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DR. DANIEL SIMON: I am here today with two experts in 
blood transfusion. Dr. Ed Avery is the Chief Anesthesia 
Officer in the UH Harrington Heart & Vascular Institute, 
and Dr. Jonathan Stamler is the Director of the Harrington 
Discovery Institute at University Hospitals in Cleveland, 
Ohio – part of The Harrington Project for Discovery & 
Development. Blood transfusion is one of the most common 
medical procedures, yet there are still many questions and 
uncertainties regarding transfusion. Most importantly, 
transfusion is associated with major adverse cardiovascular 
events and a late mortality hazard in many observational 
studies. Jonathan, take us through the physiology of 
transfusion. Why do we transfuse packed red blood cells?  

DR. JONATHAN STAMLER: We primarily transfuse in order 
to increase oxygen delivery to end organs – at least that is 
the idea behind transfusion. I emphasize “oxygen delivery to 
end organs” because this is determined by both hemoglobin 
concentration (the equivalent of the oxygen content of 
blood) as well as tissue blood flow. Our basic research 
has shown that hemoglobin, the most studied protein in 
medicine, actually carries a third gas in addition to oxygen 
and carbon dioxide. This third gas, nitric oxide, interacts 
with an essential (cysteine) residue in hemoglobin through 
a process called S-nitrosylation to determine blood flow in 
tissues. In other words, the nitric oxide component of blood 
controls blood flow. We routinely measure the oxygen, 
but not the nitric oxide – i.e., the blood flow-regulatory – 
content of blood.

DR. SIMON: Wow, this is more complicated than I thought. 
I focused on hemoglobin and oxygen content and neglected 
the importance of blood flow. Jonathan, does that mean that 
under certain conditions, transfusion can adversely affect 
oxygen delivery and may actually lead to tissue ischemia?

DR. STAMLER: Precisely, Dan. In large animal models of 
transfusion, we have shown that the nitric oxide-bound 
form of hemoglobin, which we call SNO-hemoglobin 
(S-nitrosylated hemoglobin), falls rapidly with blood storage, 
that transfusion of SNO-depleted blood impairs end-
organ oxygenation and that tissue oxygen delivery can be 
optimized by re-nitrosylation of hemoglobin. Without the 
nitric oxide, blood transfusion actually impairs blood flow  
in the tissues. 

DR. SIMON: Ed, does the age of stored red blood cells affect 
the patients who are transfused with them? 

DR. ED AVERY: The existing literature has not been able to 
address this question effectively. There are studies suggesting 
that use of older blood is associated with increased morbidity 
and mortality, while more recent studies find no such 
associations. The RECESS trial in a cardiovascular cohort, 
which was recently published in The New England Journal  
of Medicine, did not find a difference in morbidity using a 
multi-organ dysfunction score. 

DR. SIMON: What do contemporary red blood 
cell transfusion guidelines recommend as trigger   
hemoglobin value?

DR. AVERY: Consideration of the individual patient’s 
clinical situation is always the most important factor when 
contemplating a red blood cell transfusion. It is not by any 
means a “one- size-fits-all” situation. Most patients will 
tolerate hemoglobin levels down to 7 g/dL. It is important 
to determine if the euvolemic hemoglobin value is associated 
with any evidence of active end organ ischemia. Under 
such circumstances, acute coronary syndrome, for example, 
8g/dL may be the more appropriate cutoff. Acute loss of 
modest amounts of blood (two to four units) does not 
always necessitate red blood cell transfusion, as there is 
little evidence that transfusion in this setting is beneficial. 
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TRANSFUSION

Infusion of colloidal or crystalloid solutions in conjunction 
with administration of IV vasopressors can help stabilize 
hemodynamics until the patient’s red cell mass can be  
accurately assessed. 

DR. SIMON: What are the potential downsides of transfusion?

DR. AVERY: Administration of red blood cells has been 
associated with poor outcomes, including increased major 
adverse cardiovascular events, renal failure, multi-organ failure, 
on-ventilator times, hospital stay and all-cause mortality in 
many observational studies. However, it is not completely clear 
that patient selection did not play a part in this association. 
Small prospective randomized clinical trial data exist that 
indicate increased cardiac events and death causally linked to 
transfusion, as well as data that suggest that transfusion may 
have benefit. But again, these are very small trials. Overall, the 
data suggest that restrictive rather than liberal transfusion does 
not negatively impact cardiovascular morbidity and mortality. 
I believe that clinical trial data are inconclusive – definitive, 
adequately powered, randomized controlled trials have not been 
completed to date.

DR. SIMON: What is the most likely mechanism for transfusions 
of red blood cells causing morbidity and mortality?

DR. AVERY: The transfusion of red blood cells causes an 
inflammatory reaction that affects vascular endothelium, 
resulting in endothelial injury and dysfunction. Ultimately, this 
endothelial dysfunction compromises vital organ blood flow. 

DR. STAMLER: I would argue that the clinical results, which 
indicate little benefit and even adverse effects, are best 
rationalized in terms of the effect of transfusion on oxygen 
delivery to end organs. Remarkably, no studies have shown 
that transfusion improves oxygen delivery to tissues, and 
accumulating evidence indicates that transfusion may worsen 
oxygen delivery. Therefore, it should be no surprise that 
transfusion can have detrimental effects on the heart. The key 
question is why transfused blood behaves differently than blood 
in our veins. This can be best understood by appreciating that 
transfused blood is deficient in nitric oxide (SNO-hemoglobin), 
which is depleted during storage. 

DR. SIMON: Are there effective alternatives to red blood cell 
transfusion that are used in the perioperative period?

DR. AVERY: Yes, there are techniques that we use to try 
to optimize and protect our patients’ red cell mass. These 
techniques fall under the category of “Patient Blood 
Management” and may include use of cell salvage devices 
(cell saver), acute normovolemic hemodilution, controlled 
hypotension, use of topical hemostatic agents and fibrin 
sealants, and pharmacologic transfusion adjuncts.
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UH experts weigh in on the uncertainties

The commitment to exceptional patient care begins with revolutionary discovery. University 
Hospitals Case Medical Center is the primary affiliate of Case Western Reserve University 
School of Medicine, a national leader in medical research and education and consistently 
ranked among the top research medical schools in the country by U.S. News & World 
Report. Through their faculty appointments at Case Western Reserve University School 
of Medicine, physicians at UH Case Medical Center are advancing medical care through 
innovative research and discovery that bring the latest treatment options to patients.

View the full discussion at: UHhospitals.org/CardiologyQA
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The HIV/AIDS epidemic in sub-Saharan 
Africa, for all of its devastation, has 
resulted in health care infrastructure 
that didn’t exist before, with a better-
trained workforce, as well as increased 
numbers of health care facilities. In 
Uganda, in particular, the results of this 
investment are clear. HIV prevalence 
in Uganda has fallen from a peak of 
25 to 30 percent in major urban areas 
to now less than 7 percent nationally. 
Nearly half of Ugandan patients with 
HIV who qualify for treatment are 
currently receiving it. Advances and 
expansion in antiretroviral therapy, 
too, have changed the equation, 
recasting HIV as a chronic condition 
rather than a death sentence.

“We can take lessons learned from HIV and apply them to this chronic disease,” Dr. Longenecker says. 
“Knowing the barriers and facilitating factors is critical. We’ve shown that when you work intensively  
  on addressing them, you can achieve much better results.”

HIV-AIDS: EXPLORING THE 
CARDIOVASCULAR CONSEQUENCES
Dr. Longenecker is a recognized expert on the cardiovascular 
consequences of HIV/AIDS, with more than 50 publications 
and presentations on the topic to his name. As an offshoot 
to the RHD project in Uganda, he and American and 
Ugandan colleagues are exploring the unique factors that 
contribute to heart disease in the HIV population in Uganda.

“We know that patients with HIV infection are more prone to 
heart attack, heart failure, stroke and atrial fibrillation,” he 
says. “But more research in this area needs to be conducted 
in sub-Saharan Africa where we see the greatest burden of 
HIV/AIDS.”

With the support of a grant from the National Institutes of 
Health, Dr. Longenecker and colleagues are examining how 
unique environmental factors in Uganda interact with HIV to 
cause cardiac dysfunction through pathways of inflammation 
and immune activation. They’re also studying whether HIV 
infection affects the risk of developing RHD, perhaps by 
causing changes in the inflammatory auto-immune response.  
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For a group of cardiologists at University Hospitals 
Harrington Heart & Vascular Institute and Case Western 
Reserve University School of Medicine, these changes 
sparked an idea. Could the existing HIV-AIDS infrastructure 
in Uganda be put to an additional purpose? The group had 
worked previously in Uganda, receiving grant support from 
the National Heart, Lung and Blood Institute and Fogarty 
International to help develop the cardiovascular workforce 
there – the principal American team doing so.

With the support of a $1.3 million grant from Medtronic 
Philanthropy to the School of Medicine, the UH-School of 
Medicine team aims to find out.

“The idea of our program is to leverage this HIV/AIDS 
infrastructure that has been built up with money from 
the West and is now really great,” says Christopher 
Longenecker, MD, one of the cardiologists leading the 
project. Marco Costa, MD, PhD, MBA, who is Chief 
Innovation Officer at UH, is co-principal investigator;  
Daniel Simon, MD, President of Harrington Heart & 
Vascular Institute, is project director.

Rheumatic heart disease (RHD) is the test case. Although 
it is now rarely seen in developed countries, it remains a 
leading cause of cardiovascular morbidity and mortality 
in resource-limited settings, affecting more than 1 million 
children in sub-Saharan Africa alone.

“The number that is quoted most often is 350,000 deaths 
per year worldwide,” Dr. Longenecker says. “It’s a huge 
problem.” Rheumatic fever may occur in children after 
Group A Streptococcus infections and typically resolves, 
but repeated episodes can result in RHD, often striking 
adults in their 20s. 

“When a disease hits people in these years, the burden to 
society is even greater when you consider the economic 
losses,” he says. “To be able to alter the course of that 
disease can have great economic consequences for the 
development of a country. There’s a personal health 
benefit, of course, but also a societal benefit.” 

The five-year UH-School of Medicine project to combat 
RHD is multifaceted, involving the Ugandan Ministry of 

Health, the Ugandan Heart Institute, the Joint Clinical 
Research Centre (an HIV/AIDS research and treatment 
organization), Mbarara Regional Referral Hospital and other 
regional health care facilities, as well as collaborators from 
Children’s National Medical Center in Washington, DC. 

To screen for undiagnosed RHD, the joint UH-School of 
Medicine team has done more than 7,000 echocardiograms 
in Ugandan children in the past 18 months, identifying 
those who need the recommended treatment of a monthly 
injection of benzathine penicillin G. Team members are 
also piloting an educational project in a Ugandan school, 
identifying best practices for communicating about the risks 
of RHD in an effective, culturally sensitive way. The goal is 
to use this information to guide development of a primary 
prevention program, providing treatment to children who 
present with a sore throat.

“We need to figure out low-cost strategies,”  
Dr. Longenecker says. “We could consider using a  
clinical decision rule, based on signs and symptoms  
that the child has, and decide how likely it is to be  
strep throat and provide treatment.”

The UH-School of Medicine RHD program also includes 
a disease registry and efforts to build capacity in the 
Ugandan workforce. Ugandan physicians visit UH Case 
Medical Center for training in interventional cardiology 
procedures, while the UH-School of Medicine team travels 
to Uganda two or three times a year to provide on-site 
training in interventional cardiology and echocardiography. 
In fact, UH cardiologists Dr. Simon and Marco Costa, MD, 
performed the first mitral valve, coronary and peripheral 
vascular interventions in Uganda in 2012. The first 
Ugandan interventional cardiologist to perform procedures 
independently was trained at UH.  

Research into the reasons for treatment noncompliance 
with penicillin prophylaxis is also under way. Preliminary 
work, presented by Dr. Longenecker at the American Heart 
Association Scientific Sessions and the World Congress of 
Cardiology, has shown that virtually all Ugandan children at 
risk for RHD can be linked to care, but only about one-third 
of these children are retained in care. The team has also 

published its research on barriers and facilitators to RHD 
care in the journal Global Heart.

With many stakeholders and moving parts, coordinating 
the program is a challenge, Dr. Longenecker says. 
However, he’s quick to add that the program’s complexity 
is also its greatest strength.

“It’s critical that we are working with all these different 
players,” he says. “It’s important for ensuring the 
program’s sustainability. Our purpose is not just to do a 
project and learn a little bit about RHD from a research 
perspective. We’re trying to revolutionize how patients 
with RHD are cared for in Uganda.”  

For more information on this program,  
contact Dr. Longenecker at  
Christopher.Longenecker@UHhospitals.org.
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A. Carotid angiography reveals a high grade proximal internal  
     carotid artery lesion.  

B.  Using transcarotid access and the MICHI device, carotid artery  
     stenting was performed with a successful technical result. The  
     patient was discharged the next day and has had no neurological  
     events after stenting.

CAROTID 
Controversy
UH participating in pivotal clinical trials 
of different approaches to carotid artery stenosis

Percutaneous carotid artery stenting has been a treatment 
option for patients for approximately 10 years. Nevertheless, 
disagreement about the procedure persists, especially about 
whether stenting is appropriate for asymptomatic patients.

“We’ve been looking at this very closely for a long time, and 
still there is debate about whether stenting is beneficial when 
compared with carotid endarterectomy for these patients,” says 
Vikram Kashyap, MD, Division Chief of Vascular Surgery 
and Endovascular Therapy and Co-Chair of the University 
Hospitals Harrington Heart & Vascular Institute’s Clinical 
Executive Committee.
To add to the knowledge base, Dr. Kashyap and his UH 
vascular surgery team are participating in the Carotid 
Revascularization for Primary Prevention of Stroke (CREST 
2) trial, supported by the National Institutes of Health. The 
large, prospective, randomized trial has two arms. The first is 
comparing carotid endarterectomy plus best medical therapy 
to best medical therapy alone. The second is measuring best 
medical therapy against carotid artery stenting plus best 
medical therapy. Patients enrolled in the CREST 2 trial are 
asymptomatic, but have high-grade carotid stenosis. 

Investigators at UH are following these patients for four years, 
documenting stroke or death in the first 44 days after any 
procedure, as well as later ipsilateral strokes and changes in 
cognitive function. 

Dr. Kashyap says he hopes the CREST 2 trial will provide some 
clarity on the carotid artery controversy. 

“It is pretty clear that patients who have had a stroke or TIA 
do benefit very significantly from having the carotid artery 
treated,” he says. “That data goes back over 20 years. But,  
in patients without symptoms who have a high-grade 
blockage, whether surgical or endovascular treatment is 
beneficial is still a little bit up in the air since medical therapy 
has improved and may lessen the risk of stroke in patients 
with carotid stenosis.”

Trans-carotid Stenting

Vascular surgeons at UH are also participating in the 
ROADSTER trial of an investigational device used during  
trans-carotid stenting.

“Traditionally with carotid stenting, we’ve gone through the 
groin, just like a coronary catheterization,” Dr. Kashyap says. 

“The new way is the trans-carotid approach. We make a small 
incision in the neck. It’s a much more direct approach.”

 
The investigational device, called the MICHI system and 
manufactured by Silk Road Medical, Inc., includes one sheath 
placed in the common carotid artery below the bifurcation 
and a second sheath placed in a femoral vein. The sheaths are 
connected to each other with a flow controller unit, which 
contains a 200-micron filter. When connected, the MICHI 
system reverses the flow of blood in the carotid artery. Any 
debris from stent deployment is caught in the filter before the 
blood is returned to the patient via the femoral venous sheath.

“This approach can minimize the risk of embolization because 
one can avoid catheter manipulation in the aortic arch,” 
Dr. Kashyap says. “In addition, all interventions, including 
guidewire traversal of the lesion and stent deployment, are 
done with robust flow reversal that carries any emboli away 
from the brain.” 

Indicated for high-surgical-risk patients, the MICHI system 
received CE Mark approval in Europe in 2012 and recently 
received premarket approval from the U.S. Food and Drug 
Administration. Preliminary results of the ROADSTER trial, 
presented at the 2014 Vascular InterVentional Advances 
meeting and the 2015 International Symposium on 
Endovascular Therapy, showed a 30-day stroke rate of 
1.4 percent – lower than that seen in the CREST trial and 
comparable to the stroke rate for standard-risk patients.

UH continues to enroll patients in the ROADSTER trial,  
but Dr. Kashyap says the initial results are promising.

“This may be a good option for our highest-risk patients,”  
he says. 
 
For more information on these or other vascular surgery 
trials at UH or to refer a patient, call 216-844-3800.
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THE GROWING COMORBIDITIES OF PATIENTS 
RECEIVING CARDIAC IMPLANTABLE ELECTRONIC 
DEVICES (CIEDS), INCLUDING PACEMAKERS AND 
IMPLANTABLE CARDIOVERTER DEFIBRILLATORS, 
ARE CONTRIBUTING TO A RISE IN CIED-
ASSOCIATED INFECTIONS.

“Infections associated with CIEDs have increased in recent  
years by about 300 percent,” says Harish Manyam, MD,  
a cardiac electrophysiologist at University Hospitals Harrington 
Heart & Vascular Institute. “We think the reason is that  
we’re seeing more and more patients with comorbid factors, 
such as diabetes, renal failure, prior infections and history  
of steroid use.”

These infections exact a high price, both in human and 
economic terms. When infections become systemic, mortality 
can reach 20 percent and per-patient costs can range between 
$70,000 and $100,000, Dr. Manyam says. 

“The infection risk for device implants is just under 1 percent, 
so to assess the impact of any change in operating procedure, 
many patients will need to be enrolled,” adds Judith Mackall, 
MD, Director of the Electrophysiology Fellowship Program at  
UH Harrington Heart & Vascular Institute. “The treatment 
of device infection requires removal of the entire system, a 
complex procedure. We have a responsibility to help find 
solutions to this difficult problem.” 
 
 

For its part, the UH electrophysiology team is addressing the 
issue by participating in a large, international clinical trial of a 
newly approved infection control device. The TYRX envelope, 
approved by the U.S. Food and Drug Administration (FDA) in 
2013 and manufactured by Medtronic, houses the pacemaker 
or ICD when it is implanted in the patient and releases 
antimicrobial minocycline and rifampin over a minimum of 
seven days. After about nine weeks, the mesh envelope is fully 
absorbed by the body. 

A nonabsorbable version of the TYRX envelope was approved 
by the FDA in 2008, and short-term retrospective studies of the 
device have been encouraging. In general, the infection rates 
among patients receiving the TYRX envelope have been 60 to 
70 percent lower than those among patients not receiving the 
envelope, with one study showing a reduction as high as 90 
percent. In addition, two prospective, cohort studies comparing 
TYRX patients to published controls and case-matched controls 
have shown reductions in infection approaching 90 percent.

HARISH MANYAM, MD
Cardiac Electrophysiologist,
UH Harrington Heart & Vascular Institute
Assistant Professor of Medicine,
Case Western Reserve University 
School of Medicine

UH participating in large international  
trial of novel infection-control intervention

The new trial, dubbed WRAP-IT for Worldwide Randomized 
Antibiotic EnveloPe Infection PrevenTion, is a 225-site, 
prospective study of how the TYRX envelope affects 
infection rates associated with CIEDs – as well as their 
associated costs. Nearly 8,000 patients worldwide are 
being randomized in a 1:1 ratio to either receive the 
TYRX envelope or not receive it. Patients receiving a first-
time device for cardiac resynchronization therapy with 
defibrillation (CRT-D) are eligible for the study, as are patients 
receiving a replacement, system revision or generator 
upgrade for an existing implantable pulse generator (IPG), 
cardiac resynchronization therapy pacemaker (CRT-P), 
implantable cardioverter defibrillator (ICD) or CRT-D. 

“With the newly implanted devices, we’re focusing primarily 
on CRT-Ds,” Dr. Manyam says. “These devices have the 
most leads, and we know that the more leads you have, the 
higher the risk of infection.”

The WRAP-IT investigators will follow their CIED patients for 
12 months – the longest study of the TYRX envelope to date. 

“The question is whether it will be effective and whether 
it makes sense from a cost perspective,” Dr. Manyam 
says. “Most of us think that it will. If we are making CIED 
procedures safer for patients and reducing overall health 
care costs, it’s a very promising solution.”

For more information about the WRAP-IT trial at  
UH Harrington Heart & Vascular Institute or to refer a 
patient for electrophysiology services, call 216-844-3800.
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LEVOSIMENDAN: IS IT A GAME-CHANGER IN CARDIAC SURGERY?
UH one of highest-enrolling centers in landmark LEVO-CTS trial
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Cardiac surgeons and anesthesiologists have access to a variety of 
vasoactive drugs and devices to help maintain patients’ hemodynamic 
performance during and after cardiac surgery. Nevertheless, low 
cardiac output syndrome (LCOS) remains a substantial risk for these 
patients, especially for those with reduced left ventricular ejection 
fraction (LVEF). 

To address this issue, cardiac surgeons at University Hospitals 
Harrington Heart & Vascular Institute are participating in an expedited 
clinical trial of a promising new medical therapy – levosimendan, 
manufactured by Tenax Therapeutics, Inc.

“Instead of increasing metabolic demand, levosimendan makes the 
heart function more efficiently,” says Soon Park, MD, Division Chief 
of Cardiac Surgery and Co-Chair of UH Harrington Heart & Vascular 
Institute’s Clinical Executive Committee. “It improves the mechanics 
of the contraction without incurring a lot of metabolic expense, 
making it very intriguing for our highest-risk patients.”

The LEVO-CTS trial is a double-blind, randomized, placebo-controlled 
study evaluating the use of levosimendan to reduce the incidence  
of LCOS and associated morbidity and mortality. Because UH 
Harrington Heart & Vascular Institute serves many high-risk cardiac 
surgery patients, it is one of the top two enrollers of the 50 sites 
participating nationwide. 

“We are recognized as the leading center providing surgical services to  
the highest-risk population,” Dr. Park says. “Because of this, we have 
many patients who are candidates for this study.” 

 

 
 

Patients enrolled in the LEVO-CTS trial at UH include those 
undergoing CABG, CABG with mitral valve repair, isolated mitral 
valve repair or CABG with aortic valve repair, all with cardiopulmonary 
bypass. To qualify for the study, patients undergoing CABG must have 
an LVEF ≤ 25 percent; those undergoing the other surgeries must 
have an LVEF ≤ 35 percent. Patients randomly assigned to receive 
levosimendan receive it about an hour before surgery and then for 
the next 23 hours, Dr. Park says. Endpoint outcomes of the trial at 30 
days post-surgery include all-cause mortality, perioperative myocardial 
infarction, need for dialysis and use of a mechanical assist device.

The LEVO-CTS trial will enroll 760 cardiac surgery patients nationwide, 
ending in 2015.

“Levosimendan seems to be a very promising drug, but the proof will 
only come from this type of rigorous, prospective randomized trial,” 
Dr. Park says. “We are excited to be at the leading edge of providing 
high-quality surgical care and testing new, promising drugs in this 
high-risk patient population.” 
 
For more information or to refer a patient, call 216-844-4004.


