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A 76-year-old man with coronary artery disease and 
heart failure with reduced ejection fraction presented 
to clinic with an 8-month history of progressive breast 
enlargement and tenderness. Which of the following is 
most likely to identify the underlying etiology of this 
finding?

Computed tomography of the chest, abdomen, and 
pelvis

Measurement of serum testosterone level

Medication review

Screening for substance use

Testicular examination

Spironolactone had been started 4 years before presentation as part of the patient’s guideline-directed medical therapy for 
heart failure at a dose of 25 mg daily. It was increased to 100 mg daily 1 year before presentation, and reduced to 25 mg 
approximately 2 months before presentation due to hyperkalemia. A serum testosterone level was low-normal and serum 
levels of human chorionic gonadotropin, sex hormone–binding globulin, luteinizing hormone, estradiol, and thyrotropin 
were normal. A diagnosis of spironolactone-induced gynecomastia was made. Spironolactone was discontinued and 
eplerenone — a more selective mineralocorticoid receptor antagonist — was started.



Hypokaliämie und Rhythmus Störungen

Apamin ist ein neurotoxisches Peptid aus dem 
Bienengift, das aus 18 Aminosäuren besteht. Es 
wirkt als selektiver Blocker von kalziumabhängigen 
Kaliumkanälen (SK-Kanälen) und ist ein wichtiges 
Werkzeug in der neurowissenschaftlichen 
Forschung.



Hypokalemia and even low-normal plasma potassium levels 
increase the risk of ventricular arrhythmias among patients 
with cardiovascular disease. An assessment of a strategy of 
actively increasing plasma potassium levels to the high-normal 
range is needed.
In this multicenter, open-label, event-driven, randomized 
superiority trial conducted in Denmark, we enrolled 
participants at high risk for ventricular arrhythmias (defined as 
those with an implantable cardioverter–defibrillator [ICD]) and 
with a baseline plasma potassium level of 4.3 mmol per liter or 
lower. Participants were randomly assigned, in a 1:1 ratio, to a 
treatment regimen aimed at increasing the plasma potassium 
level to a high-normal level (4.5 to 5.0 mmol per liter) by means 
of potassium supplementation, a mineralocorticoid receptor 
antagonist, or both plus dietary guidance and standard care 
(high-normal potassium group) or to standard care only 
(standard-care group). The primary end point was a composite 
of documented sustained ventricular tachycardia or 
appropriate ICD therapy, unplanned hospitalization (>24 hours) 
for arrhythmia or heart failure, or death from any cause, 
assessed in a time-to-first-event analysis.



Potassium plays a pivotal role in the electrical and mechanical function of the heart, and a U-shaped 
relationship has been observed between plasma potassium levels and death. Among patients with 
cardiovascular disorders, mortality is higher among persons with plasma potassium levels between 
3.5 and 4.0 mmol per liter (normal range, 3.5 to 5.0), and plasma potassium levels in the high-normal 
range (4.5 to 5.0 mmol per liter) are associated with lower mortality.
Among patients with heart failure, mineralocorticoid receptor antagonists and angiotensin-
converting–enzyme inhibitors reduce the risk of death, including the risk of sudden death from 
cardiac causes, as well as the incidence of atrial fibrillation. Both drug classes increase plasma 
potassium levels and reduce the risk of hypokalemia. A randomized trial showed that among persons 
at increased risk for cardiovascular events, the substitution of part of the dietary sodium chloride 
intake with potassium chloride lowered the incidence of cardiovascular events, including death from 
any cause.
Trial Participants
Adults 18 years of age or older were eligible to enroll in the trial if they had an ICD or a cardiac-
resynchronization therapy defibrillator (CRT-D) and had a baseline plasma potassium level of 4.3 
mmol per liter or lower. Persons were excluded if the estimated glomerular filtration rate (eGFR) was 
less than 30 ml per minute per 1.73 m2 of body-surface area, if they were pregnant, or if they lacked 
the ability to understand and sign the consent form. All the participants provided written informed 
consent.



Trial Procedures
The participants were randomly assigned, in a 1:1 ratio, to receive treatment to increase the plasma 
potassium level in addition to standard care (high-normal potassium group) or to receive standard care 
only (standard-care group). Appropriate treatment in accordance with society guidelines was ensured 
for all the participants. All the participants in the high-normal potassium group received written 
information on a potassium-rich diet and initiated trial medication with potassium supplements, 
administered as potassium chloride tablets (750 mg [approximately 10 mmol]), a mineralocorticoid 
receptor antagonist, or both to reach the target plasma potassium level of 4.5 to 5.0 mmol per liter. 
The maximum daily doses for the mineralocorticoid receptor antagonists were 100 mg for 
spironolactone and 50 mg for eplerenone; the maximum daily dose for potassium chloride was 4.5 g. If 
possible, doses of thiazides and loop diuretics were reduced or discontinued. Participants attended 
visits every other week for blood tests and blood-pressure measurement to evaluate whether 
increases were needed in the potassium supplement medications and for assessment of adherence 
and potential side effects.
Trial End Points and Safety Measurements
The primary end point was a composite of sustained ventricular tachycardia with a rate of more than 
125 beats per minute lasting more than 30 seconds, as documented by electrocardiography (ECG) or 
observed on the ICD cardiac electrogram; any appropriate ICD therapy as documented by ECG or on 
the ICD cardiac electrogram; any unplanned hospitalization for more than 24 hours for arrhythmia or 
heart failure and leading to a change in drug or invasive treatment; or death from any cause. 
 



Primary and Secondary End Points and Safety Measurements.









Among older adults with frailty, evidence on the 
benefits and risks of discontinuing antihypertensive 
drugs is limited.
In a multicenter, randomized, controlled trial 
conducted in France, we assigned, in a 1:1 ratio, 
nursing home residents 80 years of age or older 
who were receiving more than one 
antihypertensive drug and had a systolic blood 
pressure below 130 mm Hg to a protocol-driven 
strategy of progressive reduction of 
antihypertensive treatment (step-down group) or to 
receive usual care (usual-care group). Patients were 
to be followed for up to 4 years. The primary end 
point was death from any cause. Secondary end 
points included the changes in the number of 
antihypertensive drugs being used from baseline to 
the last trial visit and the change in systolic blood 
pressure during the follow-up period.



RETREAT-FRAIL (Reduction of Antihypertensive Treatment in Frail Patients), was a pragmatic, 
interventional, randomized trial that evaluated the effect of a protocol-driven strategy of progressive 
reduction of antihypertensive therapies as compared with usual care on all-cause mortality among 
nursing home residents who were 80 years of age or older and had frailty, had a systolic blood pressure of 
less than 130 mm Hg, and were receiving at least two antihypertensive agents.
Trial Oversight
This randomized, open-label clinical trial was conducted in 108 nursing homes in France. A coordinating 
team provided training regarding standardized blood-pressure measurements and training and 
certification regarding Good Clinical Practice standards.
Trial Design and Interventions
Patients were randomly assigned in a 1:1 ratio to a protocol-driven strategy of progressive discontinuation 
of antihypertensive drugs (step-down group) or to receive usual care (usual-care group). Randomization 
was performed with a Web-based randomization system. The randomization list was generated by means 
of the PLAN procedure in SAS software, version 9.4 (SAS Institute).
End Points
The primary end point was death from any cause. Secondary end points included a composite of major 
adverse cardiovascular events (defined as the first occurrence of death from cardiovascular causes, stroke, 
myocardial infarction and other serious coronary artery disease events, acute heart failure, pulmonary 
embolism, deep-vein thrombosis, atrial fibrillation and major heart-rhythm and conduction disorders, 
major peripheral vascular events, or transient ischemic attack



Medications at Baseline and at the Last Follow-up Visit.



Primary and Secondary End Points.











Influenza remains a major health burden despite the use of licensed 
vaccines. Nucleoside-modified messenger RNA (modRNA) influenza 
vaccines have shown promising immunogenicity against influenza and an 
acceptable safety profile in a phase 1–2 trial.
In this phase 3 trial, we randomly assigned healthy adults between the 
ages of 18 and 64 years to receive either a quadrivalent modRNA 
influenza vaccine (modRNA group) or a licensed inactivated quadrivalent 
influenza vaccine (control group) during the 2022–2023 influenza season 
in the United States, South Africa, and the Philippines. The primary end 
point was relative efficacy, defined by the reduction in the percentage of 
participants with laboratory-confirmed influenza associated with 
influenza-like illness at least 14 days after vaccination with the modRNA 
vaccine, as compared with the control vaccine, and analyzed for 
noninferiority and superiority. Immunogenicity was evaluated by means 
of a hemagglutination inhibition (HAI) assay. We assessed reactogenicity 
within 7 days after vaccination, adverse events through 1 month, and 
serious adverse events through 6 months. We assessed vaccine efficacy, 
immunogenicity, and safety in the modRNA group.



Nucleoside-modified messenger RNA (modRNA)–based vaccines have become integral to vaccine 
development. During the coronavirus disease 2019 (Covid-19) pandemic, licensed lipid 
nanoparticle–encapsulated modRNA vaccines encoding the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) spike protein were highly effective. ModRNA-based vaccines, in which 
some nucleosides are replaced by naturally occurring modified nucleosides, decrease innate 
immune activation and increase translation. The modRNA platform offers unique advantages over 
traditional egg-based vaccines, including larger-scale production, direct matching of the vaccine to 
the targeted influenza strain, potential for shorter manufacturing timelines between strain 
selection and vaccine production, and no risk of egg-adaptive mutations, which can decrease 
effectiveness.
A quadrivalent modRNA influenza vaccine candidate has shown promising immunogenicity and an 
acceptable safety profile in a phase 1–2 investigation. We conducted a phase 3 efficacy trial — A 
Study to Evaluate the Safety, Tolerability, and Immunogenicity of a Modified RNA Vaccine against 
Influenza (Pfizer C4781004 trial) — to determine the relative efficacy of the modRNA vaccine as 
compared with a standard quadrivalent vaccine against influenza.



Participants and Trial Design
This randomized, blinded trial enrolled participants at 242 sites in the United States, 5 sites in South 
Africa, and 1 site in the Philippines during the 2022–2023 influenza season. 
Efficacy
Our primary objective was to show the noninferiority and superiority of the modRNA vaccine to the 
control vaccine against laboratory-confirmed influenza associated with influenza-like illness, according to 
the protocol definition. Relative vaccine efficacy was defined as the relative reduction in the percentage 
of participants with a first episode of influenza-like illness at least 14 days after vaccination with the 
modRNA vaccine as compared with the control vaccine.
Secondary efficacy end points were the first episode of laboratory-confirmed influenza-like illness caused 
by all antigenically matched strains, by unmatched strains, and by each matched strain; culture-confirmed 
influenza-associated illness (any strain);
Immunogenicity
We assessed immunogenicity in approximately 4000 participants (immunogenicity subgroup). Blood was 
collected before vaccination and at 4 weeks and 6 months after vaccination. 
Safety
The primary safety objective was to define the safety and side-effect profile for the modRNA vaccine. 
Safety assessments included solicited local reactions and systemic events (reactogenicity) within 7 days 
after vaccination (as documented by a subgroup of participants in an electronic diary), adverse events 
through 4 weeks, and serious adverse events through 6 months.















Metastasierendes Phäochromozytom oder Paragangliom, je nach Lokalisation) ist ein seltener, hormonell aktiver Tumor 
des Nebennierenmarks oder der sympathischen Paraganglien, der durch die Bildung von Fernmetastasen in Organen, die 
natürlicherweise keine chromaffinen Zellen enthalten (z.B. Knochen, Lunge, Leber), definiert wird.



Zelluläre Anpassungsmechanismen an die Verfügbarkeit von Sauerstoff. Bei normaler zellulärer Verfügbarkeit 
von Sauerstoff wird Hif-1 alpha an zwei Prolin-Resten hydroxyliert und nach der Bindung an VHL und Ubiquitin 
im Proteasom abgebaut. Bei Sauerstoffmangel transloziert Hif-1 alpha in den Zellkern, wo es als Komplex mit 
Hif-1 beta an HRE bindet und Gene aktiviert, die z. B. Erythropoese, Glykolyse und Angiogenese steuern. HIF 
besteht aus einer labilen α-Untereinheit, die in den drei Isoformen HIF-1α, HIF-2α und HIF-3α existiert, und 
einer β-Untereinheit.



Pseudohypoxia refers to a condition that mimics hypoxia, by having 
sufficient oxygen yet impaired mitochondrial respiration due to a 
deficiency of necessary co-enzymes, such as NAD+ and TPP. The 
increased cytosolic ratio of free NADH/NAD+ in cells (more NADH 
than NAD+) can be caused by diabetic hyperglycemia and by 
excessive alcohol consumption. Low levels of TPP results 
from thiamine deficiency.
The insufficiency of available NAD+ or TPP produces symptoms 
similar to hypoxia (lack of oxygen), because they are needed 
primarily by the Krebs cycle for oxidative phosphorylation, and 
NAD+ to a lesser extent in anaerobic glycolysis. Oxidative 
phosphorylation and glyocolysis are vital as these metabolic 
pathways produce ATP, which is the molecule that releases energy 
necessary for cells to function.
As there is not enough NAD+ or TPP for aerobic glycolysis nor fatty 
acid oxidation, anaerobic glycolysis is excessively used which turns 
glycogen and glucose into pyruvate, and then the pyruvate into 
lactate (fermentation). Fermentation also generates a small amount 
of NAD+ from NADH, but only enough to keep anaerobic glycolysis 
going. The excessive use of anaerobic glycolysis disrupts the 
lactate/pyruvate ratio causing lactic acidosis. The decreased pyruvate 
inhibits gluconeogenesis and increases release of fatty acids from 
adipose tissue. In the liver, the increase of plasma free fatty acids 
results in increased ketone production (which in excess 
causes ketoacidosis).

Impaired mitochondrial function
Lactate production increased
Ketone production increased



Pseudohypoxia is a key molecular characteristic observed in a specific subgroup of pheochromocytomas (PHEOs) 
and paragangliomas (PPGLs), where cells activate pathways typically associated with low oxygen levels (hypoxia) 
despite having normal oxygen availability. This is often driven by specific genetic mutations and plays a crucial 
role in tumor development, behavior, and potential treatment responses.

EPSA1 gene ecodes
HIF-2 alpha



Pheochromocytoma and paraganglioma are neoplasms originating in the adrenal medulla and 
extraadrenal paraganglia, respectively. Most cases of metastatic pheochromocytoma and 
paraganglioma are driven by dysregulation of the hypoxia-inducible factor 2α (HIF-2α) pathway. 
Belzutifan is a HIF-2α inhibitor that may provide antitumor activity in patients with advanced 
pheochromocytoma or paraganglioma.
We conducted a phase 2, international, single-group trial involving 72 participants with locally 
advanced or metastatic pheochromocytoma or paraganglioma that was not amenable to surgery or 
curative-intent treatment. Participants received belzutifan at a dose of 120 mg once daily until the 
occurrence of progression, unacceptable toxic effects, or withdrawal from the trial. The primary end 
point was confirmed objective response (complete or partial response) as assessed by blinded 
independent central review. Secondary and other key end points included the duration of response, 
disease control, progression-free survival as assessed by blinded independent central review, overall 
survival, safety, and a reduction from baseline in antihypertensive medication.
Conclusions
Belzutifan showed antitumor activity with durable responses in participants with advanced 
pheochromocytoma or paraganglioma. 



Dysregulation of the hypoxia-inducible factor 2α (HIF-2α) pathway is one of the key oncogenic 
drivers of metastatic pheochromocytoma and paraganglioma. Germline pathogenic variants 
affecting genes encoding key Krebs cycle enzymes — such as the succinate dehydrogenase subunits 
(SDHA, SDHB, SDHC, and SDHD), SDHAF2, fumarate hydratase, and MDH2 — or affecting 
components of the hypoxia signaling pathway (VHL, EGLN1, EGLN2, and HIF2A [also known as 
EPAS1]) can result in pseudohypoxia and stabilization of HIF-2α. Stable HIF-2α leads to downstream 
activation of multiple genes that promote tumorigenesis, cell survival, metastasis, and angiogenesis. 
Most cases of metastatic pheochromocytoma and paraganglioma are characterized by 
pseudohypoxia, and up to 50% are associated with an SDHB germline pathogenic variant. In 
addition, many pheochromocytomas and paragangliomas that are not associated with the 
previously described germline pathogenic variants exhibit a similar molecular phenotype of 
pseudohypoxia.
Belzutifan is a HIF-2α inhibitor that is currently approved for use in adults with von Hippel–Lindau 
(VHL) disease–associated renal-cell carcinoma, pancreatic neuroendocrine tumors, or 
hemangioblastomas of the central nervous system, in whom immediate surgery is not clinically 
indicated. This approval was supported by the results of the LITESPARK-004 trial, in which the 
objective response with belzutifan was 49% among participants with VHL disease–associated renal 
cell carcinoma, 83% among those with pancreatic neuroendocrine tumors, and 63% among those 
with central nervous system hemangioblastomas. EGLN1 ist ein Gen, das für ein Enzym namens Prolyl-

Hydroxylase Domain 2 (PHD2) kodiert, das eine Schlüsselrolle 
bei der Sauerstoffregulierung im Körper spielt.



Methods
Participants
In the LITESPARK-015 trial, eligible participants were at least 12 years of age, had a documented 
histopathological diagnosis of pheochromocytoma or paraganglioma that was locally advanced or 
metastatic and was not amenable to surgery or curative-intent treatment, and had measurable disease as 
assessed by blinded independent central review.
Trial Design and Treatment
In this phase 2, international, multicenter, open-label, single-group, multicohort trial, eligible participants 
received belzutifan orally at a dose of 120 mg once daily until the occurrence of progression, 
unacceptable toxic effects, or withdrawal from the trial by the participant or investigator. The dose of 
belzutifan could be decreased to 80 mg once daily, and then to 40 mg once daily, to manage unacceptable 
toxic effects. Treatment beyond the occurrence of radiologic progression was permitted in accordance 
with the protocol for clinical benefit if the participant’s condition was clinically stable.
End Points
The primary end point was objective response, which was defined as a confirmed complete or partial 
response as assessed by blinded independent central review according to RECIST, version 1.1. Secondary 
end points were the duration of response, which was defined as the time from the first documented 
evidence of a complete or partial response until the first documented occurrence of disease progression 
or death.
 



Antitumor Activity.



Treatment-Related Adverse Events.





Discussion
Patients with pheochromocytoma or paraganglioma face substantial health challenges 
associated with tumor burden, cardiovascular complications related to hypertension, and 
gastrointestinal symptoms such as constipation due to catecholamine excess. Treatment 
options for pheochromocytoma and paraganglioma are limited, primarily owing to the 
paucity of data from small-scale clinical trials, concerns about toxic effects, and the fact that 
benefits are short-term.
In the current trial, at least one response was noted in prespecified subgroups defined 
according to age, sex, previous use of tyrosine kinase inhibitors, previous treatment with a 
radiopharmaceutical agent, number of previous lines of systemic therapy, and a reported 
history of SDHB-related tumor predisposition syndrome. Although the single-group design 
limits comparative conclusions and interpretation of time-to-event data (progression-free 
survival and overall survival), the totality of the data shows that belzutifan is clinically active 
and supports the potential use of belzutifan as a novel treatment option for patients with 
advanced pheochromocytoma or paraganglioma. Biomarker and genetic analyses are in 
progress. Pheochromocytoma and paraganglioma remain challenging conditions to manage, 
but emerging targeted therapies such as belzutifan show promise for improving patient 
outcomes. 
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Erworbenes Long QT-Syndrom (LQTS)
Erworbene Formen können Arzneimittel-induziert sein, z.B. 
durch Klasse I- und III-Antiarrhythmika, 
verschiedene Antibiotika, Psychopharmaka Haloperidol oder 
infolge einer Hypokaliämie auftreten. Weitere Medikamente, 
die zu einer Verlängerung der QT-Zeit führen, 
sind Antihistaminika wie Ebastin, Terfenadin und Astemizol. 
Auch Arzneistoffe, die bei COVID-19 eingesetzt wurden, 
wie Chloroquin, Hydroxychloroquin und Azithromycin, können 
zu einem LQT-Syndrom führen.
Bei einer Hypokaliämie kann die QT-Zeit durch Verschmelzung 
der T- und U-Wellen nicht bestimmbar sein - man spricht dann 
von einer "Pseudo-QT-Zeit-Verlängerung".

Das QT Intervall 
(auch Systole genannt)

(25 mm/sek)



To assess a physician’s expertise on the basis of whether the doctor checks a patient’s QT interval 
would be excessive, but the fact remains that in many cases, checking it saves lives. The author of a 
respected textbook on electrocardiography wrote, “The measurement of the QT interval has little 
usefulness” in 1957 — the same year in which Jervell and Lange-Nielsen published their first report 
on the association between QT-interval prolongation and sudden death in a family with congenital 
deafness, which was soon followed by similar findings reported by Romano and colleagues and by 
Ward in patients with normal hearing. In 1975, Romano–Ward syndrome and Jervell–Lange-Nielsen 
syndrome were grouped under the name long QT syndrome.
Long QT syndrome is an uncommon disease of genetic origin with a documented prevalence of 1 in 
2000 live births; however, the actual prevalence is probably higher because the original prospective 
study, which involved 44,000 infants, did not include genotype-positive–phenotype-negative persons. 
The syndrome is characterized by prolongation of the QT interval on an electrocardiogram (ECG) 
obtained when the patient was at rest and by a propensity for life-threatening arrhythmias that occur 
mostly under conditions of physical or emotional stress. The clinical importance of the timely 
diagnosis of the syndrome stems from the fact that sudden cardiac death is often the first symptom, 
which makes remedying diagnostic or therapeutic errors impossible. Untreated — long QT syndrome 
is nowadays inexcusable; unfortunately, missed diagnosis is still too often the case.



Genetic Basis of Long QT Syndrome
The three major genes associated with long QT syndrome (present in approximately 90% of cases), 
KCNQ1, KCNH2, and SCN5A, were identified in 1995 and 1996. Variants in KCNQ1 and KCNH2 are the 
cause of long QT syndrome type 1 and type 2 in approximately 50% and 40% of patients with the 
syndrome, respectively; these genes encode the potassium channels conducting the outward currents 
IKs and IKr. These channels are critically important for cardiac repolarization, and the reduction in the IKs 
and IKr currents caused by pathogenic variants prolongs the QT interval and causes long QT syndrome. 
During adrenergic activation, such as during physical activity, the IKs current becomes the prevalent 
repolarization current, and this alteration carries major clinical implications — if the QT interval does 
not appropriately shorten when the heart rate increases, ventricular fibrillation may ensue. The third 
major gene, SCN5A, encodes the voltage-gated sodium channel conducting the major depolarizing 
inward sodium current INa. Pathogenic variants of SCN5A producing gain of function prolong 
repolarization and cause long QT syndrome type 3 in approximately 10% of cases. Homozygous or 
compound heterozygous pathogenic variants in KCNQ1 and KCNE1 (encoding subunits of the 
potassium channel IKs) cause the recessive Jervell–Lange-Nielsen syndrome associated with congenital 
deafness.







Diagnostic Criteria for LQTS, 1993–2011.

Brugada Syndrom
SCN5A



Genotype-Specific Management.

LQT1 ist die häufigste Form des Long-QT-Syndroms, einer 
genetischen Herzerkrankung, die durch Fehlfunktionen von 
Kaliumkanälen im Herzen verursacht wird und das Risiko 
von Herzrhythmusstörungen erhöht. LQT1 wird durch 
Mutationen im KCNQ1-Gen verursacht, das für die 
Herstellung des Kaliumkanals verantwortlich ist.

LQT2, mutation im KCNH2-Gen: LQT2 wird 
durch Mutationen im Gen KCNH2 (auch 
bekannt als hERG oder HERG1)

LQT3 steht für Long-QT-Syndrom Typ 3, eine 
seltene, erbliche Herzerkrankung, die durch 
eine genetische Veränderung im SCN5A-
Gen verursacht wird. Dieses Gen ist für den 
Natriumkanal im Herzen verantwortlich, und 
bei LQT3 führt eine "Funktionsgewinn"-
Mutation dazu, dass dieser Kanal nach einem 
Herzschlag nicht richtig schließt.





Therapy
The four cornerstones of therapy are beta-blockers, mexiletine, left cardiac sympathetic denervation, and an 
implantable cardioverter–defibrillator (ICD). These therapies reflect the understanding of the underlying 
pathophysiology of long QT syndrome. In addition, lifestyle modification, including avoidance of QT-
prolonging drugs.
Beta-Blockers
Since the mid-1970s, beta-blockers have represented the mainstay of therapy for patients with long QT 
syndrome, and their efficacy has been repeatedly confirmed independent of the genotype. The only two 
beta-blockers that have been confirmed to be effective in the syndrome are propranolol (at a dose of 2.0 to 
3.5 mg per kilograms of body weight per day) and nadolol (1.0 to 1.5 mg per kilogram per day). Metoprolol 
should not be used. Nonadherence to beta-blocker therapy and the use of QT-prolonging drugs are 
responsible for most life-threatening failures of beta-blocker therapy in persons with long QT syndrome.
Left Cardiac Sympathetic Denervation
Left cardiac sympathetic denervation, now mostly performed by means of thoracoscopy, involves the removal 
of the lower half of the stellate ganglion to prevent Horner’s syndromeand of the first four thoracic ganglia 
(T1 to T4). 
Mexiletine
In 1995, shortly after the discovery that the SCN5A variants causing long QT syndrome were increasing the 
sodium current, the sodium-channel blocker mexiletine was proposed as the first gene-specific therapy for 
long QT syndrome type 3, and it is now widely used in these patients with the main goal of shortening the 
QTc and thereby reducing the risk of arrhythmia.

 



ICDs
There are large differences in the use of ICDs across the world, with some centers in the United States 
implanting ICDs in almost 50% of their patients with long QT syndrome, whereas two of the largest 
clinics in the world treating patients with the syndrome (Mayo Clinic and the Center for Cardiac 
Arrhythmias of Genetic Origin, Istituto Auxologico Italiano) implant ICDs in approximately 5% of 
patients with long QT syndrome. An intravenous ICD is preferable to a subcutaneous one because it 
allows for pacing, which becomes essential whenever an increase in the beta-blocker dose is necessary, 
either in patients with a very low heart rate or during arrhythmic storms. Implantation of an ICD 
immediately after a documented cardiac arrest, either with or without beta-blocker therapy, is 
reasonable. A study that included 233 patients with long QT syndrome who had received an ICD 
provided critical information and showed that most of the patients had not suffered a cardiac arrest 
and, moreover, that many had not had a failure of beta-blocker therapy. Asymptomatic patients, 
almost absent in the long QT syndrome type 1 and type 2 groups, represented 45% of the patient 
group with type 3, a finding that indicates that the presence of a pathogenic variant in SCN5A, even in 
asymptomatic persons, was deemed to be sufficient for implantation of an ICD. During a mean follow-
up of 5 years, an adverse event occurred in 25% of patients.



Acquired Long QT Syndrome
The QT interval may become prolonged under several conditions, including hypokalemia, bradycardia, 
heart block and, especially, the intake of drugs that share IKr blocking activity. Acquired long QT 
syndrome is clinically important because it carries a significant risk for torsades de pointes and sudden 
cardiac death. Correction of the offending factor prevents recurrences.
Conclusions
Long QT syndrome remains an often-lethal disorder for which effective and safe therapies currently 
exist, thus allowing normal quality of life for almost all patients. Correct management of the syndrome 
requires specific expertise, and clinicians should be able to suspect the presence of the disease in 
order to refer patients to a high-volume center with specific experience in treating patients with long 
QT syndrome.

Erworbene Formen können Arzneimittel-induziert sein, z.B. durch Klasse I- und III-Antiarrhythmika, 
verschiedene Antibiotika, Psychopharmaka Haloperidol oder infolge einer Hypokaliämie auftreten. Weitere 
Medikamente, die zu einer Verlängerung der QT-Zeit führen, sind Antihistaminika wie Ebastin, Terfenadin und Astemizol. 
Auch Arzneistoffe, die bei COVID-19 eingesetzt wurden, wie Chloroquin, Hydroxychloroquin und Azithromycin, können 
zu einem LQT-Syndrom führen. Bei einer Hypokaliämie kann die QT-Zeit durch Verschmelzung der T- und U-Wellen nicht 
bestimmbar sein - man spricht dann von einer "Pseudo-QT-Zeit-Verlängerung".





The patient had been in his usual state of health until 2 months before the current presentation, 
when his family and outpatient mental health providers noticed abnormal behaviors and an 
increasing amount of paranoia and confusion after he had independently discontinued his 
medications prescribed to treat bipolar I disorder. The patient was noted to have repeatedly called his 
mother; he reported being persecuted, and his mother stated that he had been speaking in 
nonsensical, cryptic statements. The patient had no recollection of their conversation shortly after 
each phone call. On the day of admission, the patient became agitated upon trying to sleep, asking 
for the noise generated by the crickets outside to be silenced, and his partner brought him to the 
emergency department of this hospital for evaluation.
Discussant
This 27-year-old man with bipolar I disorder, a history of hyperthyroidism, and daily alcohol use 
presented with a 2-month history of confusion, abnormal behavior, paranoia, nonsensical speech, 
and short-term memory deficits. The physical examination in the emergency department was notable 
for disorganized and tangential thinking, impaired orientation and attention, limited short- and long-
term recall, and tachycardia. 



On the second hospital day, the patient had a tonic–
clonic seizure that was witnessed by emergency 
department personnel. The results of the initial 
laboratory evaluation, EEG, imaging studies, and CSF 
analysis were essentially normal except for ketonuria 
and mild proteinuria. The physical examination was 
notable for tachycardia and the development of 
hypertension on the second day of hospitalization. Other 
features of his medical history to consider include 
previous lithium therapy and a thyroid disorder for 
which he had received no treatment other than 
nonselective beta-blockers. In an attempt to explain this 
patient’s clinical presentation, I will integrate his 
psychiatric and medical background with the foreground 
of abnormal behaviors, confusion, new seizure, and 
ketonuria. To develop a differential diagnosis, I will ask 
three central questions: First, is this patient having a 
manic episode? Second, is this patient withdrawing from 
alcohol? Third, does this patient have thyrotoxicosis?



Bipolar I Disorder
Given the patient’s history of bipolar I disorder, we must consider 
whether this constellation of findings is due to mania. According to 
the criteria from the Diagnostic and Statistical Manual of Mental 
Disorders, fifth edition (DSM-5), patients with a manic episode with 
psychotic features must display at least three of the following 
symptoms (or four if the patient’s mood is only irritable), resulting 
in marked functional impairment: distractibility, impulsivity, 
grandiosity, flight of ideas, increased activity or agitation, decreased 
need for sleep, and talkativeness. It is important to note that these 
phenomena cannot be attributed to substance use or another 
medical condition. Given his history of psychiatric hospitalizations, 
and a temporal correlation of symptoms that started after he had 
discontinued his medications, an affective decompensation of his 
underlying bipolar I disorder is certainly a possible diagnosis. 
However, the findings of confusion, impaired attention, short- and 
long-term recall deficits, seizure, and ketonuria would not be 
explained by a manic episode related to bipolar I disorder. Taking all 
these factors into consideration, I wonder whether a medical cause 
could better explain this patient’s presentation.



Alcohol Withdrawal
We are told that this patient has a history of daily alcohol use, and upon arrival at the hospital, he was 
noted to have an elevated heart rate, for which he received a dose of lorazepam. Subsequently, a 
generalized tonic–clonic seizure developed within 48 hours after presentation, a critical time period 
when patients are at peak risk for seizures related to alcohol withdrawal due to a relative γ-aminobutyric 
acid (GABA) deficiency. Alcohol withdrawal syndrome occurs in patients with consistent, heavy, and daily 
alcohol use and usually begins within 6 to 12 hours after the last intake of alcohol. Patients commonly 
present with anxiety, gastrointestinal symptoms, and autonomic manifestations such as diaphoresis, 
tachycardia, tremor, and hypertension. Complicated alcohol withdrawal is characterized by the 
development of seizures, perceptual disturbances, agitation, confusion, disorientation, and pyrexia.
Thyrotoxicosis
We are told that the patient has a history of hyperthyroidism and that aside from nonselective beta-
blockers, he had received no treatment with antithyroid agents. Multiple features of this patient’s case 
are consistent with a diagnosis of thyrotoxicosis, including the duration of his illness, the presence of 
maniform symptoms and cognitive impairment, persistent sinus tachycardia, and seizure (a rare finding). 
In addition, thyroid dysregulation, particularly hyperthyroidism, has been associated with ketonuria, 
which this patient has, although this is a nonspecific finding in the context of a protracted illness with 
unclear dietary intake. Furthermore, the remainder of his diagnostic evaluation was largely unrevealing, 
including normal findings on MRI of the head, EEG, and CSF analysis — all of which would be expected in 
a patient with hyperthyroidism.



Graves’ Disease
Graves’ disease is an autoimmune disorder that results in autoantibody-mediated thyroidal activation, 
which leads to thyrotoxicosis. Neuropsychiatric symptoms of Graves’ disease can include anxiety, 
depression, irritability, emotional lability, and cognitive dysfunction such as memory and concentration 
problems. More severe neuropsychiatric manifestations, including psychosis, delirium, and seizure, can 
develop in some patients, but these are rare and usually seen in those with severe thyrotoxicosis.
Lithium-Induced Thyroiditis
Lithium-induced thyroiditis typically manifests as a painless thyroiditis that is characterized by a 
triphasic course. First, there is a thyrotoxic phase, during which the thyroid tissue becomes inflamed 
and releases preformed thyroid hormones, which leads to transient hyperthyroidism. This phase can 
be asymptomatic or relatively mild and can last for weeks to months, with symptoms and signs 
including weight loss, tachycardia, heat intolerance, and tremor due to elevated thyroid hormone 
levels. Neuropsychiatric symptoms of the thyrotoxic phase of thyroiditis are similar to those seen with 
other causes of hyperthyroidism and include mood symptoms, cognitive changes, sleep disturbance, 
maniform symptoms, delirium, restlessness, and in rare cases, psychosis or seizures. The thyrotoxic 
phase is usually followed by the more clinically apparent hypothyroid phase, which is seen once the 
gland is depleted of hormones or damaged. Most patients then enter the recovery phase, during which 
thyroid function typically returns to normal within 12 months.



The patient had a thyrotropin level of less than 0.01 mIU per liter (reference range, 0.40 to 5.00), a 
total thyroxine level of 21.2 μg per deciliter (reference range, 4.5 to 10.9), and a free thyroxine level of 
3.7 ng per deciliter (48 pmol per liter; reference range, 0.9 to 1.8 ng per deciliter [12 to 23 pmol per 
liter]), findings that are consistent with a diagnosis of thyrotoxicosis. From a psychiatric standpoint, the 
patient’s symptoms were most consistent with a diagnosis of psychotic disorder due to another 
medical condition. Diagnostic criteria include prominent delusions or hallucinations and laboratory 
evidence confirming that the behavioral disturbance is the direct consequence of another medical 
condition. In addition, the behavioral disturbance cannot be better explained by another psychiatric 
condition, does not occur exclusively during delirium, and results in significant distress or impairment 
— all features that were present in this patient.





Did this patient’s previous lithium 
use contribute to his current 
presentation? Typically, lithium 
exposure confers a high risk of goiter 
and hypothyroidism. In addition, 
hyperthyroidism, specifically 
painless subacute thyroiditis, occurs 
more often in patients with previous 
exposure to lithium. It is unclear 
whether the risk of hyperthyroidism 
decreases over time after cessation 
of lithium therapy, and the 
underlying mechanism remains 
unknown. Therefore, although it is 
possible that his painless subacute 
thyroiditis is linked to lithium use, 
this is not certain.

Not our patient



We recommended that the patient continue treatment with beta-blockers, increasing the dose as 
allowed by his heart rate, to control the symptoms caused by hyperthyroidism. In patients with painless 
subacute thyroiditis, hyperthyroidism is expected to resolve as preformed thyroid hormone is depleted. 
Antithyroid agents, such as methimazole and propylthiouracil, interfere with thyrotropin-mediated 
thyroid hormone production. Given that preformed thyroid hormone drives the symptoms and that 
production of additional thyroid hormone is suppressed in painless thyroiditis, these agents do not have 
a role in treatment.
Upon depletion of circulating hormone, temporary hypothyroidism can develop, owing to either 
delayed recovery from thyrotropin suppression or an inability of the damaged thyroid tissue to produce 
adequate hormone levels. When hypothyroidism develops in patients with subacute painless 
thyroiditis, I typically start treatment with levothyroxine. After 6 months, I then stop treatment with 
levothyroxine and assess whether the patient has normal thyroid function.
Follow-up
The patient’s mentation and behavior improved over the next 5 days of hospitalization in the medical 
service, and no further seizure activity was witnessed. We advised close follow-up in the outpatient 
endocrine and psychiatric clinics to monitor the results of thyroid-function tests over time and to 
evaluate him for impending hypothyroidism, as well as to treat his underlying mood disorder. 
Unfortunately, the patient was lost to follow-up after discharge.
Final Diagnosis
Subacute painless thyroiditis.

















Das Sjögren-Syndrom ist eine chronische, Autoimmunerkrankung, bei der das Immunsystem die eigenen Tränen- und 
Speicheldrüsen angreift, was zu Symptomen wie trockenen Augen und Mundtrockenheit führt. Es ist eine systemische 
Erkrankung, die auch andere Organe wie Lunge, Nieren oder Nerven beeinträchtigen und Symptome wie 
Gelenkentzündungen (Arthritis), Müdigkeit und Hautausschläge verursachen kann. Die Behandlung zielt darauf ab, die 
Symptome zu lindern, da die Krankheit derzeit nicht heilbar ist. 

The main antibodies 
involved in Sjögren's 
syndrome are anti-Ro 
(SS-A) and anti-La (SS-
B) autoantibodies.



Der neonataler Fc-Rezeptor (FcRn) ist ein Protein, das eine zentrale Rolle bei der Regulation der Immunglobulin-G (IgG)- und 
Albumin-Spiegel im Blutkreislauf spielt. Er ist strukturell mit den MHC-Klasse-I-Molekülen verwandt, bindet jedoch keine 
Antigene, sondern schützt IgG-Antikörper vor dem Abbau. Er ist strukturell mit den MHC-Klasse-I-Molekülen verwandt, 
bindet jedoch keine Antigene, sondern schützt IgG-Antikörper vor dem Abbau.
Verlängerung der Halbwertszeit von IgG: IgG-Antikörper haben im Vergleich zu anderen Immunglobulinen eine 
außergewöhnlich lange Halbwertszeit von etwa 21 Tagen im menschlichen Serum. Dies liegt daran, dass der FcRn sie in 
Endosomen bindet (bei saurem pH-Wert) und vor dem lysosomalen Abbau schützt, indem er sie zurück in den Blutkreislauf 
schleust (bei neutralem pH-Wert).



Nipocalimab wirkt, indem er den neonatalen Fc-Rezeptor (FcRn) blockiert, was zu einer 
Reduzierung der IgG-Antikörperspiegel führt. Dadurch werden die schädlichen Autoantikörper 
abgebaut, die bei Myasthenia gravis die neuromuskuläre Synapse angreifen.
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Safety not the issue
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Dapagliflozin



Balcinrenone (AZD9977) ist ein experimenteller, selektiver 
Modulator des Mineralokortikoidrezeptors, der von 
AstraZeneca für die Behandlung von Herzinsuffizienz und 
chronischer Nierenerkrankung entwickelt wird. Es ist ein oral 
aktiver Wirkstoff, der darauf abzielt, die Vorteile herkömmlicher 
Medikamente beizubehalten, aber das Risiko einer 
Hyperkaliämie (hoher Kaliumspiegel im Blut) zu 
verringern. Balcinrenone wird in der Forschung oft in 
Kombination mit Dapagliflozin untersucht.
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Glutenhaltiges Getreide sind Weizen, Gerste, Roggen und 
Hafer sowie ihre Urformen und Kreuzungen wie Dinkel,

The main antibodies used to diagnose celiac disease are anti-tissue transglutaminase 
(tTG), anti-endomysial (EMA), and anti-deamidated gliadin peptide (DGP). The most common 
initial test is the tTG-IgA test, but a doctor will also test for total IgA to ensure the results are 
accurate, especially in cases of IgA deficiency.







Diagnosis



Patho-
physiology

FODMAPs sind kurzkettige Kohlenhydrate, die im Dünndarm schlecht aufgenommen und im Dickdarm von Bakterien fermentiert ( vergoren) werden, 
was zu Gasbildung, Blähungen und anderen Verdauungssymptomen führen kann. Die Abkürzung steht für fermentierbare Oligo-, Di-, Monosaccharide 
und **(a)**nd Polyole. Eine FODMAP-arme Diät kann bei Menschen mit Reizdarmsyndrom (RDS) die Symptome lindern, sollte aber unter 
professioneller Anleitung durchgeführt werden.





In molecular biology, Aerolysin is a cytolytic pore-forming toxin exported by Aeromonas 
hydrophila, a Gram-negative bacterium associated with diarrhoeal diseases and 
deep wound infections.

Aerolysin is also produced by the caterpillar of the moth Megalopyge opercularis, sometimes called the Tree Asp. The mature 
toxin binds to eukaryotic cells and aggregates to form holes (approximately 3 nm in diameter) leading to the destruction of 
the membrane permeability barrier and osmotic lysis. The structure of proaerolysin has been determined to 2.8A resolution 
and shows the protoxin to adopt a novel fold. High-resolution cryo-EM atomic models of aerolysin in membrane-like 
environment (lipid copolymer Nanodiscs) as well as some prepore-like mutant have been elucidated, permitting the 
identification of important interactions required for pore formation and revealing four constriction rings in the pore lumen. 
Aerolysin has also been used as a biosensor due to its narrow lumen and four constrictions points, which could be easily 
mutated, rendering aerolysin very sensitive for the detection of small molecules, (cyclic) peptides, polymers, biopolymers 
such as DNA] or RNA, different sugars and also some proteins.



Koch’s postulates, formulated in 1884 by 
Robert Koch and Friedrich Loeffler, state 
that a microorganism causes a disease if it 
is found in all disease cases, can be 
isolated and grown in culture, causes the 
disease when introduced into a healthy 
host, and can be reisolated from that host. 
These criteria have been revised to account 
for “unculturable” microbes, such as 
viruses, and to recognize microbial genes 
as disease agents rather than the microbes 
themselves. No microorganism that fits 
Koch’s revised postulates has been 
identified as the cause of ulcerative colitis.
Jiang et al. report that a bacterial strain 
isolated from patients with ulcerative colitis 
drives gut inflammation in mice by 
producing aerolysin, which is toxic to 
protective immune cells. The findings 
suggest a previously unidentified 
mechanism by which a microbe might 
contribute to the progression of ulcerative 
colitis.



Inflammatory bowel disease (IBD) is an umbrella term for a 
group of chronic conditions in which the body’s immune 
system attacks the digestive tract, causing inflammation and 
symptoms such as abdominal pain, diarrhea, and fatigue. 
The most common types of IBD are Crohn’s disease and 
ulcerative colitis.
Jiang et al. studied biopsies of tissue from the colons of 
patients with ulcerative colitis using histology and analysis of 
immune cell populations. The authors observed that tissue-
resident macrophages—a type of immune cell that surveys 
mucosal tissues to detect infections or damage—were 
nearly absent from the subepithelial mucosa (the layer of 
tissue beneath the epithelial layer) in the colons of these 
patients. Chemical or genetic depletion of these gut-resident 
macrophages in mice revealed that these cells were crucial 
to protect the colon from chemically induced inflammation.
Jiang et al. hypothesized that an agent produced by the gut 
microbiota might be responsible for the depletion of 
mucosal-resident macrophages in patients with ulcerative 
colitis. They found that fecal matter from these patients, but 
not that from healthy donors, contained aerolysin, a 
substance secreted by bacteria from the Aeromonas genus. 
Aerolysin forms pores in target cells, which leads to cell 
death.



Experiments in cultured mouse and human cells showed that aerolysin 
is highly toxic to macrophages but not to intestinal epithelial cells. The 
authors dubbed the aerolysin-producing bacterial strain Aeromonas sp. 
macrophage-toxic bacteria (MTB).
To assess the effects of MTB on gut tissue, Jiang et al. used mouse 
models of colonic inflammation. Infection with MTB worsened clinical 
symptoms of colonic inflammation, such as weight loss, rectal bleeding, 
and colonic ulcerations, in these animals. Genetically engineered 
microbes lacking the gene encoding aerolysin did not have a 
proinflammatory effect when they were orally given to mice. Notably, 
MTB did not aggravate colitis in mice chemically treated to lack gut-
resident macrophages. Furthermore, administering antibodies targeting 
aerolysin into the abdominal cavities of MTB-infected mice relieved 
signs of colonic inflammation. Thus, MTB infection renders the colon 
susceptible to inflammation by destroying gut-resident macrophages 
with aerolysin.
Jiang et al. also assessed whether MTB and aerolysin were present in 
fecal samples and colonic biopsies from a cohort of 117 patients with 
IBD and 430 healthy controls across 12 provinces in China. The 
authors detected aerolysin-producing MTB in more than 70% of 
patients with ulcerative colitis, whereas these microbes were only 
present in ~12% of healthy individuals. Aerolysin was present in the 
mucosa of all patients with ulcerative colitis but not in that of healthy 
individuals. Notably, only 1 of the 38 patients with Crohn’s disease had 
MTB.




