudoaneurysm formation. These are more frequent in the femoral region, 
whereas thrombosis is most frequent in the brachial region. Recent evidence suggests that about 
60% will spontaneously thrombose without patient morbidity. Ultrasound is useful to confirm the 
diagnosis and follow the patent aneurysm. Ultrasound-guided thrombin injection is effective in 
obliterating these pseudoaneurysms. 
 
 
 
 
Popliteal Artery Aneurysm.  Ultrasound is the test of choice for diagnosing this condition and 
differentiating the arterial pathology from venous thrombosis or a popliteal synovial cyst. It may also 
prove useful when patients present with an acutely ischemic limb and normal (or supranormal) 
contralateral pulses. However, even in the patient who presents with unilateral claudication, the 
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suggestion of a popliteal aneurysm may be easily and more quickly confirmed by ultrasound. It is 
important to remember that the chance of bilateral popliteal artery aneurysms when one is found is 
50% and the likelihood of an AAA being present may be as high as 50%. 
 
Graft Surveillance.  With the widespread use of the in situ graft, surveillance with duplex ultrasound 
is quite simple and useful. Early detection of a failing graft will produce better long-term patency. 
Although color-flow imaging speeds up the exam, it is not an absolute necessity. Criteria that suggest 
the graft is at risk are:  (1) graft velocity < 40 cm/sec, or (2) focal stenosis. A focal stenosis may easily 
be seen with color-flow as a white "jet". However, when a high velocity is encountered relative to the 
immediately proximal graft segment (>2X), a significant stenosis is present. In our institution, 
angiography is performed and revision is accomplished by open or percutaneous methods as 
appropriate. 
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Conventional Catheter Angiography 
_______________________________________ 

By Christopher S. Morris, MD 
 

Learning Objectives  
 

I. Basic principles of each imaging modality  
a. CT angiography (CTA)  
b. magnetic resonance angiography (MRA) 
c. conventional catheter angiography or digital subtraction angiography (DSA)  
d. 3-D rendering techniques 

II. Utility of each imaging modality in specific disease entities 
a. Vascular trauma 
b. Peripheral vascular occlusive disease: lower extremity ischemia, mesenteric ischemia, 

and renovascular ischemia 
c. Carotid artery occlusive disease 
d. Abdominal aortic aneurysm (AAA) and peripheral vascular aneurysm disease 
e. Miscellaneous: thoracic outlet syndrome and effort thrombosis, popliteal artery 

entrapment, adventitial cystic disease of the popliteal artery, and vasculitis 
III. Patient preparation and complications of each imaging modality 
IV. Contrast agents 

a. Iodinated contrast media 
b. Alternative contrast agents for conventional catheter angiography 
c. MR contrast agents – gadolinium and gadolinium chelates 

V. Adverse reactions to contrast media 
   

 
Vascular imaging, including CTA, MRA, and conventional catheter angiography, is instrumental in 
arriving at a diagnosis in vascular disease, and also aids in medical, surgical, or endovascular 
treatment planning. The choice of modalities may depend on such issues as the patient’s 
comorbidities, the relative likelihood of surgical or endovascular treatment, and the degree of 
spatial and contrast resolution required of the imaging study. Patients lacking femoral pulses, as 
seen in aortoiliac occlusive disease, may be better served by CTA or MRA than by catheter 
angiography, which might require a riskier axillary artery puncture for access. However, in patients 
with a suspected short segment iliac artery stenosis, a catheter angiogram may be preferred, 
since endovascular treatment with a stent and angioplasty could be performed at the same sitting. 
In patients where fine vascular detail is paramount, such as magnified hand angiography of 
ischemic fingers, a catheter angiogram will be required. Finally, patients with renal insufficiency 
have the 3 following basic options for imaging: (1) prophylactic medications prior to catheter 
angiogram with iodinated contrast media, (2) catheter angiogram using a non-renal toxic 
alternative contrast agent such as CO2 or gadolinium, or (3) gadolinium-enhanced MRA. 
 
 
 
Digital subtraction angiography (DSA) 
 
Conventional catheter angiography is the gold standard of vascular imaging modality, and 
continues to serve as the reference study to which all other imaging modalities are compared.  
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Currently, modern digital subtraction angiography (DSA) imaging chains produce the highest 
resolution (2K x 2K) images of the vasculature that can be reconstructed in 3-D with the use of 
rotational angiography protocols. However, catheter angiography is invasive (contrast media is 
injected into an artery or vein), time--consuming, and expensive. Major complications (which 
should not exceed 5%) include the following: groin hematoma; hemorrhage; puncture site 
pseudoaneurysm; vascular injury such as intimal dissection or perforation; catheter or guidewire-
induced atheromatous embolization, including stroke; contrast-induced nephrotoxicity; and allergy-
like adverse reactions to iodinated contrast media. Therefore, the decision to perform catheter 
angiography as the first vascular imaging test depends on patient characteristics and specific 
disease entities. 
 
Specific disease entities that are best interrogated with DSA include vasculitis, upper extremity 
ischemia, non-occlusive and thromboembolic mesenteric ischemia, cerebral ischemia and stroke, 
and small vessel atherosclerotic occlusive disease when a distal target for a surgical bypass graft 
must be characterized. These entities require optimal spatial resolution for diagnosis and 
treatment planning. 
 
An attractive component to DSA is the therapeutic endovascular option, which can be performed 
at the same sitting, adding only a small amount of time to the procedure. Carotid, subclavian, 
renal, mesenteric, aortic, and iliac artery stenting have been recognized as durable 
revascularization procedures. Femoral, popliteal, and tibioperoneal artery angioplasty can also be 
performed, with less success. In general, the more favorable and durable results with angioplasty 
or stenting are found in larger vessels, particularly above the level of the common femoral arteries, 
short segment stenoses or occlusions less than 3 cm in length, and non-calcified concentric 
lesions with less elastic recoil. Adjunctive therapies, such as cutting balloon angioplasty, 
cryoplasty, atherectomy, transcatheter embolization, covered stent (stent-graft) placement, and 
thrombolysis, can all be performed during the initial diagnostic DSA procedure as well. 
 
There are several strategies for patients with renal insufficiency who need a DSA with iodinated 
contrast media. Hydration before the procedure is important in patients at risk for all of the 
following protocols. Currently, a popular protocol for prophylaxis against contrast-induced 
nephrotoxicity consists of administering 3 cc/kg of sodium bicarbonate (154 mEq/L) for the hour 
before the procedure, and then 1 cc/kg per hour for 6 hours after the procedure. This solution can 
be roughly prepared by placing 3 ampules of sodium bicarbonate in 1 L of D5W, or it can be 
precisely ordered from the pharmacy at 154 mEq of sodium bicarbonate/L. Alternatively, the 
antioxidant, N-acetyl cysteine, can be administered orally the day before and the day after the 
procedure at a dose of 600 mg BID. Lastly, alternative contrast agents are often used in patients 
with renal insufficiency. Carbon dioxide (CO2) is commonly used and has not been associated 
with renal toxicity, even in patients with severe renal dysfunction. CO2 is readily available, 
inexpensive, and well-tolerated by patients. However, it produces less image contrast than 
standard iodinated agents, which may detract from its diagnostic utility. Gadolinium is also radio-
opaque, relatively nontoxic to the kidneys, and can also be used as an alternative contrast agent. 
 
Patient preparation before a DSA examination includes restriction to clear liquids after midnight, 
since intravenous conscious sedation will probably be administered. The patient should be well 
hydrated, if feasible. In addition, gastrointestinal barium studies, including CT scans, should be 
avoided for up to 1 week before the angiogram, if possible. 
 
CT angiography (CTA) 
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CT angiography (CTA) has experienced an explosion in technology over the past several years. 
Like catheter angiography, it requires an injection of iodinated contrast material, but it is injected in 
a tight bolus fashion intravenously through a peripheral intravenous cannula, with the CT scanning 
timed to occur during the arterial and/or venous phases. Multislice (the most advanced current 
scanners are 64 multislice) helical scanners can image the entire body within seconds and can 
create sections as thin as 0.4 mm through reformatting techniques. The vascular structures with a 
high concentration of iodinated contrast media are selected and 3-D data sets are reconstructed. 
The following rendering techniques are used: (1) maximum pixel intensity (MIP), which are most 
analogous to DSA images, (2) multiplanar reformat (MPR), which allows vascular structures to be 
viewed in different planes, (3) radial curved planar reformat (CPR), which will “straighten” out 
arteries in different planes, and (4) volume rendering, which allows for color shading and 
semitransparency). In general, CTA produces a higher spatial resolution image than MR 
angiography (MRA). In addition, CTA is isotropic, which improves 3-D reconstructions. 
 
In patients with normal renal function, CTA is the non-invasive vascular imaging procedure of 
choice. Specific disease entities that are best imaged with CTA include AAA (both initial diagnosis, 
follow-up, and pre-operative or pre-endograft planning), peripheral arterial aneurysm disease, 
vascular trauma, lower extremity peripheral vascular occlusive disease, proximal mesenteric 
ischemia, and renovascular disease. It may also be very helpful in carotid artery disease, thoracic 
outlet syndrome, and miscellaneous entities such as popliteal artery entrapment. 
 
If at all possible, patient preparation should include hydration prior to the procedure. Avoid 
gastrointestinal barium studies for at least 1 week prior to the CTA for best results. In patients with 
renal insufficiency, MRA should be considered, or prophylactic maneuvers, as described in the 
DSA section, should be used. 
 
Complications associated with CTA include contrast-induced nephrotoxicity, idiosyncratic “allergic” 
type adverse reactions to contrast media, and extravasation at the injection site. 
 
MRA 
 
In patients with renal insufficiency or a history of an adverse reaction to iodinated contrast media, 
MRA should be considered. There are many different MRA techniques, but 2-D and 3-D time-of-
flight and 3-D gadolinium-enhanced MRAs are the most common at our institution. Time-of-flight 
imaging is sometimes used for MR venography and is an older, more cumbersome method of 
visualizing the vasculature. Gadolinium-enhanced MRA requires the intravenous bolus injection of 
gadolinium, with imaging within the coronal plane occurring during the arterial, venous, and/or 
equilibrium phases. Similar to CTA, the bolus of contrast medium (gadolinium) can be followed 
down the arterial tree, beginning in the abdomen, continuing to the pelvis and thighs, and finally 
including the knees, calves, and feet. Also, like CTA, 3-D reconstructions can be created for 
easier viewing of the vascular tree. However, since the smallest imaging units (voxels) are not 
isotropic, the 3-D capabilities are somewhat limited compared to CTA. 
 
The best use for MRA includes vascular imaging in patients with underlying renal insufficiency. 
Specific disease entities best depicted with MRA are similar to those for CTA, although the spatial 
resolution for MRA is somewhat lower than that of CTA. 
 
Patient preparation for MRA is minimal. The patient will be placed into the bore of the magnet for a 
variable amount of time, so claustrophobia may need to be treated with sedatives. Complications 
include extravasation at the injection site. 
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Alternative paramagnetic contrast agents other than gadolinium are under investigation. In 
addition, a gadolinium chelate blood pool agent, MS-325 (Vasovist, Epix Medical) has the 
advantage of binding to albumin and remaining in the vessels for a long time. 
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