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A 44-year-old man presented with a 4-day history of 
an itchy rash and a 2-day history of fever and malaise. 
The rash had first appeared on the scalp and then 
spread across the body within 24 hours. What is the 
most likely diagnosis?

Cutaneous T-cell lymphoma 

Dengue fever

Disseminated gonococcal infection

Primary varicella infection

Small pox 

A polymerase-chain-reaction assay of fluid from a vesicle was 
positive for varicella–zoster virus. The patient reported no 
history of chicken pox or varicella vaccination. Primary varicella 
infection, or chicken pox, in adults is often more severe than in 
children, which highlights the importance of childhood 
vaccination. Adults with varicella infection — even 
immunocompetent ones, such as this patient — have an 
increased risk of complications, such as pneumonia and 
encephalitis.



Aficamten ist ein investigationaler Medikamentenwirkstoff 
zur Behandlung der hypertrophen Kardiomyopathie (HCM), 
der die kardiale Myosinfunktion hemmt. Es ist ein kleiner, 
niedermolekularer Inhibitor, der die Hyperkontraktilität des 
Herzmuskels reduziert, was zu einer Verringerung der 
Symptome und einer Verbesserung der körperlichen 
Leistungsfähigkeit führt. Erste Studienergebnisse zeigen eine 
Wirksamkeit, und es wird derzeit in Phase-3-Studien für 
verschiedene Formen der HCM untersucht, einschließlich 
nicht-obstruktiver HCM.

Wirkmechanismus

• Aficamten ist ein kardialer Myosin-Inhibitor, der die 
Überaktivität des Herzmuskels verringert.

• Es verringert die Anzahl der aktiven Aktin-Myosin-
Kreuzbrücken im Herzen, was die Kontraktionskraft 
reduziert.

• Aficamten reduces myocardial contractility (inotropy) by 
directly binding to cardiac myosin, which stabilizes the 
myosin pre-power stroke state and reduces the number of 
excessive myosin-actin cross-bridges, thus decreasing force 
generation in hypertrophic cardiomyopathy (HCM). This 
mechanism directly addresses the hypercontractility that 
causes left ventricular outflow tract (LVOT) obstruction in 
HCM.

The most common German words for "ratchet" are die 
Ratsche and die Knarre, both referring to the tool itself.
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Beta-blockers have been the initial treatment for symptomatic 
obstructive hypertrophic cardiomyopathy (HCM) despite 
limited evidence of their efficacy. Aficamten is a cardiac myosin 
inhibitor that reduces left ventricular outflow tract gradients, 
improves exercise capacity, and decreases HCM symptoms 
when added to standard medications. Whether aficamten as 
monotherapy provides greater clinical benefit than beta-
blockers as monotherapy remains unknown.
We conducted an international, double-blind, double-dummy 
trial in which adults with symptomatic obstructive HCM were 
randomly assigned in a 1:1 ratio to receive aficamten (at a daily 
dose of 5 mg to 20 mg) plus placebo or metoprolol (at a daily 
dose of 50 mg to 200 mg) plus placebo. The primary end point 
was the change in peak oxygen uptake at week 24; secondary 
end points were improvement at week 24 in New York Heart 
Association (NYHA) functional class and changes at week 24 in 
Kansas City Cardiomyopathy Questionnaire clinical summary 
score (KCCQ-CSS), left ventricular outflow tract gradient after 
the Valsalva maneuver, N-terminal pro–B-type natriuretic 
peptide (NT-proBNP) level, left atrial volume index, and left 
ventricular mass index.



Since the observation by Cohen and Braunwald almost 60 years ago that blocking the beta-
adrenergic receptor could reduce left ventricular outflow tract obstruction, beta-blockers have 
been used as first-line treatment in patients with symptomatic obstructive HCM. However, this 
practice has been based largely on expert opinion, with only a few small, single-center, 
placebo-controlled studies supporting guideline recommendations.
Aficamten is a next-in-class cardiac myosin inhibitor that reduces myocardial hypercontractility 
by decreasing the number of active actin–myosin cross-bridges within the sarcomere. It has no 
clinically important drug–drug interactions and is pharmacologically designed to have a 
shallow dose–response relationship that facilitates individualized dose adjustments. In a 
recent trial, aficamten resulted in a substantial decrease in left ventricular outflow tract 
obstruction, a decrease in symptoms, and improvements in functional capacity, cardiac 
structure, and cardiac biomarkers as compared with placebo in patients with symptomatic 
obstructive HCM despite the receipt of conventional standard therapy, including beta-blockers 
in the majority of patients. Whether aficamten administered as monotherapy would be 
superior to beta-blockers as monotherapy is unknown. The MAPLE-HCM (Metoprolol versus 
Aficamten in Patients with Left Ventricular Outflow Tract Obstruction on Exercise Capacity in 
HCM) trial was a phase 3 trial that compared aficamten as monotherapy with beta-blockade 
with metoprolol as monotherapy in patients with symptomatic obstructive HCM.



Methods
Trial Design and Oversight
The MAPLE-HCM trial was a head-to-head, phase 3, international, double-blind, double-dummy, 
randomized trial in which patients with symptomatic obstructive HCM received aficamten plus 
placebo (in place of metoprolol) or metoprolol plus placebo (in place of aficamten). 
Patients
Eligible patients were 18 to 85 years of age and had received a diagnosis of HCM, which 
was defined by a left ventricular wall thickness of at least 15 mm (or ≥13 mm in the 
presence of a disease-causing genetic variant or family history of HCM). At screening, 
patients were required to have a left ventricular ejection fraction of at least 60% and 
evidence of resting obstruction (left ventricular outflow tract gradient of ≥30 mm Hg at 
rest) or latent obstruction (left ventricular outflow tract gradient of ≥50 mm Hg after the 
Valsalva maneuver). Patients were required to have symptoms and impaired functional 
capacity, as evidenced by New York Heart Association (NYHA) functional class II or III heart 
failure.
End Points
The primary end point was the change from baseline to week 24 in peak oxygen uptake as 
assessed during cardiopulmonary exercise testing. 
 



End Points and Vital Signs.

Safety Variables.









Adult peak oxygen consumption, or peak VO2, is the highest rate at which an individual's body can use oxygen during 
intense exercise, and it varies significantly by age, sex, and fitness level. For a healthy adult, the mean relative peak VO2 is 
approximately 35 mL/kg/min for males and 29 mL/kg/min for females, with values generally declining with age. This 
measurement is a key indicator of cardiovascular health and fitness and is assessed through cardiopulmonary exercise 
testing.

Mavacamten and aficamten are both cardiac myosin inhibitors used to treat obstructive hypertrophic cardiomyopathy 
(oHCM), but aficamten has a shorter half-life, lacks significant drug-drug interactions, has a wider therapeutic window, and shows lower 
rates of left ventricular ejection fraction (LVEF) reduction compared to mavacamten, which has a longer half-life and is associated with 
higher risks of atrial fibrillation, heart failure, and treatment interruptions due to LVEF reduction. Aficamten's distinct pharmacodynamic and 
pharmacokinetic properties make it a more rapidly titratable and safer, investigational option in some contexts.



Mavacamten is approved to treat adults with symptomatic 
obstructive hypertrophic cardiomyopathy (HCM). However, its 
effects in nonobstructive HCM remain uncertain.
We conducted a phase 3, international, double-blind, placebo-
controlled, clinical trial to determine whether mavacamten 
improves functional capacity and patient-reported health 
status among adults with symptomatic nonobstructive HCM. 
Patients were randomly assigned in a 1:1 ratio to receive 
mavacamten (starting at 5 mg per day and adjusted up to a 
maximum of 15 mg per day on the basis of left ventricular 
ejection fraction) or placebo (with sham dose adjustment) for 
48 weeks. The two primary end points were the change from 
baseline to week 48 in peak oxygen uptake and in the 23-item 
Kansas City Cardiomyopathy Questionnaire clinical summary 
score (KCCQ-CSS; scores range from 0 to 100, with higher 
scores indicating better health status).



Accordingly, there is an unmet medical need for safe and more-effective treatments for patients 
with symptomatic nonobstructive HCM that increase functional capacity, reduce symptoms, and 
improve quality of life.
In studies involving patients with symptomatic obstructive HCM, mavacamten decreased outflow 
tract obstruction, improved quality of life, reduced symptom burden, increased exercise capacity, 
and reduced eligibility for septal reduction therapy with favorable effects on short- and long-term 
cardiac remodeling. On the basis of these findings, mavacamten is approved in multiple countries to 
treat adult patients with obstructive HCM who remain symptomatic despite treatment with beta-
blockers or calcium-channel blockers. Mavacamten also has a class I recommendation for treatment 
of HCM in U.S. practice guidelines and a class IIa recommendation in European practice guidelines. 
A small, phase 2, placebo-controlled trial involving patients with nonobstructive HCM showed 
improvements in N-terminal pro–B-type natriuretic peptide (NT-proBNP) and troponin I levels with 
mavacamten. We conducted a phase 3 trial (ODYSSEY-HCM) to assess whether mavacamten 
improves functional capacity and patient-reported health status in adult patients with symptomatic 
nonobstructive HCM.



The trial enrolled symptomatic patients who met established diagnostic criteria for 
nonobstructive HCM. Full inclusion and exclusion criteria are provided. Patients were at least 18 
years of age and had a peak left ventricular outflow tract gradient of less than 30 mm Hg at rest 
and less than 50 mm Hg during provocation, New York Heart Association (NYHA) functional class 
II or III heart failure, a score of 85 or lower on the 23-item Kansas City Cardiomyopathy 
Questionnaire clinical summary score (KCCQ-CSS; scores range from 0 to 100, with higher scores 
indicating fewer symptoms and better physical functioning), a left ventricular ejection fraction of 
at least 60% as measured by transthoracic echocardiography and assessed by the core laboratory, 
a respiratory exchange ratio of at least 1.0 during cardiopulmonary exercise testing, and a locally 
assessed NT-proBNP level above the upper limits of the normal range.
Mavacamten was added to usual-care background treatments, which could be continued 
for the duration of the trial. Patients were required to be clinically stable and could not 
initiate, discontinue, or adjust the dose of new cardiac medications within 2 weeks 
before screening and up to the day of randomization. Eligible patients were randomly 
assigned in a 1:1 ratio to receive mavacamten or placebo once daily for 48 weeks.
End Points
The two primary end points were the change from baseline to week 48 in peak oxygen 
consumption as determined by cardiopulmonary exercise testing and the change from 
baseline to week 48 in the KCCQ-CSS. 



Primary and Secondary Efficacy End Points at Week 48 in the 
Randomized Population.









Lifestyle interventions after a heart attack 
(myocardial infarction, or MI) focus 
on secondary prevention, which 
includes smoking cessation, adopting a heart-
healthy diet, regular physical activity, 
maintaining a healthy weight, and managing 
conditions like high blood pressure, high 
cholesterol, and diabetes. Psychological well-
being, managing stress through relaxation 
techniques, and ensuring adequate sleep are 
also crucial components. Participation in a 
comprehensive cardiac rehabilitation program is 
highly recommended, as it integrates and 
supports these lifestyle changes, ultimately 
improving long-term health and reducing the 
risk of future events.



The benefit of rehabilitation interventions in patients 
who are 65 years of age or older with myocardial 
infarction and impaired physical performance remains 
unclear.
In this multicenter, randomized trial conducted in Italy, 
we assigned older patients with impaired physical 
performance 1 month after myocardial infarction in a 
2:1 ratio to receive either an intervention consisting of 
control of cardiovascular risk factors, dietary counseling, 
and exercise training (intervention group) or usual care 
(control group). The primary outcome was a composite 
of cardiovascular death or unplanned hospitalization for 
cardiovascular causes within 1 year.



Myocardial infarction remains the leading cause of death and complications in older adults. 
Despite advancements in acute care, this population has a higher incidence of recurrence of 
myocardial infarction, unplanned hospitalization, and death than younger adults. Cardiac 
rehabilitation is a key component of secondary cardiovascular prevention, but traditional 
programs have several challenges, including low participation, early withdrawal, and high 
costs. These limitations are even more pronounced among patients who are older or have 
frailty or physical impairment.
After myocardial infarction, older adults represent the least physically active group, which 
often results in accelerated physical decline, disability, and loss of independence. Although 
maintaining or improving physical function in this population is as critical as short-term 
treatment, a minority of older adults participate in cardiac rehabilitation programs, so the 
need for alternative models has been advocated.
To address these issues, we conducted a trial to evaluate whether an early, tailored, 
multidomain rehabilitation intervention focusing on management of cardiovascular risk 
factors, dietary counseling, and exercise training could improve outcomes in older patients 
with impaired physical performance 1 month after myocardial infarction, as compared with 
standard care.



Methods
Trial Design and Oversight
The Physical Activity Intervention in Elderly Patients with Myocardial Infarction (PIpELINe) trial was a 
randomized, investigator-initiated, multicenter superiority trial. Details of the trial design have been 
described previously.
Patients
Patients were eligible for screening if they were 65 years of age or older, had been admitted for 
either ST-segment elevation myocardial infarction (STEMI) or non–ST-segment elevation 
myocardial infarction (NSTEMI), had undergone successful coronary revascularization, and had 
a score of 4 to 9 on the Short Physical Performance Battery.
This exercise program included a series of exercises from the Otago Program (balance and 
functional strength exercises for lower and upper limbs) and at least 20 minutes of moderate 
walking performed at least four times per week. The individualized exercise program was based 
on the results of the 1-km treadmill walking test. Exercise intensity and progression were 
individualized on the basis of the patient’s performance at each session.
Outcomes
The primary outcome was a composite of cardiovascular death or unplanned hospitalization for 
cardiovascular causes within 1 year after randomization. Key secondary outcomes were 
individual components of the primary outcome and death from any cause.



Primary and Secondary Outcomes.











Das Marburg-Virus ist ein Filovirus, das eine 
schwere, oft tödliche Krankheit, das 
sogenannte Marburg-Fieber, verursacht. Es 
gehört zur Familie der Filoviren wie auch das 
Ebola-Virus. Die Krankheit beginnt mit 
Symptomen wie Fieber, Muskelschmerzen 
und Kopfschmerzen, gefolgt von Erbrechen, 
Durchfall und Blutungen, bis hin zu 
Multiorganversagen. Die Übertragung von 
Mensch zu Mensch erfolgt durch direkten 
Kontakt mit Körperflüssigkeiten infizierter 
Personen, nicht über die Luft. Es gibt weder 
eine Impfung noch eine spezifische 
Behandlung, nur unterstützende 
Maßnahmen wie Flüssigkeitszufuhr.

Filoviridae oder Filoviren sind eine Virusfamilie, zu der meist 
fadenförmige, behüllte Einzel-Strang-RNA-Viren [ssRNA] gehören. 
Sie zählen zu den größten bekannten RNA-Viren.



Background
On September 27, 2024, Rwanda reported an outbreak of Marburg virus disease (MVD), after a 
cluster of cases of viral hemorrhagic fever was detected at two urban hospitals.
Methods
We report key aspects of the epidemiology, clinical manifestations, and treatment of MVD 
during this outbreak, as well as the overall response to the outbreak. We performed a 
retrospective epidemiologic and clinical analysis of data compiled across all pillars of the 
outbreak response and a case-series analysis to characterize clinical features, disease 
progression, and outcomes among patients who received supportive care and investigational 
therapeutic agents.
Conclusions
Implementation of containment measures, advanced supportive care, and access to 
investigational countermeasures may have contributed to reduced mortality from MVD in this 
outbreak. Enhancing surveillance, improving infection prevention and control in health care 
settings, and ensuring timely deployment of medical countermeasures will be critical for 
mitigating the effects of future filovirus disease outbreaks.



Methods
Study Design and Data Sources
To provide a comprehensive account of the outbreak, we conducted an integrated analysis using 
both prospectively and retrospectively collected data. Data sources included epidemiologic 
surveillance, clinical case, and laboratory records. We characterized the transmission dynamics of 
the outbreak over time and conducted a complete clinical case review involving all patients with 
laboratory-confirmed MVD.
Testing and treatment data were captured in the District Health Information System 2 (DHIS2), the 
comprehensive public health database maintained by the Ministry of Health for collecting routine 
case-level data. Clinical data were documented in the electronic medical records of hospitals in 
which patients with MVD received care or in paper-based bedside charts at the national treatment 
center that had been set up in response to the outbreak. From these sources, a team of physicians 
systematically extracted data elements for the case-series analysis; the data were linked by patient 
identifiers with MVD case records in the DHIS2.



Demographics of the patients Patient outcomes



Complications





Discussion
This MVD outbreak in Rwanda represents the first documented occurrence of the virus in the country 
and emergence in a densely populated urban setting. Unlike past MVD outbreaks, which have been 
marked by high case fatality and delayed detection in remote regions, this outbreak saw the rapid 
initiation of a multisectoral response, which is likely to have contributed to a lower case fatality (23%). 
Although direct comparisons across outbreaks are limited by differences in surveillance, health care 
capacity, and diagnostic access, this experience underscores the potential effect of early case 
identification, aggressive supportive care, and access to investigational treatments in mitigating 
mortality from MVD.
In this outbreak, nosocomial transmission accounted for 77% of cases, which underscores the need to 
strengthen infection prevention and control measures in health care settings in areas where viral 
hemorrhagic fever is endemic, especially in the context of resuscitation of critically ill patients. An 
important challenge in this setting was that many of the affected health care workers were caring for 
critically ill colleagues, often under stressful conditions. Studies of previous filovirus disease outbreaks 
suggest that familiarity with infected patients, high emotional burden, and emergency clinical 
interventions may contribute to lapses in infection prevention and control measures. Improvements in 
the capacity for testing and earlier consideration of MVD in the differential diagnosis of severe febrile 
illness are also necessary, particularly in high-risk regions where viral hemorrhagic fever may initially 
be unrecognized and mimic other endemic febrile illnesses, such as malaria.



Genes most commonly associated with hypertrophic cardiomyopathy (HCM) are MYH7 (coding for beta-myosin heavy 
chain) and MYBPC3 (coding for myosin binding protein C), which account for a significant percentage of cases. Other genes 
involved in the sarcomere's thick and thin filaments, such as TNNT2 (troponin T), TNNI3 (troponin I), TPM1 (alpha-
tropomyosin), and ACTC1 (cardiac alpha-actin 1), can also cause HCM.

Hypertrophic cardiomyopathy genes and mutations



Hypertrophic cardiomyopathy (HCM) is a complex, heterogeneous disorder that 
directly affects only the heart. It is characterized by hypertrophy of any portion of 
the left ventricular wall, frequently involves the basal interventricular septum, and is 
not explained by abnormal loading conditions or myocardial infiltration. HCM is the 
most common monogenic cardiac disorder, with a prevalence of approximately 1 in 
every 500 adults. It occurs worldwide in both sexes, among all races, and in all age 
groups. The left ventricular cavity is usually small in patients with HCM, with 
increased contractility and abnormally elevated ejection fraction. Histologic findings 
include myocytes that are enlarged and in disarray and the presence of interstitial 
fibrosis and thick-walled intramural coronary arteries







Reductions (Improvements) Induced by 
Cardiac Myosin Inhibitor Therapy.

Major Applications of Imaging in HCM.



Comparison of Phase 3 Trials





The Future
Although there has been substantial progress in the understanding, 
diagnosis, and management of HCM, research is active on several fronts. 
In the short term, there are important questions that should be 
addressed regarding cardiac myosin inhibitors (see above). Because the 
action of these agents ceases shortly after their discontinuation, will 
lifetime administration be necessary in patients with obstructive HCM? 
If so, in which subgroup? Will there be a role for cardiac myosin 
inhibitors in children with obstructive HCM? Can these drugs have a role 
in reducing the incidence of the patient profile that is gene positive and 
phenotype positive with left ventricular outflow-tract obstruction and 
has the accompanying risk of sudden cardiac death or ventricular 
dysfunction (or both)? Other areas of interest include deeper analyses 
of mitochondrial function, energetics, and inflammation.





A 93-year-old woman was evaluated by her primary care physician because of dyspnea.
The patient had been in her usual state of health, which included being independent with respect 
to activities of daily living and participating in light exercise daily, until 1 month before the current 
presentation, when dyspnea developed.
Seven years before the current presentation, echocardiography was performed to assess a 
systolic murmur that radiated to the carotid arteries, and aortic stenosis was diagnosed. Five 
years before the current presentation, osteoarthritis that had been refractory to treatment 
resulted in total knee replacement; while the patient was hospitalized, arrhythmia was detected 
on telemetry and atrial fibrillation was diagnosed. During that hospitalization, repeat 
echocardiography was performed.
Transthoracic echocardiography showed stable aortic stenosis, with a mean aortic-valve gradient 
of 18 mm Hg (<20 is mild), a peak aortic velocity of 2.8 m per second (<3.0 is mild), and an aortic-
valve area of 1.5 cm2 (>1.5 is mild).



Anticoagulant therapy was not started at that time. However, 15 months before the current 
presentation, atrial flutter developed and treatment with apixaban and metoprolol was started. 
Echocardiography was performed. Transthoracic echocardiography showed progression of aortic 
stenosis, with a mean gradient of 23 mm Hg, a peak velocity of 3.0 m per second, and an aortic-valve 
area of 0.9 cm2.
At the current presentation, the patient reported that the onset of dyspnea had been gradual and had 
progressed steadily during the past month. She stated that she had previously maintained a regular 
schedule of physical activity that had included dancing and daily walks but that the shortness of 
breath now prevented her from participating in these activities. She had no chest pain, palpitations, 
weight gain, leg swelling, or orthopnea, and she did not awaken at night with shortness of breath. She 
reported no melena or blood in the stool.
Additional medical history included stage 3a chronic kidney disease, type 2 diabetes mellitus, 
sensorineural hearing loss in both ears (for which she used hearing aids), Hashimoto’s thyroiditis, 
vitamin B12 deficiency, obstructive sleep apnea, and depression. Granulomatosis with polyangiitis was 
diagnosed 17 years before the current presentation and had been treated with cyclophosphamide, 
followed by azathioprine and low-dose prednisone, which had led to remission; treatment with 
azathioprine was stopped 9 years before the current presentation, and low-dose prednisone therapy 
was continued. 



The most recent screening colonoscopy was performed when the patient was 78 years of 
age (15 years before the current presentation), and no polyps were seen. Other surgical 
history included hysterectomy and total replacement of one knee at 85 years of age and the 
other at 88 years of age.
Other medications included aspirin, calcium carbonate, vitamin D, vitamin B12, citalopram, 
glipizide, and levothyroxine. The patient had no known adverse reactions to medications. 
Approximately 2.5 years before the current presentation, she had moved to an assisted-
living facility after the death of her husband. She was a lifelong nonsmoker and did not 
drink alcohol or use illicit drugs.
On examination, the temporal temperature was 36.2°C, the blood pressure 123/62 mm Hg, 
the pulse 61 beats per minute, the respiratory rate 12 breaths per minute, and the oxygen 
saturation 100% while the patient was breathing ambient air. The body-mass index (the 
weight in kilograms divided by the square of the height in meters) was 23.2. She appeared 
mildly fatigued but was in good spirits. The jugular venous pressure was estimated at 5 cm 
of water. The heart rhythm was regular, with normal heart sounds, and S2 was normal. A 
grade 4/6 systolic murmur that did not obscure the second heart sound was noted. The 
lungs were clear on auscultation. The skin was not pale. She had no leg edema. An 
electrocardiogram (ECG) showed sinus rhythm. Imaging studies were obtained.



Chest Radiographs.
A frontal radiograph of the chest (Panel A) shows a normal cardiac silhouette without pulmonary edema. 
Stable pleuroparenchymal scarring is present in the lung apexes. Coronary and aortic-valve calcifications are 
seen on a lateral radiograph (Panel B, arrows).



Diagnostic Testing
A complete blood count was performed, and the level of hemoglobin was 7.7 g per deciliter 
(reference range, 12.0 to 16.0), which had decreased from a level of 10.6 g per deciliter obtained 
2 months earlier. The remainder of the complete blood count was normal. The blood levels of 
iron and ferritin were normal, and the reticulocyte count was 1.1% (reference range, 0.5 to 2.0); 
the corrected reticulocyte count was 0.8% (reference range, 0.5 to 2.0), and the reticulocyte 
production index was 0.4 (reference value, >3.0). When the patient was asked again about stool 
color, she reported that her stools had occasionally been dark. Treatment with apixaban and 
aspirin was stopped. One unit of packed red cells was transfused. After transfusion, the blood 
level of hemoglobin increased to 9.0 g per deciliter and dyspnea resolved.
A diagnosis of slow gastrointestinal bleeding due to Heyde’s syndrome (the triad of aortic 
stenosis, gastrointestinal bleeding, and acquired von Willebrand’s disease) was considered. 
Further evaluation by means of esophagogastroduodenoscopy and colonoscopy was discussed, 
but the patient’s preference was to avoid these procedures unless absolutely necessary. 
Treatment with apixaban was resumed, but aspirin was not restarted. Echocardiography was 
repeated.
Transthoracic echocardiography revealed moderate-to-severe aortic stenosis; the mean 
gradient had increased to 32 mm Hg, the peak velocity was 3.6 m per second, and the 
aortic-valve area was 0.6 cm2.



Follow-up
I referred the patient to a cardiologist, and I counseled her that she would be discussing 
management options for aortic stenosis. I assumed that she would be offered TAVR and 
expected that she would choose to proceed with that option. The patient met with the 
cardiologist three times over the course of a year and carefully discussed her options. The 
patient ultimately decided that she did not wish to undergo the extensive testing that 
would be required to be considered for aortic-valve replacement. She indicated that when 
she becomes more symptomatic with aortic stenosis, she would like to enroll in hospice 
care and cited her husband’s positive experience with hospice as one of the reasons she 
was choosing this path. She has chosen to have no further monitoring of her aortic 
stenosis.
Approximately 1.5 years after the current presentation, the patient continues to feel well 
and engages in her usual activities, including dancing, without dyspnea or substantial 
fatigue. She continues to receive apixaban therapy for stroke prevention. The complete 
blood count has been checked every 2 to 3 months, and anemia has not recurred.



Clopidogrel und Aspirin (ASS) sind beides Thrombozytenaggregationshemmer, die zur Vorbeugung von Blutgerinnseln nach 
einem Herzinfarkt, Schlaganfall oder einer Stentimplantation eingesetzt werden. Studien deuten darauf hin, 
dass Clopidogrel in bestimmten Situationen, wie nach einer perkutanen Koronarintervention (PCI), eine bessere 
Wirksamkeit als Aspirin bei gleichzeitigem Beibehalten eines ähnlichen oder geringeren Blutungsrisikos zeigen kann. Die 
Wahl zwischen den Medikamenten hängt jedoch von der individuellen Patientensituation und den spezifischen Risiken ab, 
die von einem Arzt sorgfältig abgewogen werden müssen.









































Beta-blockers are recommended after a myocardial infarction (MI) with reduced ejection fraction (EF), as they 
improve outcomes like death, new MI, and heart failure, though the benefit in mildly reduced EF patients is more 
recently confirmed by meta-analysis of trials. Guidelines for patients with preserved EF without heart failure are less 
certain and are being re-evaluated by new research that questions their long-term necessity.

An ejection fraction (EF) of 41% to 49% is 
generally considered mildly reduced. While 
a normal EF is typically 50% or higher, this 
range of 41% to 49% can indicate potential 
heart damage or an early risk of developing 
heart failure, though not always the 
presence of full-blown heart failure.













Die Herzinsuffizienz oder Herzschwäche ist die krankhafte 
Unfähigkeit des Herzens, das vom Körper benötigte 
Herzzeitvolumen ohne Anstieg des enddiastolischen 
Drucks zu fördern. Die „Pumpschwäche“ äußert sich in 
reduzierter körperlicher und geistiger Leistungsfähigkeit, 
man spricht auch von Vorwärtsversagen.
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Circular (zirkuläre) extrachromosomal DNA 
(eccDNA) refers to small, closed-loop DNA 
molecules that are distinct from the main 
chromosomal DNA and are found in various 
eukaryotic organisms. These molecules often 
originate from chromosome segments, are 
common in cancer, and can carry oncogenes that 
drive tumor development, heterogeneity, and 
resistance to therapy. Their unique circular 
structure allows for an open chromatin 
configuration and non-Mendelian inheritance 
during cell division, contributing to the dynamic 
nature of the cancer genome.

Circular (zirkuläre) RNA (circRNA) is a type of non-
coding RNA that forms a closed, continuous loop 
instead of a linear structure with distinct 5ʹ and 3ʹ 
ends, like typical messenger RNAs. These stable 
molecules are generated from pre-mRNA through a 
process called back-splicing and are thought to be 
functional, not just byproducts of splicing, playing 
roles in gene regulation, acting as miRNA sponges, 
and even serving as templates for protein 
translation. CircRNAs are increasingly recognized for 
their involvement in various diseases and their 
potential as biomarkers and therapeutic targets.



Paul Mischel is championing the importance of odd genetic 
loops in tumors—and their promise as targets for cancer 
therapy. When Paul Mischel started his lab in the late 1990s, 
the rules of cancer biology seemed straightforward and 
solutions finally within reach. A wave of targeted therapies was 
taking shape. For the first time, it seemed possible to design 
drugs that didn’t just carpet-bomb tumors—with healthy tissue 
as collateral damage—but struck only malignant cells, taking 
aim at the precise mutations fueling their growth. In 
glioblastoma, the lethal brain cancer Mischel had set out to 
understand and subdue, the target appeared obvious: a gene, 
encoding a cell surface protein called epidermal growth factor 
receptor (EGFR), that was amped up to unusually high levels in 
nearly half of all cases by extra copies found within tumor cells.



Mischel’s first curious observation had to do with how quickly 
glioblastomas adapted to treatment. Within a week or two, 
tumors that had once bristled with extra copies of the receptor 
gene, EGFR, shed most of them. That kind of genomic shift 
should have unfolded gradually, over successive rounds of cell 
division. Instead, it happened with unsettling speed. Stranger 
still, cells that had seemingly rid themselves of EGFR retained 
the uncanny ability to bring it roaring back, spawning new 
tumors with high gene expression as soon as the drug pressure 
lifted. It was like watching a doused fire suddenly reignite from 
cold ash.
The mystery deepened when David Nathanson, a trainee in 
Mischel’s lab, began to examine glioblastoma cells under the 
microscope. He stained chromosomes blue; EGFR was tagged in 
red. He expected the red signals— the extra copies of EGFR—to 
align neatly along the blue chromosomes. What appeared 
instead was chaos: scattered red dots drifting across the 
nucleus, unmoored from any chromosomal structure. “It was 
really crazy to see,” says Nathanson, now a brain cancer 
biologist at the University of California (UC), Los Angeles.
The receptor gene, it turned out, was traveling on rogue loops 
of circular DNA.

Circling in on cancer
Cancer cells harbor loops of DNA, separate from the chromosomes, that fuel 
tumor growth and evolution. First noticed in the 1960s, extrachromosomal DNA 
(ecDNA) can form in several ways, including when chromosomes shatter during 
cell division, and is found in greater amounts in more aggressive tumors. Now, 
scientists are testing drugs to eliminate the loops, hoping for a new type of cancer 
treatment.



UNBEKNOWNST TO MISCHEL, other groups were 
converging on these same cancer circles—and detailing 
how such extrachromosomal elements rewire tumor 
genomes at breakneck speed. In 2018, cancer biologist 
Roel Verhaak, now at the Yale School of Medicine, 
independently spotted ecDNA loops in glioblastoma and 
showed that they foster genetic diversity; the next year, 
pediatric oncologist Anton Henssen of the Charité 
University Hospital of Berlin and computational 
biologist Richard Koche of Memorial Sloan Kettering 
Cancer Center tied similar circles to wholesale 
remodeling of the genome in neuroblastoma, a 
childhood cancer that develops from immature nerve 
cells outside the brain.

Howard Chang, a molecular geneticist then at Stanford 
(and now chief scientific officer of the biotech company 
Amgen), was closing in on ecDNA as well, though he didn’t 
realize it initially. His lab was focused on the architecture 
of chromatin—the tightly packed skeins of DNA and 
proteins in the nucleus that regulate which genes are 
turned on or off. In cancer cells, Chang and his colleagues 
noticed unusually large swaths of unpacked DNA, regions 
where the genome seemed to be bent and rewired to 
drive massive bursts of oncogene expression. After 
hearing Mischel present his work on ecDNA, Chang 
realized that his hot spots were powered not by 
chromosomes, but by runaway circles, and he joined 
forces with Mischel.

Gastric cancer cells sparkle with 
extrachromosomal DNA harboring 
two oncogenes, one stained red and 
one green. The genetic circles can 
cooperate and often travel together 
as cells divide.



A scanning electron micrograph of 
extrachromosomal DNA shows the discrete 
genetic rings (yellow) alongside standard 
chromosomes (white).

That capacity helps explain the failure of targeted treatments. 
Traditionally, scientists have pictured tumors developing drug 
resistance gradually, with a single cell picking up a helpful 
mutation, growing faster, and gradually pushing out its 
neighbors. But with ecDNA, the whole population can reshuffle 
its genetic deck at once.
“This is a totally different way that cancer cells are evolving 
through more of a bet-hedging approach,” says Elizabeth 
Brunk, a systems biologist at the University of North Carolina at 
Chapel Hill. The result: Resistance doesn’t trickle in from a lone 
survivor—it erupts from many cells at once, making even the 
most precisely targeted agent easy for the tumor to dodge.

Mischel hears the caution, yet he is unshaken. He keeps in 
mind the scattered red dots that first astonished Nathanson, 
the thrill Holmes felt spotting them in one tumor after another, 
and the sense of urgency that comes from his belief these 
circles could finally be turned against cancer. “I’m not letting 
anything stop this,” he says. “At the end of the day, the science 
is compelling, the clinical need is obvious and real—and, 
collectively, we’ll figure this out.”
If he’s right, the very circles that let tumors bend the rules of 
biology may soon be the loophole that brings them down.

What’s more, as tumors grow and cells divide, 
these hubs often stay intact from one generation to 
the next, riding into one daughter cell while 
skipping the other. The result is a patchwork tumor, 
with some cells brimming with extra cancer-driving 
genes on the loops while others have far fewer. The 
whole mass is then primed for rapid evolution. “It’s 
a bet on diversity,” says Vincenzo Corbo, a cancer 
biologist at the University of Verona. “It makes 
these cells ready to respond to any fluctuation in 
the environment.”








