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ABSTRACT & COMMENTARY

Renal Denervation Makes a Comeback
By Jeffrey Zimmet, MD, PhD
Associate Professor of Medicine, University of California, San Francisco; Director, Cardiac Catheterization Laboratory, 
San Francisco VA Medical Center

Dr. Zimmet reports no financial relationships relevant to this field of study.

SYNOPSIS: This retrospective review of the natural history of severe calcific mitral valve stenosis demonstrated such patients have a high 
mortality partly because of a high comorbidity burden and partly because of valve stenosis. Although often symptomatic, symptoms did 
not predict mortality.

SOURCE: Böhm M, Kario K, Kandzari DE, et al. Efficacy of catheter-based renal denervation in the absence of antihypertensive 
medications (SPYRAL HTN-OFF MED Pivotal): A multicentre, randomised, sham-controlled trial. Lancet 2020;395:1444-1451.

After years of nearly unbridled enthusiasm for 
renal denervation, the 2014 sham-controlled 
 SYMPLICITY HTN-3 trial showed no 

significant advantage to denervation in medically 
treated patients with resistant hypertension. The 
results splashed cold water on the entire renal dener-
vation enterprise. But when a series of subsequent 
pilot studies showed continued promise for this 
therapy, investigators designed the SPYRAL pivotal 
trial to demonstrate conclusively whether catheter-
based renal denervation successfully lowers blood 
pressure.

The SPYRAL authors enrolled patients between age 
20 and 80 years with office systolic blood pressure 
between 150 mmHg and 180 mmHg, and office 
diastolic pressure of at least 90 mmHg. Patients also 

could qualify with ambulatory systolic blood pres-
sures between 140 mmHg and 170 mmHg. Since 
this was intended to be a comparison of denervation 
and sham procedures in the absence of antihyperten-
sive medications, patients who were on blood pres-
sure medications were required to discontinue them. 
To address the safety of this approach, patients with 
a recent history of angina or myocardial infarc-
tion were not enrolled. Patients with any history of 
congestive heart failure, stroke, or atrial fibrillation 
were excluded.

The authors randomized 80 patients in the initial 
pilot study. Researchers included an additional 251 
patients in the Pivotal study, making a total study 
population of 331 patients from 44 international 
sites who were randomized to catheter-based 
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denervation or sham procedure. Although 
the procedure operators were not blinded 
to the treatment assignment, they were 
subsequently not involved in care of the 
patients until after clinical assessment six 
months later.

At the prespecified three-month time 
point, the reduction in systolic blood 
pressure on 24-hour ambulatory monitor-
ing was an average of 4.0 mmHg greater 
in the renal denervation arm, and the 
drop in office systolic blood pressure was 
6.6 mmHg greater. Notably, the authors 
saw small but significant reductions in 
blood pressure in the sham procedure 
group, emphasizing the importance of a 
sham control in this study.

During the trial period, fewer patients 
in the denervation group met the so-
called “escape” criteria (either systolic 
blood pressure > 180 mmHg, or other 
safety concerns that prompted initiation 
of antihypertensive medications). A 
total of 16 renal denervation patients 
met these criteria compared with 28 
sham patients (P = 0.049). Remarkably, 
no major procedure- or device-related 
complications were reported. No major 
safety events were reported at all in 
the first month. The authors concluded 
that catheter-based renal denervation 
was superior to a sham procedure at 
lowering blood pressure in patients not 
on antihypertensive medications.

n COMMENTARY
Does renal denervation accomplish safe 
blood pressure-lowering in hypertensive 
patients? These results seem to provide 
a definitive, positive answer. For the 
naysayers who wondered whether this 
procedure was any better than placebo, 
we now have a clear affirmative response. 
The same voices will note the treatment 
effect here was relatively small. It is 
likely the intervention did not reach full 

antihypertensive effect because of the 
imperative to make full assessment off 
meds at only three months. The results of 
other studies have suggested the treatment 
effect of renal denervation continues to 
increase after three months.

The idea of this proof-of-principle study 
was not to advocate for treating patients 
with interventional therapy alone without 
medications, although some may think to 
use it this way. With the modest reduc-
tions in blood pressure observed here, 
few patients with hypertension in the 
range seen in the target population would 
even experience a significant reduction in 
medication burden, let alone achieve goal 
blood pressures with this treatment alone. 
The authors of an accompanying editorial 
argued the primary role of this and other 
studies may be to identify those patients 
who are most likely to benefit, to improve 
patient selection, and additionally to iden-
tify populations that may benefit (e.g., 
patients with heart failure or chronic 
kidney disease) separately from the direct 
effect on blood pressure.

The device used in the trial, as in the prior 
SYMPLICITY study, is manufactured by 
study sponsor Medtronic, a large, inter-
national medical device company. The 
manuscript was written by independent 
authors. However, it is worth noting the 
sponsor was involved in the design of the 
study, data collection, validation of the 
data analyses, and writing the report.

The SPYRAL HTN-OFF MED study 
provides convincing evidence for a 
modest but significant blood pressure-
lowering effect of catheter-based renal 
denervation. The ongoing ON MED 
study is expected to provide further 
complementary information in more 
real-world patients who experience 
uncontrolled hypertension despite taking 
antihypertensive medication.  n
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ABSTRACT & COMMENTARY

The Prognosis of Severe Mitral  
Annular Calcification
By Michael H. Crawford, MD, Editor
SYNOPSIS: This retrospective review of the natural history of severe calcific mitral valve stenosis demonstrates such patients die often 
partly because of a high comorbidity burden and partly as a result of the valve stenosis.

SOURCE: Kato N, Padang R, Scott CG, et al. The natural history of severe calcific mitral stenosis. J Am Coll Cardiol 2020;75:3048-3057.

Increased longevity and the decline in rheumatic 
heart disease in developed countries has led to a 

rise in the prevalence of mitral annular calcification 
and (occasionally) calcific mitral stenosis (MS). Since 
little is known about the appropriate management 
of calcific MS, investigators from the Mayo Clinic 
sought to assess the clinical characteristics and 
predictors of mortality in such patients.

The authors collected adults with severe calcific MS 
from an echocardiographic database from 2003 
to 2017. Severe calcific MS was defined as a valve 
area < 1.5cm2 by the continuity equation. Patients 
with significant disease of other valves or moderate 
or more mitral regurgitation were excluded. The 
primary endpoints were all-cause mortality and 
cardiovascular events. Severe calcific MS was 
discovered in 200 patients: mean age of 78 years, 
82% were women, and the mean follow-up was 2.8 
years. Symptoms thought to be caused by MS were 
present in 60%, with dyspnea the most common 
(49%). In a multivariable analysis, symptoms were 
associated with higher transmitral gradients, low 
stroke volume, chronic lung disease, and atrial 
fibrillation.

Of the 32 patients who received mitral valve in-
terventions, surgical mitral valve replacement was 
performed in 31 and transcatheter replacement in 
one. Without intervention, all-cause mortality was 
28% at one year, 48% at three years. Multivariable 
determinants of all-cause mortality without inter-
vention were inactivity (hazard ratio [HR], 6.59), 
left ventricular ejection fraction < 50% (HR, 5.48), 
right ventricular systolic pressure > 50 mmHg, and 
transmitral gradient > 8 mmHg. The authors con-
cluded that patients with severe calcific MS often had 
comorbidities that limited survival. Valve-specific 
independent predictors of mortality included right 
ventricular systolic pressure > 50 mmHg and trans-
mitral gradient > 8 mmHg. Symptoms did not predict 
mortality.

n COMMENTARY
Mitral annular calcification is a frequent finding 
in echocardiograms performed in elderly patients. 

Severe calcific MS is much less common. It took 
the Mayo Clinic 14 years to amass 200 cases. 
Nevertheless, this is a challenging entity to 
manage, as this paper illustrates. For starters, the 
pathophysiology is different from rheumatic MS in 
that the calcium starts in the annulus, then moves 
into the base of the leaflets. There is no leaflet 
thickening, chordal shortening, or commissural 
fusion. Thus, the restricting orifice is a tubular 
structure at the leaflet base rather than the dome 
shape of commissural fusion seen in rheumatic MS. 
Also, the patients are elderly and carry a high burden 
of comorbidities, which can cause symptoms and 
disability.

Deciding when the symptoms are because of MS is 
difficult. Trying to objectify them by exercise testing 
would be problematic in this age group. In this study, 
60% of those with severe calcific MS exhibited symp-
toms thought to be caused by valve disease, but this 
was determined by chart review and could be inaccu-
rate. In addition, the echocardiographic confirmation 
of calcific MS is complicated. The pressure half-time 
method tends to overestimate valve area because of 
the reduced net atrioventricular compliance caused 
by comorbidities, such as atrial fibrillation, and 
reduced left ventricular systolic and diastolic func-
tion. Thus, the continuity equation is the technique 
of choice, but it presents its own problems — mainly, 
the inaccuracy of estimating the reference flow at 
another valve site. Finally, the planimetry method is 
limited by difficulty in determining the limiting orifice 
in a heavily calcified valve structure.

Kato et al showed patients with severe calcific MS 
carried a high comorbidity burden with a Charlson 
Comorbidity Index average of 5 (> 4 considered 
high), and 7% of their patients were inactive. Also, 
morbidity was high at 28% in one year without 
intervention. Multivariable predictors of mortality 
were related to comorbidities (inactivity and low 
left ventricular ejection fraction) and the severity 
of MS (transmitral gradient and pulmonary artery 
systolic pressure), as would be expected. Interestingly, 
symptoms were not predictive of mortality, probably 
because they were not exclusively the result of MS. In 
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this study, 23% of symptomatic patients underwent 
an intervention (surgical valve replacement in almost 
all). The data were not robust enough to determine if 
intervention improved survival. Surgery is challenging 
because of the calcified annulus, comorbidities, and 
age. Careful patient selection is key. 

Currently, transcatheter mitral valve replacement has 
not been particularly successful, but is developing. 
Low ejection fraction, if not caused by infarction, 
may not be a contraindication to surgery. Severe 

MS can lead to low ejection fraction because of 
reduced left ventricular filling, which improves with 
relief of the mitral obstruction. In asymptomatic 
patients, watchful waiting makes sense since this 
study showed progression of calcific MS is much 
slower than that observed with rheumatic MS (0.05 
vs. 0.2 cm2/year). This retrospective review of the 
Mayo Clinic experience with severe calcific MS 
adds to our knowledge of the natural history of this 
entity and will serve as a reference point for future 
interventional studies.  n

ABSTRACT & COMMENTARY

Can Antibiotics Sterilize an Infected Heart 
Valve Before Surgery?
By Michael H. Crawford, MD, Editor
SYNOPSIS: In a study of the relationship between the duration of antibiotic therapy and a positive surgically excised heart valve culture in 
patients with infective endocarditis, researchers observed positive valve culture incidence decreases exponentially on antibiotic therapy for 
14 days then plateaus with no effect after 21 days of therapy.

SOURCE: Gisler V, Dürr S, Irincheeva I, et al. Duration of pre-operative antibiotic treatment and culture results in patients with infective 
endocarditis. J Am Coll Cardiol 2020;76:31-40.

In infective endocarditis (IE), the timing of valve re-
placement is challenging. Operate too early, and the 

new valve goes into an infected area. Wait too long, 
and the patient may succumb to the acute hemody-
namic burden or other complications. Investigators 
from Switzerland sought to assess the temporal as-
sociation of preoperative antibiotic (AB) therapy and 
excised valve culture (VC) results in patients with IE 
who were undergoing valve surgery.

This was a registry study of 231 IE patients at one 
center from 2005 to 2016 who met inclusion criteria 
for this analysis. Patients with other indications for 
surgery, not on AB at the time of surgery, or insuf-
ficient data were excluded (n = 121). Among the 
patients included in the study, 58 returned a positive 
VC of the execised valve and 173 were negative. The 
primary endpoint was the relationship between the 
duration of AB therapy and a positive VC result. 
The secondary endpoint was in hospital mortality. A 
McCabe-Jackson score was determined from clini-
cal variables and dichotomized as non-fatal vs. rapid 
or ultimately fatal. Four categories of bacteria were 
considered: Staphylococcus (Staph), viridans group 
Streptococci (Strep), Enterococcus (Entero), and 
other species. 

Staph and Entero IE exhibited a higher rate of posi-
tive VC compared to the others. Those with positive 
VC spent fewer days on AB therapy (6 days vs. 13 
days; P < 0.001). In-hospital mortality was low in 

this study (5%), but those with positive VC com-
pared to negative VC died more often (42% vs. 24%; 
P < 0.001). Although Strep and Staph were the most 
common causes of IE, Staph and Entero were more 
likely to return positive VC (odds ratio [OR] for En-
tero, 6.35; 95% confidence interval [CI] 1.94-20.78; 
P < 0.002; OR for Staph, 3.93; 95% CI, 1.57-9.84;  
P < 0.003). The analysis of the response to AB thera-
py on positive VC was non-linear. There was a rapid 
decrease in the first seven days of therapy, a slower 
decrease from seven to 13 days, a plateau from 14 to 
21 days, and no further effect after 21 days. The ad-
justed probability of a positive VC compared to days 
of AB therapy showed the nadir of positive VC was 
at about 15 days for all organisms (except Entero, in 
which it was 20 days). The authors concluded that 
after seven days of appropriate AB therapy for IE, 
the effect on VC results after surgical excision were 
minor. AB therapy after 21 days did not affect VC 
positivity.

n COMMENTARY
Frequently, the management of patients with IE 
results in a war of wills over if and when to operate. 
In general, the surgeons want as much AB treatment 
as possible. Cardiologists push for early surgery. 
The results of recent observational studies have 
supported earlier surgery in that those operated on 
early die less often. However, these studies suffer 
from survivor bias. If one could adjust for such bias, 
early surgery actually could reduce survival. Surgeons 
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worry performing a procedure before the full course 
of AB is complete would involve placing a prosthetic 
valve in an infected field, which could result in an 
increase in valve-related complications. Gisler et al 
addressed this issue. At their institution, all explanted 
valves are cultured, allowing them to analyze the 
relationship between the duration of AB therapy 
and a positive VC. They showed the incidence of a 
positive VC declined rapidly during the first seven 
days of therapy, decreased slower over the next seven 
days, and then plateaued for the next seven days. 
After 21 days, there was no effect of AB therapy on 
VC positivity. Current guidelines list several Class 
I level of evidence B indications for early surgery: 
heart failure, fungal or resistant organisms, heart 
block, annular abscess, penetrating lesions, and 
persistent evidence of infection after five to seven 
days of AB therapy. Class IIa B recommendations 
include recurrent emboli, increasing vegetation size, 
severe valve regurgitation, and vegetation > 10 mm 
in diameter or mobile. If these clinical indications for 
surgery exist, the Gisler et al data suggest not waiting 
to put more AB into the patient, especially if past 
seven days of therapy. The caveat here is Gisler et 
al confirmed what other studies have shown, that a 
positive VC after surgery does increase the mortality 

rate. Predictors of finding a positive VC were Entero 
and Staph infection. Perhaps contracting one of 
these infections should be included in the guidelines 
for earlier surgery. Still, Gisler et al also showed the 
duration of AB therapy before the positive VC curve 
plateaued was 20 days for Entero and 15 for all 
other organisms. This would tend to favor waiting 
for two or three weeks of therapy if there were no 
other clinical indications to operate. Besides the 
study’s retrospective, observational design, there were 
other weaknesses. It was relatively small, and there 
were scant data reported about the clinical decision-
making process for surgery. Also, the duration of IE 
before therapy was not considered. In addition, the 
patient’s care team made the decision for surgery. 
Over the 12-year study period, there was a trend 
toward earlier surgery. 

There are many factors to weigh in the decision 
for surgery before a full course of AB is completed. 
Generally, clinical factors are more important than 
the duration of AB therapy for this decision. Gisler et 
al have added to our knowledge of the relationship 
between the duration of therapy and a valve with 
persistent infection, which is a factor that increases 
post-surgical mortality.  n

ABSTRACT & COMMENTARY

Cheyne-Stokes Respiration in Heart Failure
By Michael H. Crawford, MD, Editor
SYNOPSIS: A comprehensive cardiorespiratory study of stable systolic heart failure patients showed Cheyne-Stokes breathing in the 
awake, upright position is related to hypercapnia and is independently associated with a higher risk of cardiac death.

SOURCE: Giannoni A, Gentile F, Sciarrone P, et al. Upright Cheyne-Stokes respiration in patients with heart failure. J Am Coll Cardiol 
2020;75:2934-2946.

Supine or sleeping Cheyne-Stokes respiration (CSR) 
in heart failure subjects is known to be associated 

with increased severity of disease and a poor progno-
sis. Less is known about daytime, upright CSR.

Giannoni et al enrolled stable systolic heart failure 
patients on optimal guideline-based therapy between 
2007 and 2018. Those with other comorbidities or 
on drugs that influence respiratory control were ex-
cluded. Each patient underwent two days of intensive 
baseline testing for cardiopulmonary and neurohor-
monal characterization. Apnea was defined as cessa-
tion of airflow lasting ≥ 10 seconds. Hypopnea was 
defined as a reduction in airflow ≥ 50% lasting ≥ 10 
seconds in association with reduced oxygen satura-
tion (≥ 4% during a 24-hour ambulatory polygraphic 
cardiorespiratory recording). The authors used the 
rebreathing technique to assess chemoreflex sensitiv-
ity to hypoxia and hypercapnia. Also, researchers 
performed short-term respiratory response to head 

up tilt testing. Patients were classified as normal 
breathing, supine CSR, or upright CSR. Among the 
574 patients enrolled, 297 breathed normally, 195 
were classified as supine CSR, and 82 were classified 
as supine and upright CSR. 

Compared to those who breathed normally, 
patients with upright CSR recorded significantly 
lower ventricular ejection fraction, larger left atria, 
higher systolic pulmonary artery pressures, higher 
norepinephrine levels, and higher NT-pro BNP 
levels. They also recorded lower peak VO2 levels, 
more oscillatory exercise breathing, a higher ratio of 
ventilation to CO2 output, more atrial fibrillation, 
and more moderate to severe mitral regurgitation. 
In addition, they scored higher on the apnea-
hypopnea index and central apnea index vs. normal 
breathing patients and those classified as supine 
CSR only. Using a multivariate logistic analysis, 
the only independent predictor of upright CSR 
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was hypercapnic ventilatory response (hazard ratio 
[HR], 4.01; 95% confidence interval [CI], 1.54-
10.46; P = 0.004). After an eight-year follow-up, 
upright CSR was independently predictive of a higher 
risk of cardiac death (HR, 2.39; 95% CI, 1.08-
5.29; P = 0.032), as was moderate to severe mitral 
regurgitation (HR, 3.82). The authors concluded 
upright CSR is related to an increased sensitivity to 
hypercapnia, is associated with more severe disease, 
and is associated with a greater risk of cardiac death.

n COMMENTARY
CSR has long been recognized as a useful bedside 
observation to confirm the severity of heart failure. 
The authors of older studies have noted an inverse 
association between the total cycle length, not just 
the apnea time, and cardiac output. In more recent 
studies, investigators have noted CSR is frequent 
in heart failure patients during polysomnographic 
studies, categorizing it as a rhythmic subtype of 
central sleep apnea. It occurs in about half of stable 
heart failure patients and is associated with a higher 
risk of ventricular tachycardia and death.

Giannoni et al explored the observation that CSR can 
occur while awake and even during exercise. They 
used a simple polygraph to detect CSR in upright 
patients. They started with 15 minutes of rest. If 
CSR was observed, they moved on to 15 minutes of 
head-up tilt. This maneuver uncovered upright CSR 
in 14% of their patients. These patients featured a 
worse adrenergic and hemodynamic profile, with 

the highest levels of norepinephrine, NT-pro BNP, 
atrial fibrillation, moderate to severe mitral valve 
regurgitation, and eight-year cardiac mortality. CSR 
was considered sleep related because the cortical 
influences on respiration would diminish during 
sleep, allowing the chemical control of breathing to 
dominate. Also, fluid redistribution to the lungs while 
sleeping could exacerbate the problem. Obstructive 
sleep apnea almost always is sleep related, but CSR 
also can occur during awake daylight time. The 
mechanism of upright CSR is not completely clear. 
In the Giannoni et al study, the only predictor of 
upright CSR was chemosensitivity to increased 
CO2, but there may be other contributors. Other 
studies have shown a relationship between left atrial 
pressure (LAP) and supine CSR. Perhaps upright 
positioning reduces LAP and prevents upright CSR 
in many stable heart failure patients. Upright CSR 
patients in the Giannoni et al study had more severe 
mitral regurgitation. Perhaps this maintained high 
atrial pressures upright. The major limitation of 
this study is that CSR was assessed only once at 
intake. There could have been changes in CSR status 
over the eight-year follow-up. What are the clinical 
implications of this study? Upright CSR could be 
detected easily in an office practice and would be of 
prognostic value. Should the detection of CSR drive 
more aggressive therapy? Studies of correcting CSR 
associated with sleep apnea in heart failure patients 
was not effective at improving outcomes. At this 
point, there is no specific therapy occasioned by the 
detection of upright CSR.  n

ABSTRACT & COMMENTARY

Sports Participation with Isolated Bicuspid 
Aortic Valve
By Michael H. Crawford, MD, Editor
SYNOPSIS: If they follow recommendations for restriction from competitive sports, more than one-third of children and young adults with 
isolated bicuspid aortic valves could be disqualified mainly for mild aortic dilatation.

SOURCE: Baleilevuka-Hart M, Teng BJ, Carson KA, et al. Sports participation and exercise restriction in children with isolated bicuspid 
aortic valve. Am J Cardiol 2020;125:1673-1677.

In 2015, the American Heart Association/American 
College of Cardiology (AHA/ACC) updated their 

recommendations for participation in competitive 
sports for school age children and young adults. 
However, there is a paucity of data on the effect of 
these recommendations on patients with isolated 
bicuspid aortic valve (BAV) disease. Baleilevuka-Hart 
et al performed a retrospective, longitudinal analysis 
of the Johns Hopkins Pediatric Cardiology Database 
of patients age 5 to 22 years with isolated BAV 

from 2000 to 2013. They excluded patients with 
symptomatic cardiovascular disease, other congenital 
anomalies, prior aortic valve intervention, Kawasaki 
disease, and pregnancy. 

Of the 345 patients identified, 17 had incomplete 
echocardiographic data and 202 already were 
restricted from sports because of aortic dilatation. 
This left 123 patients with no restrictions 
regarding athletic participation according to the 
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recommendations from AHA/ACC. Investigators 
used a binary approach (restricted from competitive 
sports or not) based on the following criteria for 
restriction: peak aortic gradient > 40 mmHg, aortic 
regurgitation > moderate, evidence of aortic root 
dilatation, ascending aortic dilatation, enlarged left 
ventricle (LV), or reduced LV systolic function per 
the guidelines. Aortic dilatation was described by 
diameter measurements corrected for body surface 
area (Z score). Survival was truncated at six years of 
follow-up; median follow-up was 4.4 years.

Over the course of follow-up, 36% of patients met 
criteria for sports restriction, and about one-third 
met more than one criterion. However, no adverse 
events or deaths were recorded. The most common 
cause for restriction was aortic dilatation, which was 
found in 34% of patients, and it generally was mild 
(Z score, 3-3.9). Significant aortic stenosis developed 
in 2%, and > moderate aortic regurgitation 
developed in one patient. The authors concluded that 
if the new recommendations were followed, more 
than one-third of young patients with isolated BAV 
would be restricted from competitive sports mainly 
for mild aortic dilatation.

n COMMENTARY
On one hand, this may seem like a no brainer: If a 
child or young adult with isolated BAV meets any 
sports restriction criteria, they should be disqualified 
to prevent a serious cardiovascular event. However, 
as this analysis of a pediatric to young adult 

database shows, such a policy would restrict 
more than one-third of these young people from 
participating in competitive sports, mainly for mild 
dilatation of the proximal aorta. Is this reasonable?

First of all, this would involve a lot of youngsters, 
since BAV is one of the most common congenital 
heart defects. Also, other studies have shown mixed 
results on the effect of athletic activity on aortic size 
over time. Any increase was mild and gradual. In 
addition, large follow-up studies have shown tiny 
rates (or zero) aortic dissections in young people 
with BAV. In the Baleilevuka-Hart et al study, 7% of 
patients who met disqualification criteria failed to 
meet them on the next echocardiogram. This could 
be because of measurement error or the vagaries of 
correcting measurements for body size and growth. 
Finally, disqualification for sports participation may 
psychologically harm children and young adults, 
which could affect them the rest of their lives.

This analysis contains weaknesses, including the 
fact it was a retrospective chart review study. 
The authors could not assess the effect of sports 
participation because it was not well documented. 
However, their data raises the potential negative 
effect of strict adherence to the AHA/ACC 
recommendations. Considering the paucity of 
data to support disease progression and cardiac 
events caused by sports participation, the authors 
recommended a thoughtful approach to applying the 
guidelines.  n
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•  discuss the most current information related to cardiac illness and the treatment of cardiac disease;
•  explain the advantages and disadvantages, as well as possible complications, of interventions to treat cardiac 

illness;
•  discuss the advantages, disadvantages, and cost-effectiveness of new and traditional diagnostic tests in the 

treatment of cardiac illness; and
•  discuss current data regarding outpatient care of cardiac patients.

1.  Recommendations for competitive sports 
participation among children and young adults 
would disqualify patients with an isolated 
bicuspid aortic valve if:

a. peak aortic valve gradient is > 35 mmHg.

b. mild to moderate aortic regurgitation is 
present.

c. the proximal aorta is dilated.

d. the diastolic left ventricular cavity is  
< 25 mL/m2.

2.  In patients with severe calcific mitral valve 
stenosis, a strong multivariable predictor of 
mortality is:

a. inactivity.

b. left ventricular ejection fraction < 60%.

c. right ventricular systolic pressure  
> 40 mmHg.

d. transmitral gradient > 10 mmHg.

3.  In a recent sham-controlled study of renal 
artery catheter-based denervation, researchers 
found systolic blood pressure at three months 
was reduced by:

a. 10 mmHg.

b. 8 mmHg.

c. 6 mmHg.

d. 4 mmHg.

4.  On appropriate antibiotic therapy for 
infective endocarditis, after how many days 
is sterilization of a surgically excised valve 
complete?

a. 10 days

b. 14 days

c. 21 days

d. 28 days

5.  Cheyne-Stokes respiration in stable systolic 
heart failure patients is related to increased 
sensitivity to:

a. hypoxia.

b. hypercapnia.

c. acidosis.

d. exercise VO2 maximum.
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