






Despite intensified medical therapy
and increased exercise, the patient’s
symptoms continued. He underwent
segmental Doppler pressure measure-
ments that predicted significant
superficial femoral artery (SFA)
disease on the right, which was
confirmed by angiography. He
successfully underwent percutaneous
intervention and we placed a self-
expanding nitinol stent in his right
SFA (Figure 2).

Nitinol is a nickel-titanium alloy
designed originally by NASA with a
thermal memory property to maintain its
shape optimally at human body
temperature. It is extremely flexible and
literally “springs” back to its designed
shape when distorted. These features
make it ideal for implantation in the
SFA, where maximal distortion occurs
normally during life activities. 

At six months’ follow up, the
patient continues to feel well, but his
golf game could still use some work.
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Figure 2. Right Superficial Femoral Artery 
Panel A demonstrates a diffuse severe, ulcerated, and calcified lesion in the right superficial
artery (SFA). The lesion is at the level of the adductor canal, where the 
vessel dives posteriorly to become the popliteal artery; this is a classic position for 
SFA to develop disease, as it is the site of the greatest longitudinal and torsional distortion
during normal activity. Panel B shows the same area after balloon angioplasty and stenting
with a nitinol self-expanding stent. The black bar indicates the stent length.
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A 74 year-old female with a long-
standing history of hypertension presents
for follow up of blood pressure control.
She has had hypertension for over 15
years, but it has become more difficult
to control recently. She has been on
hydrochlorothiazide 25mg, amlodipine
10mg, and aspirin 81mg. Three months
ago, metoprolol was added and
incrementally increased to 75mg bid.
Last month, her PCP also added the
clonidine patch, which at a dose of
0.3mg/day has resulted in improved
blood pressure control. She describes
feeling more tired but quickly dismisses
it as “old age”. There are no new
social stressors in her life; she does not
consume caffeinated beverages or
alcohol. She is a former smoker who
discontinued tobacco use ten years
ago. 

Physical examination demonstrates
blood pressure 138/88 in both arms
after resting for 5 minutes in the supine
position. There was no orthostatic
change. HR is 64, and RR is 18.
Jugular venous pressure is normal.
Carotid upstrokes are normal and
there are no bruits. Fundoscopic exam
shows A-V nicking. Her heart tones
include a new fourth heart sound with
normal S1 and physiologically split
S2. The PMI is normally located. Lungs
are clear. Abdominal pulsation is
normal to palpation and there is no
abdominal bruit. There is no
peripheral edema. Screening
neurologic exam is unremarkable.

HOW SHOULD THIS PATIENT 
BE MANAGED?

This patient presents with accelerating
hypertension and evidence of end-
organ damage by exam. Additional
testing to be considered are an ECG
and echocardiogram to evaluate for left
ventricular hypertrophy (as suggested by
the 4th heart sound) and urine dipstick
for microalbumin. Serum chemistry assay
should also be performed to evaluate
renal function. 

Her BUN and creatinine showed
moderate renal impairment with a BUN
of 24 and creatinine of 1.7mg/dl.
With these findings, the patient meets
several Class 1 guideline indications
for a diagnostic evaluation for renal
artery stenosis (RAS)(Figure 3). Options
to consider include ultrasonography,
computed tomography (CT), or magnetic
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resonance imaging (MRI). Institutional
experience with renal ultrasonography
varies; not all sonographers are skilled
at obtaining these challenging images,
and not all vascular physicians and
radiologists are comfortable interpreting
them.  However, in addition to being
relatively inexpensive, it does not
expose patients to the risks of iodinated
contrast (contrast nephropathy, allergy,
anaphylaxis) or gadolinium (nephrogenic
systemic fibrosis) that plague CT and
MRI, and done well, it provides high
sensitivity and specificity. We introduced
this service at the Pat and Jim Calhoun
Cardiology Center this summer, and
are proud to bring this valuable modality
to our patients at UConn Health Center.

This patient’s kidney size was
preserved bilaterally, and there was
mild cortical thinning consistent with
medical renal disease. Doppler
examination of the renal arteries
demonstrates markedly elevated peak
systolic flow velocities bilaterally, and
an increased ratio of renal to aortic
flow velocity consistent with hemo-
dynamically significant renal artery
stenosis (Figure 4).

Careful angiography confirmed
bilateral aorto-ostial >80% renal artery
stenoses. Percutaneous transluminal
angioplasty and stenting was performed
using cobalt chromium balloon-
expandable stents with complete
resolution of her lesions (Figure 5).  

This newer stent platform is desirable
as it is non-ferromagnetic and therefore
does not preclude future MRI scanning
for follow-up. 

She was hydrated and was
maintained on angiotensin-converting
enzyme (ACE) inhibition, with return of
her baseline renal function. Over the
ensuing three months, her blood
pressure was more easily controlled
allowing for simplification of her
medical regimen. In addition to the
above-stated care, the patient was

also seen and followed by the
Hypertension Service, and referred to
Ophthalmology for assessment of her
retinal changes.

Renal artery stenosis is an important
cause of secondary, accelerated-
malignant hypertension. It is especially
important to exclude in the elderly who
have new or recalcitrant hyper-tension,
or those below the age of 30 who
develop hypertension. In the younger
population, particularly females,
fibromuscular dysplasia (FMD) predom-
inates as the cause of reno-vascular 

hypertension. This form of renal
arterial disease responds well to
balloon angioplasty alone and typically
does not require stenting. FMD angio-
plasty generally results in cure of
hypertension. By contrast, atherosclerotic
renal artery stenosis is generally
superimposed on essential hypertension
and hypertension is rarely cured in this
setting, though improved control of
blood pressure and preservation of
renal function are achievable goals.
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Figure 3. Current Guidelines Indications for Diagnostic Testing for Renal Artery
Stenosis2.

CLASS I
1. Hypertension with onset before age 30 years.
2. Severe hypertension (As defined by JNC 73 ) after age

55 years.
3. Accelerating, previously well-controlled hypertension
4. Resistant hypertension (defined as failure to achieve

goals despite 3-drug regimen including a diuretic)
5. Hypertension with end-organ damage (acute renal

failure, heart failure, visual or neurologic disturbance,
retinopathy)

6. New azotemia or worsening renal function after
administration of ACE inhibitor or ARB.

7. Unexplained difference in kidney size >1.5 cm otherwise
detected.

8. Unexplained or sudden pulmonary edema.

CLASS IIa
1. Unexplained renal failure, including at the onset of renal

replacement therapy.

ACE = Angiotensin converting enzyme
ARB = Angiotensin receptor blocker
JNC = Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of  High Blood Pressure3
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Figure 4. Renal Arterial Duplex Scan.  
In the transverse imaging plane, the left renal artery is imaged as it exits the aorta (Ao) and courses towards the left
kidney (Kid). Doppler analysis demonstrates marked turbulence in the proximal artery as well as arterial narrowing.

Spectral Doppler interrogation of the ostium of the renal artery shows that the velocity of the blood is markedly
elevated, with peak velocity of over 360cm/s. When the ratio of the renal velocity to aortic velocity is greater than
3.3 (3.5 in this case), the diagnosis of RAS is clinched. Supportive evidence includes renal arterial flow velocity
greater than 200 cm/s and specific abnormalities the spectral waveform profile.
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Figure 5. Renal Artery Angiography and Intervention.
Severe ostial left renal artery stenosis. Atherosclerotic renal artery stenosis typically involves the aorto-ostial aspect of
the vessel, reflecting its systemic disease pathology, whereas fibromuscular dysplasia, more commonly associated
with renal stenosis in young women, typically affects the mid to distal vessel.

Successful stenting of the renal ostium results in resolution of angiographic stenosis and the accompanying 
trans-lesion pressure gradient. This patient had a similar lesion and result in the right renal artery.
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A 74 year-old man presents to the
cardiology clinic with complaints of
chest pressure on exertion. He has
noted this for several months, with
recent worsening of symptoms,
coming on with decreasing amounts of
exertion. Additional somatic
complaints include shortness of breath,
dizziness, and light-headedness with
exertion. As a result of his symptoms,
he has markedly decreased his
ambulation. He also noted symptoms
of bilateral calf claudication, which
had been stable for many years. As a
result of these symptoms, and some
arthritis, he uses a cane in his right
hand.

Past history includes coronary
artery disease with previous anterior
myocardial infarction treated with an
LAD stent, hypertension, tobacco use,
and reflux disease. Family history was
positive for aggressive coronary
disease among smokers. Current
medications include aspirin 325mg,
amlodipine 10mg and HCTZ 25mg.

Physical exam revealed HR 64,
blood pressure of 114/70, and RR of
14. The venous pressure was normal,
and there were no carotid bruits. The
PMI was in the mid-clavicular line.
Heart sounds were normal. Abdominal
exam revealed no masses or bruits,
and femoral and pedal pulses were
intact. The knee and hip exam showed
mild arthritic changes and a preserved
range of motion. The patients’ gait was
not antalgic, but was slow and
somewhat unsteady. An ECG showed
normal sinus rhythm and leftward axis
deviation. 
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Figure 6. RABI and Segmental Pressures.

Testing demonstrated a marked gradient between the arms
(arrows) with relatively preserved ABIs.



HOW SHOULD THIS PATIENT 
BE MANAGED?

This patient has obvious risk factors
for vascular, coronary and extremity
disease. But in addition to the tobacco
use, hypertension and history, there are
more subtle points. The vignette only
includes one (normal) blood pressure,
which in this case was in his right arm.
In fact, a more careful exam showed
asymmetry in the radial pulses, and
there was a marked gradient between
his arms, with his left arm reading
148/84. This not only demonstrated
imperfect blood pressure control, but
also pointed to a likely right subclavian
artery lesion. Finally, the screening
orthopedic exam suggested that his
abnormal ambulation was not due to
arthritis, so an alternative explanation
needed to be sought.

Paradoxically, his cane use actually
worsens his weakness and dizziness
rather than helping it. In the presence of
a severe proximal subclavian artery
lesion, vertebral artery flow may
become retrograde (away from the
brain) to perfuse the arm. When the
metabolic demand of the arm increase,
the flow away from the posterior cerebral
circulation can increase and cause
hypoperfusion of the cerebellum and
posterior cortex, creating so-called
“subclavian steal syndrome”. Symptoms
related to vertebro-basilar arterial
insufficiency are often vague or
atypical, but can be generally classified
as transient cerebral ischemia without
loss of consciousness (monocular
blindness, speech disturbance, hemiplegia,
hemianaesthesia, diplopia, and ataxia,
among others).

Given the history and physical
exam findings, the patient was sent for
resting ABI/PVR testing with segmental
pressures, which confirmed the
brachial blood pressure gradient and
suggested only mild lower extremity
arterial disease (Figure 6). The patient
was not able to perform stress ABI
testing due to gait instability. 

He was taken to the cardiovascular
catheterization laboratory, where
critical disease in the left circumflex
artery was found and treated with a
drug-eluting stent. His LAD stent was
widely patent. Aortic arch angiography
demonstrated the near-absence of a
right subclavian artery, so selective
angiography of the right upper
extremity was performed. Severe 

proximal subclavian artery disease
was found just after the bifurcation of
the brachiocephalic into the common
carotid and the subclavian (Figure 7A).
On the diagnostic images, late,
retrograde filling of the subclavian
was seen via collaterals from the
vertebral and the inferior thyroid
arteries, confirming subclavian steal
physiology (Figure 7B). The subclavian
was successfully dilated and stented
with return of antegrade flow in all
vessels and an equalization of
brachial blood pressures (Figure 7C).
Lower extremity angiography confirmed
only mild abnormalities.

At follow up, the patient’s chest
pressure had resolved, and he has
stopped “relying” on his cane.
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Figure 7A. Right Brachiocephalic Artery.

Right 
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Digital subtraction angiography of the Right Brachiocephalic Artery (BCA) as it
bifurcates into right common carotid (RCC) and right subclavian (RSC) arteries. A
severe, ostial lesion of the RSC, with plaque mass extending into the distal BCA is
seen. Antegrade flow down the RSC is reduced, and no evidence of right vertebral
artery, thyrocervical trunk, or right internal mammary artery flow is seen.  
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Figure 7B. Late filling.

In the moments following the washout of the antegrade
injection, retrograde filling of the right subclavian was
seen via collaterals (right vertebral and right inferior
thyroid) that entered the subclavian distal to the lesion. 

Figure 7C. After Balloon Angioplasty and Stenting.

Following balloon angioplasty and stenting, normal,
antegrade flow is restored into the right subclavian artery,
with subsequent normalization of flow into right vertebral
artery, thyrocervical trunk and branches, and internal
mammary artery. The stent was positioned at the ostium 
of the subclavian artery and terminates before the origins
of its first branch (the vertebral artery). The black bar
indicates the length of the stent. A small plaque that
extended into the brachiocephalic artery could not be
covered because of concern that the ostium of the common
carotid artery would be compromised. Trans-lesion pressure
measurement proved that this small plaque was of no
hemodynamic significance.

Vertebral
Artery

Inferior
Thyroid
Artery

Questions or comments about these, or other cases involving peripheral arterial disease? Please feel free to contact me 
at the Pat and Jim Calhoun Cardiology Center. Additionally, academic case discussions such as these are held at our
bimonthly combined Vascular Conference. Please contact Maritza Barta (extension 2771) in the Division of Cardiology
for an updated calendar of dates. I look forward to working with you.

Kanwar P. Singh, MD, Assistant Professor of Medicine, Director, Vascular Medicine and Intervention, 679-2828
(cath lab office), 679-3343 (appointments), ksingh@uchc.edu 
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The focus of this essay is not, as has
been my practice, an original scientific
report, but instead a review of a newly
discovered mechanism that regulates
gene expression.1 I have chosen to
highlight this review for two reasons.
The first is the importance of the topic,
regulation of cell size, shape, and
composition by strands of non-coding
RNA that, because of their small size,
are called microRNAs (miRNAs); the
second is that this review illustrates the
rapidity with which new basic science
discoveries are being applied to patient
care.

The ability of microRNAs to modify
gene expression is an example of
epigenetic regulation. Unlike the more
familiar genomic mechanisms, which
modify phenotype by targeting
processes related to DNA transcription,
epigenetic mechanisms influence the
synthesis of new proteins in steps that
occur after information encoded in the
base pair sequences of genomic DNA
has been transcribed into RNA.
Inhibition of translation by microRNAs
(called RNA interference or RNAi)
occurs when short segments of non-
coding RNA blunt the ability of
messenger RNA to direct protein
synthesis. The inhibitory RNA fragments
are cleaved from RNA precursors
synthesized in the nucleus that, after
transport to the cytoplasm, are
hydrolyzed to form the shortened
double-stranded ~22 nucleotide
microRNAs. MicroRNAs selectively
inhibit protein synthesis after they form
complexes with regulatory proteins that
allow them to silence the translation of
specific ribosomal RNA sequences. The
high specificity of this inhibition allows
different microRNAs to target selected
steps in gene expression.

The importance of these regulatory
mechanisms in cardiovascular disease
became apparent during the past year,
when microRNAs were found to play a
role in the pathogenesis of congenital
ventricular septal defects, modify
cardiac impulse conduction, and
regulate the hypertrophic response in
damaged and failing hearts.1

MicroRNAs can inhibit overexpression
of the Beta-myosin heavy chain isoform
in pressure-overloaded hearts and both
stimulate and inhibit the development of
cardiac hypertrophy. The practical
importance of these epigenetic
mechanisms lies in the ability of
inhibitory RNAs obtained from both
endogenous and exogenous sources to
target specific reactions involved in
human disease. Synthetic microRNAs,
called small interfering (si)RNAs, are
readily prepared in vitro and have
already shown considerable promise in
treating infectious and autoimmune
diseases by inhibiting specific signaling
pathways. 

Understanding of the role of
epigenetic mechanisms in human
disease is still in its infancy, and it has
been less than ten years since
microRNAs were found to inhibit
(“silence”) RNA translation. As is often
the case, the original discoveries were
made in an animal model, in this case
a microscopic roundworm called
Caenorhabditis elegans, commonly
referred to as “c. elegans”. The ability
of microRNAs to influence congenital
heart disease, arrhythmias, and the
hypertrophic response in failing hearts
makes it likely that these newly
discovered mechanisms will have a
major impact on the diagnosis and
treatment of cardiovascular diseases.
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Studies and Awards 
selected examples

n Zhang, J-G., Wang, R., Zambraski, E., Wu,
D., Jacobson, K.A., Liang, B.T. Protective
Roles of Adenosine A1, A2A, and A3
Receptors in Skeletal Muscle Ischemia and
Reperfusion Injury. Am. J. Physiol. Heart &
Circ. Physiol. 293(6): H3685-91, 2007.

n Pappano A, and Levy, MN. Cardiovascular
Physiology, Elsevier, 2007.

n White WB. Blood pressure Monitoring in
Cardiovascular Medicine (2nd Edition),
Springer-verlag press (Totowa, NJ), 2007
500 pages

n Boxer RS, Wang Z, Walsh SJ, Hager D,
Kenny AM, The Utilitiy of the 6-Minute Walk
Test as a Measure of Frailty in Older Adults
with Heart Failure, American J of Geriatric
Cardiology 2008; 17:7-12.

n Park B, Mavanur A, Drezner AD, Gallagher
J, Menzoian JO. The clinic impact of
chronic renal insufficiency on endovascular
aneurysm repair (EVAR) Vasc and Endovasc
Surg 2007;40:437-445

n Menzoian JO. Invited Commentary in
Outlooks series for Perspectives in Vascular
and Endovascular Therapy. Risk factors for
progression of peripheral arterial disease in
large and small vessels. Perspectives in
Vascular Surgery and Endovascular Therapy
2006;18:344-346.

n Grand Rounds on Screening Guidelines for
Abdominal Aortic Aneurysm Disease by Dr.
James Menzoian at Greater Hartford
Nephrology Conference, St. Vincent’s
Hospital, Charlotte Hungerford Hospital

n Mechanism of Myocardial Angiogenesis in
Transgenic/Knockout Animals,
1R01HL085804-01, Dr. Nilanjana Maulik

n Contingency management and
pharmacotherapy for smoking cessation -
effects on 24 hour blood pressure, Patrick
and Catherine Weldon Donaghue
Foundation. Drs. William White, Nancy
Petry, S. Alessi.

n IMPROVE-IT A Multicenter, Double-Blind,
Randomized Study to Establish the Clinical
Benefit and Safety of Vytorin
(Ezetimibe/Simvastatin Tablet) vs. Simvastatin
Monotherapy in High-Risk Subjects
Presenting with Acute Coronary Syndrome,
Schering-Plough Research Institute, Dr.
Michael Azrin.

n CRESCENDO-Randomized,multinational,
multicenter, double-blind, placebo controlled,
two-arm parallel group trial of rimonabant
20-mg OD for reducing the risk of major
cardiovascular events in abdominally obese
patients with clustering risk factors. Principal

Investigator at University of Connecticut
Health Center, Dr. Michael Azrin. 

n Champion Platform: A clinical trial
comparing treatment with cangrelor (in
Combination with usual care) to usual care,
in subjects who require percutaneous
coronary intervention. Principal Investigator
at University of Connecticut Health Center,
Dr. Michael Azrin.

n The EXACT Study, a post FDA device
approval trial for the EXACT carotid stent, 
Dr. Michael Dahn

n Persantine: Variation in Response, Department
of Defense, Drs. Michael Azrin and Bruce T.
Liang.

n Effects of potassium alginate on ambulatory
blood pressure in subjects with prehypertension"
– Ocean Nutrition Canada, Dr. William White

n TOPCAT, “Treatment of Preserved Cardiac
Function with an Aldosterone AnTagonist”,
an NIH sponsored trial on aldactone and
cardiac mortality in patients with EF > 45%,
Dr. Dave Hager

n New Inflammatory Markers in Human
Atherosclerotic Plaques, Drs. Liang,
Menzoian, Dahn, Bhimidi, Samee. 

n Novel Circulating Marker for Acute Heart
Failure, Drs. Liang, Hager et al

n Dr. Schulman was named a “Top Doctor” in
Cardiology in July issue of Hartford
Magazine

n Dr. Michael Dahn received training and is
initiating a new approach to treatment of
descending thoracic aneurysm with Gore
Thoracic Aortic Graft via an endovascular
percutaneous approach

Noteworthy Events
n Second UConn Valve Symposium: May

15th, 2008 (noon-6 pm), Low Learning
Center (call 860-679-7541 for rsvp)

n Cardiovascular Grand Rounds (8-9 am in
Link Room):

n Dr. David Hager, University of
Connecticut Health Center, Heart Failure
with Preserved Systolic Function, January
16th, 2008.

n Dr. Arnold Katz, University of Connecticut
Health Center, The Healing Art and
Scientific Medicine In Ancient Greece,
February 6th, 2008

n Dr. Peter Schulman, University of
Connecticut Health Center, Preoperative
Assessment of the Cardiac Patient for
Non-Cardiac Surgery, March 19th,
2008

n Dr. Michael Picard, Massachusetts
General Hospital, title TBA, April 2nd,
2008

n Dr. Benjamin Cheong, Texas Heart
Institute, title TBA, April 16th, 2008

n Dr. William Little, Wake Forest University,
title TBA, May 21st, 2008.

n Citywide Conferences: Every 2nd Friday at
7:30 am, C2136, contact Ms. Barta 
860-679-2771.

Physicians and Surgeons
n Cardiologists, Electrophysiologist (679-3343

or 2626), and Interventionalists (679-2828)
Dr. Michael Azrin
Dr. David Hager
Dr. Moz Karimeddini
Dr. Bruce T. Liang
Dr. Peter Schulman
Dr. Kanwar Singh
Mr. Brad Biskup, PA
Mr. Scott Harrison, PA
Ms. Marybeth Barry, APRN
Ms. Jill Panetta, APRN

n Hypertension Specialists (679-3343)
Dr. William White
Dr. Apurv Khanna
Dr. Beatriz Tendler

n CT Surgeons (679-3343 or 2626)
Dr. Daniel Fusco
Dr. Jonathan Hammond
Dr. Paul Preissler
Dr. David Underhill
Ms. Dorota Pawlak, APRN
Ms. Theresa Barnett, APRN

n Vascular Surgeons
Dr. Michael Dahn (679-3540 or 4801)
Dr. James Menzoian (679-3540 or 4801)
Dr. David Underhill (679-3343)

n Grove Hill Cardiologists (223-0220)
Dr. Sanjayant Chamakura
Dr. Alan Kudler
Dr. Jared Insel
Dr. Jan Paris
Dr. Morgan Werner

Scientists
Dr. Dipak Das
Dr. Kimberley Dodge
Dr. Bruce T. Liang
Dr. Nilanjana Maulik
Dr. Achilles Pappano
Dr. Jian-bing Shen
Dr. Lixia Yue

 




