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ABSTRACT & COMMENTARY

New Treatment for Postural Orthostatic 
Tachycardia Syndrome
By Michael H. Crawford, MD, Editor
SYNOPSIS: A study of ivabradine in patients with the common hyperadrenergic subtype of the postural orthostatic tachycardia syn-
drome led to slower standing heart rates, lower plasma norepinephrine levels, and improved quality of life after one month.

SOURCE: Taub PR, Zadourian BS, Lo HC, et al. Randomized trial of ivabradine in patients with hyperadrenergic postural orthostatic 
tachycardia syndrome. J Am Coll Cardiol 2021;77:861-871.

Most patients with postural orthostatic 
tachycardia syndrome (POTS) carry the 
hyperadrenergic variety, for which there 

are no class I therapies. Ivabradine, a selective sinus 
node inhibitor, has shown promise for this condi-
tion. Taub et al conducted the first randomized, 
double-blind, placebo-controlled, crossover trial of 
ivabradine compared to placebo.

Patients with clinically diagnosed POTS who record-
ed a heart rate > 30 beats/minute (bpm) with head-
up tilt table test (HUT) and upright plasma norepi-
nephrine (NE) levels > 600 pg/mL were candidates 
for the study. Patients with resting heart rates < 60 
bpm, atrial fibrillation, supraventricular tachycar-
dia, or orthostatic hypotension were excluded, as 
were women who were pregnant or breast feeding. 
All treatments for POTS ended one week before the 
screening visit and throughout the trial. Researchers 

drew blood for NE levels after 15 minutes of supine 
rest and then after 15 minutes of standing. Accepted 
subjects were randomized to 5 mg twice-daily of 
ivabradine or placebo. The dose was adjusted after 
two weeks based on the heart rate response to three 
minutes of standing. Two weeks later, vital signs and 
plasma NE were repeated, therapy (ivabradine or 
placebo) ended for one week, and patients switched 
to the opposite therapy, with a titration visit at two 
weeks and a final visit at four weeks. Quality of life 
(QOL) was assessed at baseline, at the end of the 
first month, and at the end of the second month of 
therapy. The primary outcome was the change in 
heart rate after one month of ivabradine. Secondary 
outcomes included QOL and plasma NE levels. 

After evaluating 37 potential subjects, 26 were ran-
domized. Four patients withdrew from the study af-
ter randomization (one on placebo for other health 
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research in cardiovascular medicine

reasons and three on ivabradine who ex-
perienced adverse effects, such as nausea, 
drowsiness, fatigue, and phosphenes). Of 
the 22 patients who completed the study, 
21 were women and 19 were white.

Supine heart rate was lower on ivabradine 
(65 bpm vs. 74 bpm; P < 0.001), as was 
standing heart rate (78 bpm vs. 95 bpm; 
P < 0.001). There were no significant 
changes in supine or standing blood pres-
sure readings on ivabradine. QOL was 
significantly better on ivabradine in the 
physical (P = 0.008) and social (P = 0.02) 
functioning domains. Ivabradine cut the 
difference between supine and standing 
plasma NE levels (442 pg/mL compared 
to 598 pg/mL for placebo; P = 0.03), with 
the greatest differences noted in those 
with the highest baseline standing NE 
levels. The authors concluded ivabradine 
slows standing heart rate, lowers plasma 
NE levels, and improves QOL in patients 
with hyperadrenergic POTS.

n COMMENTARY
POTS is a heterogeneous disorder with 
recognized subtypes: hyperadrenergic 
(the most common), neuropathic, and 
hypovolemic. It also can be associated 
with joint hypermobility disorders (e.g., 
Ehlers-Danlos) and immunologic disor-
ders. Significant overlap between these 
subgroups often is present. The definition 
of POTS involves three characteristics: 
symptoms of orthostatic intolerance and 
tachycardia, an acceleration in standing 
heart rate > 30 bpm, and no orthostatic 
blood pressure changes. Standing plasma 
NE levels > 600 pg/mL and a supine to 
standing blood pressure rise of more than 
10 mmHg further characterize the hyper-
adrenergic subtype. Taub et al ignored 
the blood pressure criterion because they 
recognized a frequent overlap between the 
hyperadrenergic subtype and the hypovo-
lemic subtype. 

POTS is almost exclusively seen in white 
women of reproductive age and often 
is perceived as precipitated by viral 
infections, concussion, surgery, pregnancy, 
or the onset of puberty. It is not a mortal 
condition but causes considerable 
morbidity, such that patients cannot 
function well upright and can become 
depressed, anxious, and occasionally 

bedridden. It is estimated to afflict 1 to 3 
million women in the United States. The 
condition could be genetic, as researchers 
have observed it in families and those with 
hypermobility disorders. Usually, POTS is 
self-limited, but may take years to resolve 
or become a chronic condition in a few.

Generally, diagnosis is clinical, with few 
requiring HUT or other tests. However, 
Taub et al raised the possibility that plas-
ma NE levels may be useful to identify the 
hyperadrenergic subtype. Therapy is driven 
by symptoms and signs of the disease. The 
only guideline class I recommendations 
are exercise training, preferably swimming 
or rowing, and IV saline for acute decom-
pensations.1 All the pharmacologic agents 
are class IIb. Fludrocortisone can be given 
to increase plasma volume. Non-selective 
beta-blockers, such as propranolol, can 
be useful to blunt tachycardia. However, 
hypotension limits this approach. Vasocon-
strictors, such as midodrine, can be helpful 
in those with mixed orthostatic features. 
Finally, sympatholytic agents, such as 
alpha-methyldopa or clonidine, can be 
tried, but side effects limit these agents.

Anecdotally, ivabradine has shown 
promise, but Taub et al were the first to 
seriously study its use. The results show 
significant reductions in standing heart 
rate and improvements in QOL. However, 
this was a small trial of rather chronic 
POTS patients, with an average standing 
heart rate of 95 bpm. One could argue 
these were mild cases. Also, it is difficult 
to blind a study when the drug lowers 
heart rate. In addition, this was a short 
trial (one month on treatment). Finally, 
the authors did not compare ivabradine 
to other recognized treatments. There is a 
trial in progress comparing ivabradine to 
propranolol, which should shed more light 
on the matter when finished. At this time, 
it seems reasonable to try ivabradine in 
patients who present with hyperadrener-
gic POTS and have not responded well to 
other therapies.  n
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ABSTRACT & COMMENTARY

ECG Abnormalities in Elite Male  
and Female Athletes
By Michael H. Crawford, MD, Editor
SYNOPSIS: A study of elite international soccer athletes of both sexes revealed women more often recorded what would be considered 
abnormal ECGs — only to return normal echocardiograms. This knowledge is especially valuable when treating those who have 
recovered from COVID-19.

SOURCE: Churchill TW, Petek BJ, Wasfy MM, et al. Cardiac structure and function in elite female and male soccer players. JAMA Cardiol 
2021;6:316-325.

Normative values for ECGs and their correspond-
ing echocardiographic features are lacking in 

elite soccer players. Churchill et al assessed ECG 
and echo data from the Fédération Internationale 
de Football Association (FIFA)-mandated screening 
exams for international competition for five seasons 
(2015-2019) in the U.S. men’s and women’s national 
soccer teams.

Athletes self-reported demographic data, including 
race and ethnicity. Interpreters were experts in 
reading athlete ECGs and were blinded to other 
athlete characteristics. ECG findings were compared 
to the echo results for each athlete. There were 
122 women and 116 men included. Women were 
mainly white (71%), whereas men were evenly 
divided between white, Black, and Hispanic. Men 
reported a higher prevalence of normal training-
related ECG findings than women: voltage criteria 
for left ventricular hypertrophy (LVH) 64% vs. 11% 
(P < 0.001), voltage criteria for right ventricular 
hypertrophy (RVH) 15% vs. 1% (P < 0.001), 
incomplete right bundle branch block 13% vs. 4%  
(P = 0.03), and early repolarization 84% vs. 29%  
(P < 0.001).

There were more abnormal ECG findings in women 
(11% vs. 0%; P < 0.001), the most common of 
which was pathologic T wave inversion (69%). Echo 
data showed men had higher wall thickness values, a 
higher LV mass index, and a higher LV end-diastolic 
volume (EDV) index. In 30% of women and 41% 
of men, wall thickness exceeded the upper limit 
of normal (9 mm and 10 mm, respectively). The 
maximum wall thickness observed was 13 mm in two 
men. 

Echo showed most athletes living with either 
eccentric LVH or normal geometry. Indexed LV mass 
and EDV were above the upper limit of normal in 
most athletes. Mean LV ejection fraction (EF) was 
in the normal range in men and women, but 17 
athletes recorded an EF < 55%. Diastolic function 

was normal in all athletes. None of the women 
with abnormal T waves on their ECGs showed any 
pathology on echo, but recorded higher LV mass 
indices compared to women with normal T waves 
(102 g/m2 vs. 90 g/m2; P = 0.02) and higher LVEDV 
indices (78 mL/m2 vs. 69 mL/m2; P = 0.03). The 
authors found a bicuspid aortic valve in four athletes, 
but none exhibited aortic enlargement. Also, none 
showed significant valve regurgitation or stenosis. 
The authors concluded abnormal ECG findings are 
more common in female athletes, and both men and 
women often record measures of LV size that exceed 
the upper limits of normal.

n COMMENTARY
Distinguishing the effects of normal adaptive 
changes in LV and RV size as opposed to the effects 
of pathology on the ECG is important in screening 
athletes for participation in strenuous competitive 
sports. With the recognized effects of COVID-19 on 
the myocardium of some patients, this will become 
even more important now that many sporting 
activities are resuming. This report adds to the 
growing body of sport-specific changes in the ECG 
and echocardiogram. A major strength of this paper 
was the fact this was the largest population of elite 
female athletes reported to date.  Also notable: Soccer 
is the most popular sport worldwide, and there have 
been several highly publicized cardiac arrest events 
during competition. Hence, FIFA has mandated ECG 
and echo screening for all those in international 
competitions. Although the study population here 
was relatively small, it represents elite athletes of 
both sexes who competed in five seasons.

The expected exercise training-related effects on 
the ECG, such as signs of chamber enlargement, 
were more common in men, whereas abnormalities 
usually associated with disease were more common 
in women. The rate of overtly abnormal ECGs in 
this study was 6%, but the rate in women was 12%. 
However, none of these women with abnormal ECGs 
showed any evidence of pathology on echo. Failure 
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to recognize this would subject a significant number 
of female athletes to unnecessary false-positive 
testing. Most abnormal ECGs in women were T wave 
inversion in leads V1-V3, which usually is considered 
pathologic. The reason for this false-positive ECG 
pattern is unknown. Interestingly, four women with 
this finding on repeat ECG two years later recorded 
normal ECGs, yet they still were competitive at an 
elite level. Churchill et al also noted that in addition 
to sex, age must be considered. Adolescent athletes 
exhibited fewer ECG changes and less chamber 
enlargement than older athletes, which suggests the 
adaptation to athletic training is ongoing.

There were some limitations. Those with abnormal 
ECGs and normal echoes did not undergo further 
testing, such as MRI, nor did the group with EFs  
< 55%. It is possible at least some patients could 
have been living with an early or healing myocarditis. 
Also, these data are pertinent to elite athletes, but 
may not be translatable to non-elite sportsmen and 
women. In addition, the authors only saw serial 
data on a small subgroup, and there are no long-
term follow-up data. Despite these limitations, this 
is a significant addition to our knowledge of the 
ECG and echo findings in well-trained, competitive 
athletes and especially that of female athletes.  n

ABSTRACT & COMMENTARY

Efficacy of the Ross Procedure in Young 
Adults with Aortic Valve Disease
By Jeffrey Zimmet, MD, PhD
Associate Professor of Medicine, University of California, San Francisco; Director, Cardiac Catheterization Laboratory, 
San Francisco VA Medical Center

SYNOPSIS: Young patients who underwent the Ross procedure recorded high rates of survival and low rates of reintervention long term.

SOURCE: Aboud A, Charitos EI, Fujita B, et al. Long-term outcomes of patients undergoing the Ross procedure. J Am Coll Cardiol 
2021;77:1412-1422.

Surgical and interventional options for treatment 
of aortic valve disease have expanded significantly 

over the past two decades. In younger patients, 
options remain more limited. Durability issues 
with bioprosthetic valves are more pronounced in 
younger patients. Mechanical valves are featured 
prominently in the guidelines for this group but come 
with the need for long-term anticoagulation and 
anticoagulation-associated morbidity.

The Ross procedure, first performed in 1967,1 uses 
the patient’s own pulmonic valve as an autograft in 
the aortic position as a method to closely mimic the 
hemodynamics of the native aortic root and avoid the 
early degeneration seen with alternative approaches. 
Then, the surgeon replaces the pulmonary valve with 
either a homograft or a xenograft.

Aboud et al reported on long-term follow-up from 
the European Ross Registry, which includes data 
about Ross procedures performed at 10 high-
volume centers. The registry includes retrospective 
information collected from 1988 to 2001, combining 
this with a systematic prospective registry that was 
initiated in 2002. In all, 2,444 adult patients were 
included in the Aboud et al analysis. The mean age 
was 44.1 years, and 75.8% of patients were men. 
Outcomes were analyzed for the entire group and 

for the three major subsets of surgical technique: 
subcoronary, root replacement, or root replacement 
with additional reinforcement procedures. The 
integrity of the data was excellent, and follow-up 
was available for up to 25 years. Mean follow-up 
was 9.5 years, such that the results presented are 
most relevant for the period up to 15 years out from 
surgery.

Overall, these were younger patients with relatively 
low rates of significant comorbidities. Only 5% of 
the total were older than age 60 years. Hypertension 
was the most common coexisting condition (29% 
of patients). Only 5.1% carried a diagnosis of 
coronary disease, 2.8% had renal disease, and 2.6% 
had chronic pulmonary disease. LVEF was > 50% 
in 87% of patients. A total of 12% of patients 
underwent a procedure for acute endocarditis, while 
most had noninfectious aortic stenosis, regurgitation, 
or combined disease. Early mortality was low 
(1%). Following the early postoperative period, the 
authors reported survival of Ross patients was not 
statistically different from age- and sex-matched 
controls from the general population. Of the 191 
deaths recorded in the study, 86 were cardiac-
related and seven were related to redo procedures. 
Cumulative overall survival was 95.4% at 10 years, 
79.4% at 20 years, and 75.8% at 25 years.
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A total of 9.2% of patients underwent reinterven-
tions related to the Ross procedure during follow-
up. This included a relatively even mix of autograft 
and right ventricular outflow tract reinterventions, 
with a minority of reinterventions performed via a 
transcatheter approach. Freedom from Ross-related 
reintervention was 95.4% at five years, 84.7% 
at 15 years, 77.6% at 20 years, and 61.5% at 25 
years. Rates of other major adverse events, including 
bleeding, valve thrombosis, and stroke, were low in 
the entire cohort. The authors concluded the Ross 
procedure, when performed by experienced profes-
sionals, is associated with good long-term survival 
and low rates of reintervention and major morbidity. 
They argued this procedure should be more strongly 
considered as a treatment option for younger adults 
with aortic valve disease.

n COMMENTARY
Interventional treatment of aortic valve disease, 
most particularly in older and higher-risk patients, 
has advanced significantly over the past decade. 
This period has seen improvements in minimally 
invasive surgical techniques, as transcatheter aortic 
valve replacement (TAVR) has evolved from a niche 
procedure toward becoming the dominant treatment 
modality for aortic stenosis. The availability of 
TAVR, in particular valve-in-valve procedures, 
has become part of the inevitable creep toward 
application of these less-invasive procedures as a 
primary option, even for nonelderly patients.

Some believe a bioprosthesis can be implanted in 
the aortic position as an initial procedure — even in 

young patients, either by surgical or transcatheter 
methods. When this prosthesis succumbs to the 
inevitable accelerated structural degeneration, it can 
be treated with downstream valve-in-valve TAVR, 
or with some mix of TAVR and redo surgery. For 
patients in intermediate age and risk categories, 
this may represent a viable strategy. For younger 
patients, multiple repeat procedures carry their own 
risks. Current guidelines emphasize a preference 
for mechanical valves in patients < 50 years of 
age, and a full discussion of the decision between 
mechanical and bioprostheses in patients between 
age 50 and 65 years. The Ross procedure is given a 
IIb recommendation, with sparse text cautioning the 
reader about the risk of valve degeneration and both 
the rate and relative difficulty of reoperation.2

The Aboud et al study was the largest of its kind 
showing longer-term data from the Ross procedure, 
demonstrating overall excellent survival and freedom 
from reintervention. For younger patients with 
relatively few comorbidities who require aortic valve 
intervention, the Ross procedure should be a strong 
consideration when experienced surgeons working in 
comprehensive valve centers are available.  n
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ABSTRACT & COMMENTARY

Importance of Atherosclerotic Disease Risk 
Factors in Myocardial Infarction Patients
By Michael H. Crawford, MD, Editor
SYNOPSIS: ST-elevation myocardial infarction patients without standard risk factors recorded a higher all-cause mortality rate that was 
particularly evident in women. Using proper therapy in these patients may attenuate this risk.

SOURCE: Figtree GA, Vernon ST, Hadziosmanovic N, et al. Mortality in STEMI patients without standard modifiable risk factors:  
A sex-disaggregated analysis of SWEDEHEART registry data. Lancet 2021;397:1085-1094.

Acute ST-elevation myocardial infarction  
 (STEMI) in patients without a history of 

standard modifiable cardiovascular risk factors for 
atherosclerosis occurs in about 10-25% of patients. 
Generally, clinicians believe such patients fare better 
short and long term compared to their counterparts 
with standard risk factors, but this notion has not 
been examined adequately. To test this hypothesis 
in general and by sex, Figtree et al analyzed 

the Swedish Web-system for Enhancement and 
Development of Evidence-based care in Heart disease 
Evaluated According to Recommended Therapies 
(SWEDEHEART) database. The authors identified 
patients with the first presentation of a STEMI and 
no history of coronary artery disease (CAD). Among 
62,048 such patients, 33% were women, and 15% 
presented with a standard risk factor (17% men 
and 11% women; P < 0.001). Standard modifiable 
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cardiovascular risk factors included hypertension 
(70%), elevated LDL cholesterol (> 135 mg/dL or 
total cholesterol > 212 mg/dL; 48%), smoking one or 
more cigarettes/day (33%), and diabetes (21%) — all 
diagnosed before their STEMI. The primary endpoint 
was all-cause mortality at 30 days. Secondary 
endpoints were major cardiac or cerebral events 
(MACCE) in hospital at 30 days, five years, and at 
the end of follow-up or death.

The primary endpoint was 11.3% in the group 
without risk factors vs. 7.9% in the group with 
risk factors (P < 0.0001). The hazard ratio (HR) 
was 1.47 (95% CI, 1.37-1.57; P < 0.001), which 
still was significant when the authors considered a 
multivariate adjustment for other factors known 
to be associated with 30-day mortality (HR, 1.24; 
95% CI, 1.10-1.39; P < 0.0003). Mortality at 30 
days in women without standard risk factors was 
17.6% vs. 11.2% in women with standard risk 
factors. The mortality rate in men without standard 
risk factors was 9.3% vs. 6.1% in men with 
standard risk factors. In-hospital death and five-year 
cardiovascular death were higher in men without 
standard risk factors than men with standard risk 
factors. In women, this difference was similar and 
persisted for 12 years. There were several significant 
differences in the characteristics of the two groups, 
but few were clinically significant. Importantly, 
using angiotensin-receptor blockers, beta-blockers, 
and statins were less frequent in the group without 
standard risk factors (P < 0.0001). The authors 
concluded STEMI patients without standard risk 
factors record a higher all-cause mortality rate that is 
particularly evident in women. Further, using proper 
therapy in these patients may attenuate this risk.

n COMMENTARY
Figtree et al explored other characteristics of 
patients without standard risk factors that would 
explain their higher death rate after MI. However, 

body mass index and triglycerides were lower, and 
HDL cholesterol was higher in the group without 
standard risk factors. C-reactive protein levels were 
not different, and there was no difference in door-to-
balloon or thrombolysis time. Spontaneous coronary 
artery dissection was considered and was more 
common in the group without standard risk factors 
(1.7% vs. 0.8%), but is unlikely to explain all the 
differences observed. 

Of course, there could be multiple risk factors at just 
below the diagnostic or therapeutic threshold that in 
aggregate could explain the differences in outcomes. 
Perhaps this is why those treated with standard 
risk reduction therapy fared better. Also, the excess 
mortality was early and diminished over time, which 
suggests it may have been caused by arrhythmias. 
Renin-angiotensin-aldosterone system inhibitors and 
beta-blockers reduce arrhythmias and early post-
MI mortality. Accordingly, Figtree et al suggested 
STEMI patients without risk factors be treated just 
as aggressively pharmacologically as those with risk 
factors.

There were several strengths to this study. It was 
large, and the follow-up period was long. Also, 
there were comprehensive data collected on these 
patients, which allowed the authors to examine many 
potentially meaningful clinical factors. There also 
were several limitations. This was an observational 
study, so there could have been unmeasured 
confounders and biases. The authors used cutpoints 
for who did or did not have a risk factor when it 
is likely that risk factors are a continuous gradient. 
Importantly, there were no data on family history, 
socioeconomic factors, or psychosocial factors. 
Thus, the findings must be considered hypothesis-
generating. However, the findings do counter the 
prevalent concept that an MI usually is self-induced 
because of inadequate management of treatable risk 
factors.  n

ABSTRACT & COMMENTARY

Another Agent for Hypercholesterolemia
By Michael H. Crawford, MD, Editor
SYNOPSIS: A pooled analysis of three randomized, controlled trials of inclisiran in patients with atherosclerotic cardiovascular disease or its 
risk equivalent showed impressive reductions in LDL cholesterol with subcutaneous injections every six months.

SOURCE: Wright RS, Ray KK, Raal FJ, et al. Pooled patient-level analysis of inclisiran trials in patients with familial hypercholesterolemia or 
atherosclerosis. J Am Coll Cardiol 2021;77:1182-1193.

Proprotein convertase subtilisin/kexin type 9 
(PCSK9) lowers LDL cholesterol receptor levels 

by inhibiting their ability to be recycled to the cell 
surface, which hinders the removal of LDL particles 

from circulation. Current monoclonal antibodies 
targeting PCSK9 are quite effective in lowering LDL 
levels but require subcutaneous injections every two 
to four weeks.
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Inclisiran is a double-stranded RNA molecule 
that suppresses PCSK9 translation in the liver and 
lowers circulating concentrations of PCSK9 and 
LDL. Three Phase III placebo-controlled, double-
blind, randomized trials of inclisiran injected 
subcutaneously every six months showed the drug 
lowers LDL by about 50% and is well tolerated. This 
report provides pooled patient-level data.

The authors of ORION-9 studied patients with 
heterozygous familial hypercholesterolemia. The 
authors of ORION-10 studied patients with 
atherosclerotic cardiovascular disease (ASCVD) and 
elevated LDL levels. The authors of ORION-11 
studied subjects with ASCVD or its equivalent and 
elevated LDL. Inclusion criteria for the three studies 
were elevated LDL levels > 70 mg/dL for those with 
ASCVD or > 100 mg/dL for the rest on maximally 
tolerated doses of statins, with or without other 
agents or documented intolerance to two statins. In 
all three studies, inclisiran 300 mg was injected on 
days 1, 90, 270, and 450. The primary endpoint was 
the change in LDL from baseline and compared to 
placebo levels. The pooled study population included 
3,660 participants, and 94% of subjects completed 
the protocol. ASCVD was present in 85% of the 
subjects, and 92% were on statins. The mean LDL 
level at baseline was 112 mg/dL in the inclisiran 
group and 111 mg/dL in the placebo group.

Compared to placebo, inclisiran cut LDL levels 
by 51% at day 510. Injection site-related adverse 
events were more common in the inclisiran group 
(5% vs. 0.7% in the placebo group). These were 
predominantly mild (67%); none were severe. There 
were no significant changes in laboratory values 
for liver and kidney function nor creatine kinase 

values or platelet counts. The authors concluded 
that in subjects with familial hypercholesterolemia, 
ASCVD, or ASCVD equivalents, inclisiran injected 
twice-yearly in addition to maximally tolerated statin 
therapy is safe and efficacious for reducing LDL 
levels to target.

n COMMENTARY
All clinicians recognize statin adherence is a 
challenge for many reasons: too many pills, 
perceived muscle symptoms, fear of liver injury, 
and more. The monoclonal antibodies against 
PCSK9 are a major advance in this regard, but an 
injection every two to four weeks is not acceptable 
to everyone. Thus, the development and early 
success of these inclisiran trials is encouraging. 
An injection every six months is likely to be better 
accepted and could correspond to patients’ routine 
physician visits. The paucity of adverse effects is 
reassuring. Other than mild to moderate injection 
site symptoms, the only other adverse effect detected 
was an increase in bronchitis (5% vs. 2.7%), which 
is of uncertain significance. Of course, with this 
relatively small group of subjects studied for less 
than two years, rare adverse effects may not have 
been detected.

Inclisiran lowered LDL to < 100 mg/dL in 100% of 
subjects, to < 70 mg/dL in 68% of subjects, and to  
< 50 mg/dL in 52%. Also, inclisiran lowered the 
levels of other atherogenic lipids, such as total 
cholesterol, Apo-B, and non-HDL cholesterol. These 
robust effects should profoundly affect atherosclero-
sis and related major adverse cardiovascular events. 
Cardiologists await the clinical outcome trials, but 
the initial data are encouraging for eventual FDA 
approval.  n
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1.  Which ECG finding is more common in elite 
women athletes?

a. Voltage criteria for left ventricular 
hypertrophy

b. Voltage criteria for right ventricular 
hypertrophy

c. Early repolarization

d. Abnormal T wave inversions

2.  In an analysis of a large national database, 
acute myocardial infarction patients without 
the standard risk factors for atherosclerosis 
made up what percentage of the population?

a. 0%

b. 5%

c. 15%

d. 35%

3.  Randomized trial data showed inclisiran 
injected twice a year reduces LDL cholesterol 
in patients on maximally tolerated statin 
therapy by about:

a. 10%. 

b. 25%.

c. 50%.

d. 75%.

4.  In patients with the more common 
hyperadrenergic form of postural orthostatic 
tachycardia syndrome, ivabradine therapy 
resulted in:

a. a slower standing heart rate.

b. a higher standing blood pressure.

c. less fatigue.

d. higher plasma norepinephrine levels.

5.  A large European registry of younger patients 
undergoing the Ross procedure for aortic valve 
disease has shown a 10-year survival rate of:

a. 100%.

b. 95%.

c. 80%.

d. 67%.
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