
N
orth carolina resident 
Susan Brinkley received 
a biventricular implanted 
cardiac defibrillator for 
cardiomyopathy and atrial 

fibrillation in the fall of 2012. She had 
hoped that the therapy would restore 
her energy level so that she could once 
again lead an active life with her four 
children and 10 grandchildren. Instead, 
she says, “as the months went by, I 
continued to be exhausted, and I wasn’t 
feeling any better.”  

“Cardiac resynchronization therapy 
(CRT) is one of the most important 
treatments for heart failure, but only 
six or seven out of every 10 patients 
respond,” says cardiac electrophysiolo-
gist John Rickard. “For the others, 
the prognosis for survival is very poor 
unless something is done—and there 
are things we can do to help many of 
these patients who are not responding 
to the therapy.”

Rickard is director of the Johns 
Hopkins Resynchronization Optimiza-
tion Clinic, a new program designed 
to thoroughly evaluate the reasons why 

particular patients are not responding 
to CRT and provide recommendations 
to referring physicians on how to help 
patients benefit from the therapy.

Patients referred to the clinic receive 
a full assessment of their health and 
comorbidities, medications and diet, as 
well as an evaluation of how their pace-
maker/defibrillator is functioning and 
specific problems with the device. 

Because her condition was not im-
proving, Brinkley’s daughter suggested 

that she come to Baltimore for an evalu-
ation by Hugh Calkins. “After meet-
ing with him, it was the greatest relief,” 
Brinkley says. “He had a specific plan. 
He checked the defibrillator, adjusted my 
medication and referred me to Dr. Rick-
ard for a more detailed evaluation.”

“During the two-and-a-half-hour 
clinic visit,” says Rickard, “we perform 
a complete electrical analysis of the 
device, including EKGs with the device 
turned on and off to give us an idea 
of the morphology of the CRT-paced 
waveform. Patients also have an echo-
cardiogram to see the function of the 
device in real time and lab tests to look 
for anemia or renal dysfunction.” 

Often, the remedy is as straightfor-
ward as adjusting the existing device, 
getting a patient’s obstructive sleep 
apnea under control or modifying heart 
failure medications. At other times, 
a more complex intervention may be 
necessary by moving the left ventricular 
lead or considering the addition of a 
second left ventricular lead.

In Brinkley’s case, Rickard noticed 
that the left ventricular (LV) lead was 

not capturing because it wasn’t getting 
enough energy. “It was pacing the right 
ventricular (RV) lead all of the time 
and not the left, which can make the 
heart failure worse.”

To correct it, Rickard increased the 
voltage on the LV lead, capturing both 
sides so that it would function properly.  
He also adjusted the timing on the 
device, giving the LV lead a 20 millisec-
ond head start before the firing of the 
RV lead.

“I’m so grateful to Dr. Calkins and 
Dr. Rickard,” Brinkley says. “They took 
the time to figure out the problem.” 

Rickard recommends that all pa-
tients with CRT be evaluated within six 
to nine months after the device is put 
in. “If the patient is not feeling well, if 
the ejection fraction hasn’t improved 
and especially if it has gotten worse, 
then alarm bells should ring,” he says.

Rickard sees the goal for the special-
ized clinic as a way to not only improve 
patient survival but also to reduce 
hospitalization and readmission due to 
heart failure. n
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John Rickard says the goal of the clinic, which is one of the few of its kind in the country, 
is to use a multipronged strategy to help patients who are not responding to CRT.
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I
n an unusual twist to the way 
most therapies are developed, cardiac 
resynchronization therapy (CRT) 
was first tested in patients and went 

into widespread clinical use before the 
biological mechanisms as to why it 
worked were understood.  

David Kass’ lab played a key role 
in developing CRT for use in patients 
in the late 1990s. Since then, Kass 
and colleagues have been running the 
discovery clock backwards to reveal 
how CRT strengthens heart muscle 
while making it beat in a coordinated 
fashion. 

In a recent study described in the 
Journal of Clinical Investigation, the sci-
entists showed that CRT changes heart 
cells so they can contract more force-
fully. They also identified an enzyme 
that mimics the effect of CRT without 
use of the device. 

“These discoveries potentially give 
us new pathways to benefit more heart 
failure patients—not only those whose 
hearts beat out of sync, but also those 
who do not qualify for CRT therapy,” 
says Kass. 

The researchers used an animal 
model of heart failure with dyssynchro-
ny and also examined the impact of 
CRT on the heart. By studying isolated 
muscle tissue and muscle cells, they 
examined the relationship between 
contraction and the calcium that trig-
gers it.  In dyssynchronous hearts, force 
from the muscle cells and the level of 
calcium needed to generate contrac-
tions were very much reduced. CRT 
improved contraction force more than 
calcium, which led to the discovery 
that CRT had increased the muscle’s 
sensitivity to calcium. 

Calcium sensitivity is a property of 

the proteins that form the contracting 
“engine” of muscle, so the investigators 
next examined how these proteins had 
been biochemically altered by CRT. 
After ruling out all the known ways 
this might have occurred, they tested 
for changes in more than 150 proteins 
and discovered that CRT specifically 
modified 13 of them. 

“Once we discovered which pro-
teins were being altered, we identified 
an enzyme likely responsible for these 
changes,” says lead author Jonathan 
Kirk, a postdoctoral fellow. The 
enzyme, GSK-3 beta, converted the 
behavior of muscle cells beating out of 
sync to what looked like heart cells that 
had received CRT. 

They also found that although GSK-
3 beta was inactive in muscle from a 
failing and dyssynchronous heart, it 
was reactivated by CRT. When that 
happened, the enzyme altered the 
motor proteins so that they generated 
greater force using the same amount of 
calcium-based activation. 

“It had never been shown before 
that GSK-3 beta could modify motor 
proteins in the heart to make them 
more sensitive to calcium. It is surpris-
ing that this same type of effect can be 
produced by CRT,” says Kass. 

Kass and colleagues previously 
showed that CRT enables heart muscle 
to respond to hormones, such as adren-
aline, to stimulate pumping ability. n
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Surgical Lessons from Adults Born with Congenital Heart Disease 

A
t age 12, Austin Cole had a Ross pro-
cedure at The Johns Hopkins Hospital to 
replace his diseased aortic valve. Cole was 
born with aortic valve stenosis and over the 

years had multiple balloon valvotomies to open the 
valve and postpone the open heart surgery that would 
eventually be required. The delay allowed his body 
to mature enough to better accommodate the new 
pulmonary valve that would be put in as part of the 
Ross procedure. 

“It was a major operation. It took me several 
months to recover,” says Cole, now 18. 

However, two years later, the function of the 
donor pulmonary homograft began to deteriorate, 
causing Cole’s heart to work harder. Fortunately, by 
the time Cole needed a new pulmonary valve, Johns 

Hopkins pediatric cardiologist  
Richard Ringel was among the first 
clinicians in the country to offer a 
minimally invasive new procedure 
and a new device to replace 
pulmonary valves in the cath lab 
rather than in the OR. 

“My recovery was much quicker 
compared with the operation I had 
when I was 12,” says Cole. “I have 
lots of energy now, and I can keep 
up with my friends. It has definitely 
made a big difference.”

Cole’s experience is an example of 
the many refinements that have been 
made in treating congenital heart 

problems since the world’s first “blue baby” 
operation was performed at Johns Hopkins 
in 1944. 

The minimally invasive valve procedure 
is also helping people born with tetralogy of 
Fallot. Although the blue baby operation was 
a lifesaving turning point, in the decades that 
followed, it became clear that many patients 
would need subsequent procedures.

“Children born with tetralogy of Fallot 
have a pulmonary valve that’s too small or 
badly obstructed, and we need to create an 
opening, sacrificing the valve to get over the 
obstruction,” says Johns Hopkins Cardiac 
Surgery Director Duke Cameron. “We’ve 
learned that over time, the opening we 

David Kass says 
the goal of his 
lab’s research 
is to open the 
door to new 
therapeutic 
approaches and 
design a test  
to identify 
patients most 
likely to benefit 
from CRT.
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The enzyme, GSK-3 
beta, converted the 
behavior of muscle 
cells beating out of 

sync to what looked 
like heart cells that 
had received CRT. 
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By Roger Blumenthal

T
he new cardiovascular 
prevention guidelines from the 
American Heart Association 
and the American College of 

Cardiology provide a great opportunity 
for us to start a discussion with our pa-
tients about their risk of atherosclerotic 
vascular disease (ASCVD) and steps 
they can take to reduce it. Even though 
deaths from cardiovascular disease have 
been declining, one in three Americans 
will die from heart disease or 
stroke, and these diseases place 
a huge burden on our patients 
and their families in terms of 
disability, hospitalizations and 
costly medical procedures.

While there are some 
concerns about the way the 
ASCVD risk calculator was 
developed, the new guidelines 
are an important step forward 
in prevention. We know that 
we can prevent or delay the 
vast majority of heart attacks 
and strokes with a combina-
tion of lifestyle modifications 
and, when appropriate, a statin. 
Indeed, we should evaluate the 
individual ASCVD risk for all 
of our patients so that they can 
take steps to reduce their risk.

The new risk calculator 
will prompt many clinicians 
to look more closely at their 
patients’ risk factors, includ-
ing cholesterol, blood pressure, 
glycemic control and smoking 
history, even though they may 

have seemingly normal LDL cholesterol 
values. At the Ciccarone Center, we 
believe that a family history of early-
onset cardiovascular disease is also an 
important ingredient to add to the risk 
recipe. 

Since the new guidelines recommend 
statin medications for specific groups 
heavily weighted by age, we think that 
closer evaluation of individual patients 
in these groups with borderline AS-
CVD risk estimates of 5 to 10 percent 
over the next decade may be warranted 

before prescribing a statin. If we are 
on the fence about whether statin and 
aspirin therapy would be beneficial for 
those patients, a coronary calcium score 
would be the best tie-breaker. It has the 
most science behind it.

For example, not all adults ages 
40 to 75 with diabetes have plaque in 
their coronary arteries. According to 
the Multi-Ethnic Study of Atheroscle-
rosis, about 35 percent of middle-aged 
patients with diabetes did not have 
evidence of coronary artery calcifica-

tion (CAC) and had a very low event 
rate over the ensuing seven years. Our 
research also indicates that individuals 
with multiple risk factors but no CAC 
have a much lower absolute risk com-
pared with those with no traditional 
risk factors but an elevated CAC score 
of  greater than 100. 

Some colleagues believe that the 
new risk calculator overestimates risk 
for many patients. However, our pre-
vention goals must go beyond prevent-
ing heart attack, stroke and mortality 

to reducing our patients’ risk 
of angina, peripheral arte-
rial disease and the need for 
invasive revascularization 
measures.  

The new guidelines make 
prevention a focus for patients 
and clinicians. We should 
remember that guidelines are 
just that— not hard and fast 
rules. We must continue to 
evaluate individual patients 
on their particular risk profiles 
and emphasize the impor-
tance of a healthy lifestyle for 
everyone as the first line of 
defense against cardiovascular 
disease. n

The New CV Prevention Guidelines Are Here!

Roger Blumenthal, director of 
the Ciccarone Center for the 
Prevention of Heart Disease:  
The new risk calculator will 
prompt many clinicians to look 
more closely at their patients’ 
multiple risk factors.
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created is leaking, and the right side of the 
heart is struggling.”

Because of that, Cameron says it’s impor-
tant to replace the pulmonary valve before 
the regurgitation causes the heart to become 
enlarged and weak. That experience and 
knowledge have influenced how the opera-
tion for tetralogy of Fallot is now performed. 
“Today, we bend over backwards to preserve 
the patient’s own valve,” says Cameron. “It’s a 
balance to tolerate the slight blockage in order 
to avoid a lot of leakage down the road.” 

Among the keys for further refining treat-
ment for congenital heart defects, says Cam-
eron, is evaluating outcomes through databases 
that combine the experience of many large 

programs. Cameron has recruited cardiac 
surgeon Marshall Jacobs to coordinate 
outcomes research and share experience and 
expertise across the congenital heart surgery 
programs at The Johns Hopkins Hospital, All 
Children’s Hospital Johns Hopkins Medicine 
in St. Petersburg, Fla., and Florida Hospital for 
Children in Orlando.

“Better medical and surgical techniques and 
greater understanding of the disease processes 
have led to a much improved outlook and qual-
ity of life,” says Jacobs. “There are now as many 
adults living with congenital heart disease as 
there are infants and children. Our goal is to 
develop ways to provide even better care of 
these patients. n



E
arlier diagnosis and better management of 
vascular and cardiac complications have led to 
dramatic improvements in the lives of patients 
with the connective tissue disorder Loeys-Dietz 

syndrome (LDS). But a recent Johns Hopkins study, 
believed to be the largest examination of skeletal 
fragility in LDS patients, shows that people with the 
condition are also prone to bone fractures and low 
bone mineral density.

In a survey and chart review of 57 LDS patients, 
researchers found that 33 patients (58 percent) had at 
least one fracture, and 14 (25 percent) had two or more. 
Participants reported a total of 51 fractures—35 in the 
upper extremity, 14 in the lower extremity and two in 
the spine; the forearm and wrist were most commonly 
injured. Most fractures resulted from falls.

Investigators calculated that LDS patients had a 50 
percent risk of fracture by age 14 and greater overall 
incidence of fractures compared with the general 

population. In a subset who had dual-energy X-ray 
absorptiometry scans available for review, at least 60 
percent had low or very low bone mineral density in 
the spine, hip and/or femoral neck. 

First described by Johns Hopkins cardiologist Hal 
Dietz and colleagues in 2005, LDS is characterized 
by vascular aneurysms and blood vessel tortuosity, 
hypertelorism and bifid uvula or cleft palate. Patients 
with LDS are at high risk for progressive arterial 
aneurysms commonly leading to aortic dissection and 
rupture. Early recognition of the condition, combined 
with advances in medical and surgical management 
of its vascular complications, can improve life expec-
tancy, the authors say.

“In light of our findings about patients’ increased 
risk for osteopenia and osteoporosis,” Dietz says, 
“physicians should counsel their patients about their 
predisposition to low bone mineral density and higher 
fracture risk. We are hopeful that this issue will prove 

amenable to medical therapies, diet and exercise.”
Adds orthopedic surgeon and senior study author 

Paul Sponseller, “Further studies focusing on bone 
structure and function, as well as on the molecular 
mechanisms that drive increased fracture risk and 
osteopenia, will pave the way to developing targeted 
therapies.” n
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Boning Up on Loeys-Dietz Syndrome
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Hal Dietz and colleagues noted the presence of 
osteoporosis with multiple fractures in the first published 
case series of patients with Loeys-Dietz syndrome.


