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A 61-year-old man with prolonged neutropenia as 
a result of salvage chemotherapy for acute 
myeloid leukemia was evaluated on hospital day 
37 for persistent neutropenic fever despite 
treatment with broad-spectrum antimicrobial 
agents. Physical exam was notable for a lesion with 
central necrosis on the chest and a similar lesion 
on the left palm. A serum 1,3-β-D-glucan level was 
elevated, and a galactomannan was negative. 
Computed tomography of the chest, abdomen, 
and pelvis was performed. Gram’s staining of 
blood culture revealed septate, hyaline hyphae. 
Which of the following is the most likely causative 
organism?

Aspergillus fumigatus

Rhizopus arrhizus

Blastomyces dermatitidis

Fusarium keratoplasticum

Cryptococcus neoformans

Molecular sequencing identified the organism as Fusarium 
keratoplasticum. A diagnosis of disseminated fusariosis was 
made. Fusariosis is one of the most common invasive mold 
species in patients with prolonged neutropenia. It is notably 
associated with fungemia, in contrast to other invasive mold 
infections. First line treatment is voriconazole and liposomal 
amphotericin B. Mortality remains high in disseminated 
infection.



Fusarium keratoplasticum ist ein opportunistischer, 
filamentöser Schlauchpilz aus dem Fusarium solani-
Artenkomplex (FSSC). Er ist medizinisch und ökologisch als 
Krankheitserreger bei Mensch und Tier sowie als Biofilm-
Bildner von Bedeutung. 

Klinische Relevanz & Eigenschaften

• Humanpathogen: Verursacht bei immunkompetenten 
Menschen lokale Infektionen wie Hornhautentzündungen 
(Keratitis) oder Nagelpilz.

• Disseminierte Fusariose: Bei stark immungeschwächten 
Patienten (z. B. mit anhaltender Neutropenie) kann er 
schwere, systemische Infektionen über die Blutbahn 
auslösen, die oft mit Hautnekrosen einhergehen und eine 
hohe Sterblichkeit aufweisen.

• Resistenzen: Der Pilz ist von Natur aus gegen viele gängige 
Antimykotika hochgradig resistent, was die Behandlung 
erschwert. Zur Therapie werden meist Voriconazol und 
liposomales Amphotericin B kombiniert.



Finerenon ist ein nicht-steroidaler, selektiver 
Mineralokortikoidrezeptor-Antagonist. Er schützt Herz und 
Nieren, indem er Entzündungen und Gewebevervandung 
(Fibrose) hemmt. Das Medikament ist für Erwachsene zur 
Behandlung einer chronischen Nierenerkrankung bei Typ-2-
Diabetes sowie bei bestimmter chronischer Herzinsuffizienz 
zugelassen. 

Wirkung und Anwendungsgebiete

• Nierenschutz: Verlangsamt das Fortschreiten von 
Nierenschäden bei Diabetes Typ 2 mit Albuminurie (Eiweiß 
im Urin).

• Herzschutz: Senkt das Risiko für Herzinfarkt, 
kardiovaskulären Tod und Krankenhauseinweisungen wegen 
Herzschwäche.

• Vorteil gegenüber älteren Mitteln: Anders als ältere 
Wirkstoffe wie Spironolacton blockiert Finerenon andere 
Steroidrezeptoren kaum, wodurch typische hormonelle 
Nebenwirkungen (wie Brustwachstum bei Männern) 
vermieden werden.

Finerenon ist in Deutschland als Kassenrezept erhältlich. 
Eine große Packung mit 98 Filmtabletten (10 mg oder 20 
mg) kostet laut Apothekendurchschnittspreis (AVP) rund 
196,40 € .

Spironolacton kostet in Deutschland ohne Rezept bzw. als 
gesetzlicher Festpreis (AVP) je nach Dosierung und 
Packungsgröße etwa 14 € für 100 Stück.



Eine Hyperkaliämie bezeichnet eine potenziell 
lebensbedrohliche Elektrolytstörung, bei der die Konzentration 
von Kalium im Blutserum auf über 5,0 mmol/l (bei Kindern 
über 5,4 mmol/l) erhöht ist. Da Kalium maßgeblich für die 
elektrische Erregbarkeit von Herz- und Muskelzellen 
verantwortlich ist, können schwere Verläufe zu tödlichen 
Herzrhythmusstörungen führen.

Schweregrade des Kaliumspiegels

• Milde Hyperkaliämie: 5,0 bis 5,4 mmol/l

• Mittelschwere Hyperkaliämie: 5,5 bis 5,9 mmol/l

• Schwere Hyperkaliämie: 6,0 bis 6,4 mmol/l

• Lebensbedrohliche Hyperkaliämie: Über 6,5 mmol/l 

The most feared complication of MR blockade



In randomized trials, finerenone, a nonsteroidal 
mineralocorticoid receptor antagonist, improved kidney and 
cardiovascular outcomes in patients with type 2 diabetes and 
chronic kidney disease (CKD). Whether finerenone has similar 
effects in patients without diabetes who have CKD is unknown.
We randomly assigned adults without diabetes who had CKD 
(estimated glomerular filtration rate [eGFR], 25 to <90 ml per 
minute per 1.73 m2 of body-surface area) and albuminuria 
(urinary albumin-to-creatinine ratio, 200 to ≤3500, with 
albumin in milligrams and creatinine in grams) and were using 
a renin–angiotensin system inhibitor to receive finerenone (10 
or 20 mg daily) or placebo. The primary outcome was the total 
eGFR slope (mean annual rate of change in the eGFR from 
baseline to month 32), assessed with a two-slope linear spline 
mixed-effects model. Secondary outcomes included a 
composite of kidney or cardiovascular events (reduction from 
baseline of at least 57% in the eGFR, kidney failure, 
hospitalization for heart failure, or death from cardiovascular 
causes), a composite of the two kidney events, and a 
composite of the two cardiovascular events.

MR Blockade 
in non-
diabetic CKD



The prevalence of chronic kidney disease (CKD) has more than doubled since 1990, 
with approximately 800 million adults affected globally in 2023. Although type 2 
diabetes is the most common cause of CKD, more than half the cases are in persons 
without diabetes. Renin–angiotensin system (RAS) inhibitors and sodium–glucose 
cotransporter 2 (SGLT2) inhibitors reduce the loss of kidney function and risk of 
kidney failure in adults with CKD, regardless of whether they have diabetes. Despite 
the use of these guideline-recommended treatments, progressive loss of kidney 
function and adverse cardiovascular outcomes occur in many persons with CKD, 
particularly those with severely increased albuminuria levels. Thus, new therapies are 
needed.
Overactivation of the mineralocorticoid receptor is implicated in the pathophysiology 
of CKD through increased sodium and fluid retention and activation of 
proinflammatory and profibrotic processes. Finerenone is a selective nonsteroidal 
mineralocorticoid receptor antagonist that has been shown to reduce the loss of 
kidney function and the risk of adverse kidney and cardiovascular outcomes in 
persons with CKD and type 2 diabetes. The current trial, FIND-CKD (Finerenone in 
Non-Diabetic CKD), examined the efficacy and safety of finerenone in adults without 
diabetes who had CKD.



Participants
Eligible participants had a clinical diagnosis of CKD and an estimated glomerular filtration rate (eGFR) 
of at least 25 but less than 60 ml per minute per 1.73 m2 of body-surface area and a urinary albumin-
to-creatinine ratio between 200 and 500 (with the albumin level measured in milligrams and the 
creatinine level measured in grams), or an eGFR of at least 25 but less than 90 ml per minute per 1.73 
m2 and a urinary albumin-to-creatinine ratio between 500 and 3500. Eligibility criteria included a 
serum potassium level of 4.8 mmol per liter or less and receipt of a stable dose of an angiotensin-
converting enzyme inhibitor or an angiotensin-receptor blocker therapy for at least 4 weeks before 
screening. Patients were excluded if they had received a diagnosis of type 1 or type 2 diabetes or had 
a glycated hemoglobin level of at least 6.5%. 
Trial Procedures
Participants were randomly assigned in a 1:1 ratio to receive oral finerenone or matching placebo. 
Randomization was conducted with the use of interactive response technology and included baseline 
SGLT2 inhibitor use (yes vs. no) and screening urinary albumin-to-creatinine ratio (≤1000 vs. >1000) as 
stratification factors. Finerenone therapy was initiated at a dose of 20 mg per day if the screening 
eGFR was at least 60 ml per minute per 1.73 m2 and at 10 mg per day if the screening eGFR was 25 to 
less than 60 ml per minute per 1.73 m2. 
Outcomes
The primary efficacy outcome was the total eGFR slope, defined as the mean annual rate of change in 
the eGFR from baseline to month 32.



Outcomes and Adverse Events.







15 times as 
common 
but nobody 
died



Die Androgendeprivations-Therapie (ADT), im Deutschen auch 
als Hormonentzugstherapie oder Anti-Hormontherapie 
bekannt, ist eine medizinische Behandlung zur Senkung des 
Testosteronspiegels. Sie wird vor allem bei Prostatakrebs 
eingesetzt, um das Wachstum der Krebszellen zu verlangsamen 
oder zu stoppen, da Testosteron dieses Wachstum anregt.

Arten der Therapie

• Medikamentöse Senkung: LH-RH-Analoga oder LH-RH-
Antagonisten stoppen die Testosteronproduktion im 
Hoden.

• Rezeptorblocker (Antiandrogene): Tabletten verhindern, 
dass Testosteron an die Krebszellen andockt.

• Operative Kastration: Die chirurgische Entfernung beider 
Hoden (Orchiektomie).

• Formen: Die Behandlung kann dauerhaft (kontinuierlich) 
oder zeitweise unterbrochen (intermittierend) erfolgen.

ADT is linked to an increased risk of adverse 
cardiovascular events, including heart attacks, strokes, 
and heart failure. This risk is largely driven by metabolic 
changes like weight gain, insulin resistance, and higher 
cholesterol.



Anwendungsgebiete

Das Medikament kommt in zwei wesentlichen Stadien zum 
Einsatz: 

• nmCRPC: Nicht-metastasiertes, kastrationsresistentes 
Prostatakarzinom mit hohem Risiko für Metastasen.

• mHSPC: Metastasiertes, hormonsensitives Prostatakarzinom 
in Kombination mit einer Hormonentzugstherapie (ADT). 

• Die Standarddosis beträgt 240 mg täglich (entweder als vier 
60 mg Tabletten oder eine 240 mg Tabletze).

• Die Einnahme erfolgt als Einmalgabe unabhängig von den 
Mahlzeiten.

• Eine bestehende medizinische Kastration (GnRH-Analoga) 
muss parallel fortgesetzt werden

Apalutamid ist ein verschreibungspflichtiges Mittel zur gezielten 
Behandlung des fortgeschrittenen Prostatakarzinoms. Es gehört 
zur Medikamentenklasse der Antiandrogene (Androgenrezeptor-
Antagonisten). Der Wirkstoff blockiert die Bindung von 
Testosteron an den Tumorzellen, um deren Wachstum effektiv zu 
bremsen

Apalutamid blockiert den Androgenrezeptor 
(AR) anders als ältere Antiandrogene der 1. 
Generation (wie Bicalutamid), wirkt aber 
sehr ähnlich wie andere Inhibitoren der 2. 
Generation (wie Enzalutamid). Es blockiert 
die Signalübertragung auf drei Ebenen: Es 
verhindert die Bindung des Hormons, stoppt 
das Wandern des Rezeptors in den Zellkern 
und blockiert die Bindung an die DNA

Enzalutamide (Xtandi) and Apalutamide (Erleada) are both second-
generation oral non-steroidal anti-androgen medicines used to treat 
prostate cancer. They differ slightly in their chemical structures, half-
lives, receptor binding profiles, and specific side effect management, 
though both block androgen receptor activity.

https://www.gelbe-liste.de/neue-medikamente/neueinfuehrung-erleada-apalutamid


Radical prostatectomy is potentially curative in patients with 
high-risk localized or locally advanced prostate cancer; 
however, relapse occurs within 5 years in up to 50% of patients.
We conducted a phase 3, double-blind, placebo-controlled trial 
in which patients with newly diagnosed high-risk localized or 
locally advanced prostate cancer were randomly assigned in a 
1:1 ratio to receive androgen-deprivation therapy (ADT) plus 
apalutamide (240 mg per day) or ADT plus placebo for 6 cycles 
(28 days each) before and after radical prostatectomy with 
pelvic lymph-node dissection. The dual primary end points 
were a composite of pathological complete response or 
minimal residual disease (defined as a pathological stage of 
ypT2 or lower, with a tumor size of ≤5 mm in the greatest 
dimension) and metastasis-free survival, as assessed with 
conventional imaging or prostate-specific membrane antigen 
positron-emission tomography. Secondary end points included 
event-free survival, first subsequent treatment, and distant 
metastasis (assessed in time-to-event analyses), as well as 
safety.

Apalutamide
and AVT

Vs. 

No 
apalutamide 
and AVT

Apalutamide 
is an AVT



Apalutamide is an oral nonsteroidal androgen-receptor inhibitor approved for the 
treatment of nonmetastatic, castration-resistant prostate cancer (i.e., progressive 
cancer in the context of very low serum testosterone levels) and metastatic, 
castration-sensitive prostate cancer on the basis of results from the phase 3 SPARTAN 
(Selective Prostate Androgen Receptor Targeting with ARN-509) and TITAN (Targeted 
Investigational Treatment Analysis of Novel Anti-androgen) trials, respectively. In 
metastatic, castration-sensitive prostate cancer, treatment with ADT plus 
apalutamide led to rapid, deep, and durable decline in PSA levels and better overall 
survival than ADT plus placebo. We conducted the PROTEUS (Perioperative 
Treatment with Erleada United with Surgery) trial to assess the efficacy and safety of 
12 cycles of perioperative treatment with ADT plus apalutamide as compared with 
ADT plus placebo in patients with high-risk localized or locally advanced prostate 
cancer undergoing radical prostatectomy.



Patients
Eligible patients had histologically confirmed adenocarcinoma, were candidates for radical 
prostatectomy as assessed by investigators, and had high-risk localized or locally advanced 
prostate cancer as defined according to a combination of NCCN criteria and additional trial-
specific criteria involving the number of positive biopsy cores. 
Treatment
Patients were randomly assigned in a 1:1 ratio to receive apalutamide (240 mg) or matched 
placebo orally once daily, in addition to ADT (gonadotropin-releasing hormone analogue 
[agonist or antagonist]). Patients received six cycles (28 days each) of neoadjuvant treatment 
(ADT plus apalutamide or ADT plus placebo), with cessation of apalutamide or placebo 
during the period from 2 weeks before radical prostatectomy to 4 weeks after 
prostatectomy, followed by six cycles (28 days each) of adjuvant treatment (ADT plus 
apalutamide or ADT plus placebo) after prostatectomy. ADT was continuous throughout the 
treatment phase. 
End Points and Assessments
The dual primary end points were pathological complete response or minimal residual 
disease (a composite end point) and metastasis-free survival. 



Primary, Secondary, Exploratory, and Post Hoc End Points.



Adverse Events 



Die Kombination aus einer Androgendeprivationstherapie 
(ADT) und Apalutamid ist eine wirksame medikamentöse 
Behandlung für bestimmte Formen von Prostatakrebs. Sie 
blockiert die Wirkung von männlichen Hormonen 
(Androgenen) auf die Krebszellen weitaus stärker als eine 
alleinige ADT und verlangsamt das Tumorwachstum 
deutlich.

• Metastasiertes hormonsensitives 
Prostatakarzinom (mHSPC): Hier senkt die 
Kombination das Risiko für ein Voranschreiten der 
Erkrankung und verbessert nachweislich das 
Gesamtüberleben. 

• Nicht-metastasiertes kastrationsresistentes 
Prostatakarzinom (nmCRPC): Bei dieser Form 
zögert die Therapie das Auftreten von 
Fernmetastasen stark heraus. 

• Lokaler Hochrisiko-Prostatakrebs: Neuere Daten 
untersuchen den Einsatz im perioperativen 
(vor/nach operativer Entfernung) Bereich, um das 
Ansprechen zu verbessern

Conclusions:





Die periphere arterielle Verschlusskrankheit (pAVK), auch als 
Schaufensterkrankheit bekannt, ist eine chronische 
Durchblutungsstörung der Extremitäten. Sie wird meistens durch 
Arteriosklerose (Gefäßverkalkung) verursacht, welche zu Verengungen 
oder Verschlüssen der Arterien führt. Am häufigsten sind die Beine 
betroffen

Die Erkrankung verläuft typischerweise in vier Stadien (nach 
Fontaine):

• Stadium I: Beschwerdefrei, oft zufällige Diagnose.

• Stadium II: Belastungsschmerz beim Gehen, der zum 
Stehenbleiben zwingt.

• Stadium III: Ruheschmerzen, besonders im Liegen.

• Stadium IV: Gewebeschäden (Geschwüre, Nekrosen, 
„Raucherbein“)



Sirolimus (auch bekannt als Rapamycin) ist ein starkes 
Immunsuppressivum, das primär zur Verhinderung von 
Organabstoßungen nach Nierentransplantationen 
eingesetzt wird. Es blockiert das Enzym mTOR 
(mechanistic Target of Rapamycin) und hemmt so die 
Aktivierung von T-Zellen. Zudem wird es bei der seltenen 
Lungenerkrankung Lymphangioleiomyomatose (LAM)

Wichtige Aspekte der Anwendung

• Wirkmechanismus: Gezielte Hemmung des mTOR-
Signalwegs zur Unterdrückung der Immunantwort.

• Wechselwirkungen: Der Wirkstoff wird über das 
Enzym CYP3A4 abgebaut. Grapefruitsaft oder 
Medikamente wie Clarithromycin erhöhen den 
Blutspiegel massiv.

• Nebenwirkungen: Häufig treten 
Wundheilungsstörungen, Aphten im Mund, Ödeme 
oder erhöhte Blutfettwerte auf.



Whether sirolimus-coated balloon angioplasty for infrainguinal 
artery disease reduces the incidence of major adverse limb 
events remains unknown. In this prospective, open-label, 
noninferiority trial with a prespecified sequential testing 
strategy for superiority and blinded outcome adjudication, we 
randomly assigned patients with infrainguinal artery disease in 
a 1:1 ratio to undergo angioplasty with a sirolimus-coated 
balloon or with an uncoated balloon. The primary outcome was 
a composite of unplanned major amputation affecting the 
target limb or endovascular or surgical revascularization of the 
target lesion for critical limb ischemia within 1 year after 
randomization. The key secondary outcome was a composite of 
any unplanned amputation affecting the target limb or 
revascularization of the target lesion for critical or noncritical 
limb ischemia within 1 year after randomization. The 
noninferiority margin was 5 percentage points. The primary 
safety outcome was death from any cause within 1 year after 
randomization.

Sirolimus stent

Vs. 

No-coat stent



Drug-coated balloons were developed to ensure lasting vessel patency after endovascular 
intervention through local delivery of antiproliferative agents. Drug-coated balloons that 
deliver paclitaxel, which exerts a local cytotoxic effect, have been shown to delay or prevent 
restenosis and reduce the need for target-lesion revascularization among patients with 
femoropopliteal artery disease. However, whether paclitaxel-coated devices are associated 
with an increased risk of death continues to be debated.
Sirolimus, an inhibitor of mammalian target of rapamycin that exerts a cytostatic effect, has 
been widely used in drug-eluting coronary stents and may attenuate neointimal hyperplasia 
in peripheral arteries while potentially minimizing systemic toxic effects. We conducted the 
SirPAD (Sirolimus-Coated Balloon for Peripheral Artery Disease) trial to assess whether 
angioplasty with a sirolimus-coated balloon is noninferior and, if the criterion for 
noninferiority is met, superior to angioplasty with an uncoated balloon with respect to 
reducing major adverse limb events among patients with symptomatic infrainguinal artery 
disease.



Eligibility
Eligible patients were at least 18 years of age with symptomatic peripheral artery disease in the 
femoropopliteal arteries or arteries below the knee that warranted endovascular intervention. 
Patients were excluded if they were pregnant, breast-feeding, or planned to become pregnant 
during the trial period; had a known hypersensitivity or allergy to sirolimus; or had participated 
in another investigational trial in the previous 90 days. 
Treatment and Randomization
Eligible patients were randomly assigned in a 1:1 ratio to undergo angioplasty with either a 
sirolimus-coated balloon or an uncoated balloon; trial-group assignments were performed after 
angiographic screening, identification of the target lesion, and successful passage of the wire 
through the target lesion. Randomization was computer-generated with permuted blocks and 
stratified according to trial site and the presence or absence of critical limb ischemia.
Efficacy and Safety Outcomes
The primary outcome was major adverse limb events within 1 year after randomization, which 
was defined as a composite of unplanned major amputation affecting the target limb or 
endovascular or surgical revascularization of the target lesion for critical limb ischemia. 



Procedural Data and Characteristics of the Target Lesions.
Demographic features



Primary and Secondary Outcomes.





Ein Herz-Kreislauf-Stillstand (cardiac arrest) ist ein 
medizinischer Notfall, bei dem das Herz plötzlich aufhört zu 
schlagen und kein Blut mehr durch den Körper pumpt. Die 
betroffene Person verliert sofort das Bewusstsein und hört auf 
zu atmen oder zeigt nur noch Schnappatmung. Ohne sofortige 
Hilfe führt dies innerhalb weniger Minuten zum Tod.

Sofortmaßnahmen (Erste Hilfe)

• Notruf wählen: Sofort die 112 rufen (oder andere 
Personen dazu auffordern).

• Prüfen: Reagiert die Person und atmet sie normal?

• Herzdruckmassage: Fest und schnell in die Mitte des 
Brustkorbs drücken (100-120 Mal pro Minute, ca. 5–6 cm 
tief).

• Defibrillator (AED): Ein automatisierter externer 
Defibrillator (AED) sollte geholt und nach Anweisung 
genutzt werden

Overall survival to hospital discharge for out-of-hospital cardiac 
arrest (OHCA) is low, averaging about 9% to 10% globally. 



Während einer laufenden Reanimation (Cardiopulmonary Resuscitation, CPR) bei 
einem Herzstillstand wird maximaler medizinischer Sauerstoff (100 %) verabreicht. 
Nach einer erfolgreichen Wiederbelebung (ROSC – Return of Spontaneous 
Circulation) wird die Sauerstoffgabe jedoch titriert, um eine Sauerstoffsättigung von 
94–98 % anzustreben und Hyperoxie (zu viel Sauerstoff) zu vermeiden.

Leitlinien zur Sauerstoffgabe

• Während des Herzstillstands (CPR):

• Sofortiger Beginn mit 100 % Sauerstoff über ein Beutel-Maske-System oder 
einen Tubus (fortgeschrittene Atemwegssicherung).

• Ziel ist die maximale Sauerstoffversorgung des Blutes, da kein eigener 
Blutfluss mehr stattfindet.

• Nach der Wiederbelebung (Post-Resuscitation Care / ROSC):

• Sobald verlässliche Messwerte (Pulsoxymetrie/BGA) vorliegen, wird der 
Sauerstoff angepasst.

• Zielwert der Sättigung: 94 % bis 98 %.

• Vermeidung von Hyperoxie (extrem hohen Sauerstoffwerten), da freie 
Sauerstoffradikale und Gefäßverengungen das geimpfte Gehirn und das 
Herzgewebe zusätzlich schädigen können.

Oxygen



In patients who are unresponsive after resuscitation from 
cardiac arrest, limiting oxygen exposure to that necessary to 
achieve acceptable oxygenation may increase the likelihood of 
survival with a favorable functional outcome. We randomly 
assigned unresponsive adults receiving mechanical ventilation 
in the intensive care unit (ICU) after cardiac arrest to 
conservative or liberal oxygen therapy. In the two groups, the 
default lower limit of arterial oxygen saturation as measured by 
pulse oximetry (Spo2) was 90%. In the conservative-oxygen 
group, the alarm for the upper limit of the Spo2 was set at 95%, 
and the fraction of inspired oxygen (Fio2) was decreased to 0.21 
provided that the Spo2 was above the lower limit. In the liberal-
oxygen group, there were no measures limiting the upper Spo2, 
but the minimum Fio2 permitted during mechanical ventilation 
was 0.3. The primary outcome was survival with a favorable 
functional outcome at 180 days, assessed with the Extended 
Glasgow Outcome Scale (GOS-E). Levels on the GOS-E range 
from 1 (death) to 8 (“upper good recovery”). We defined 
survival with a favorable functional outcome as a GOS-E level of 
5 (“lower moderate disability”) or higher.

Upper limit
Sat 95%

Vs.

Upper limit:
None



Brain damage from ischemic encephalopathy is common after a cardiac arrest. 
Injury results from both oxygen deprivation during the arrest and reperfusion 
injury after circulation is restored. Studies in animals suggest that high oxygen 
exposure after reperfusion may overwhelm antioxidant defenses, causing 
neuronal death. By limiting exposure to hyperoxemia, conservative oxygen therapy 
may attenuate reperfusion injury and improve outcomes. The Low Oxygen 
Intervention for Cardiac Arrest Injury Limitation (LOGICAL) trial was designed to 
test the hypothesis that, in adults in the ICU with suspected ischemic 
encephalopathy after return of spontaneous circulation, conservative oxygen 
therapy improves survival with a favorable functional outcome at 180 days as 
compared with liberal oxygen therapy.



Patients
Adults (≥18 years of age) receiving mechanical ventilation in the ICU after a cardiac 
arrest in whom ischemic encephalopathy was suspected (i.e., those unable to 
follow verbal commands after return of spontaneous circulation when there was 
clinical concern about possible brain damage) were eligible for inclusion. Patients 
who had been enrolled previously and those for whom enrollment was not 
considered to be in their best interests, including when death was deemed to be 
imminent and inevitable, were excluded. Enrollment was required within 12 hours 
after fulfillment of eligibility criteria.
Randomization and Treatment
We randomly assigned patients to conservative or liberal oxygen therapy with the 
use of a secure, centralized, Internet-based system. 
Outcome Measures
The primary outcome was a favorable functional outcome measured with the 
Extended Glasgow Outcome Scale (GOS-E) at 180 days after randomization,



Primary and Secondary Outcomes.

Metrics of Oxygen Exposure.
Characteristics of the Patients at 
Baseline.







A 75-year-old retired man who lives alone presents to the emergency 
department with a zygomatic fracture after an unexplained fall. He has 
a history of hypertension, hyperlipidemia, and depression, for which he 
is receiving treatment. The incident occurred in the early afternoon 
while he was walking his dog. It was associated with urinary 
incontinence, and the patient has no recollection of the event. There 
were no witnesses. Over the preceding 6 months, he reports having 
had one similar fall and two episodes of transient loss of consciousness. 
These episodes occurred after he stood up after eating a meal or sitting 
for a prolonged period or during nocturnal urination. All events were 
unwitnessed. How should this case be managed?



Eine Synkope ist eine plötzlich auftretende, kurze Ohnmacht mit Verlust der Haltungskontrolle, 
die durch eine vorübergehende Minderdurchblutung des Gehirns verursacht wird und sich von 
selbst wieder vollständig erholt.



Treatment of Syncope Based on the Diagnostic Evaluation.
Adapted from Brignole et al. The general framework of treatment is based on risk stratification and 
the identification of specific mechanisms when possible. ICD denotes implantable cardioverter–
defibrillator.





Disorders That Can Cause Transient Loss of 
Consciousness and Mimic Syncope.



Additional Evaluation and Diagnosis of Syncope According to Current ACC–AHA–HRS Guidelines
Adapted from the 2017 ACC–AHA–HRS guidelines. CT denotes computed tomography, MRI 
magnetic resonance imaging, and TTE transthoracic echocardiography.



Conclusion
In a patient such as the one described in the vignette, injuries are first managed while 
emergency causes of syncope are simultaneously ruled out. Because the events were 
sudden and injurious in an older man, I would deem him to be at intermediate-to-high 
risk and therefore would recommend monitoring in an emergency department 
observation unit where he would undergo ECG, echocardiogram, and orthostatic blood-
pressure studies. If no arrhythmias or structural heart disease were noted but his blood 
pressure decreased to 80/55 mm Hg with symptoms of lightheadedness on standing, I 
would perform carotid sinus massage to evaluate for carotid sinus syndrome. Such a 
diagnosis would be established with a cardiac pause of at least 3 seconds during upright 
carotid sinus massage during which the patient would lose consciousness. Although 
more-prolonged cardiac monitoring, such as an implantable loop recorder, might 
capture symptom–rhythm correlation, given the patient’s age and injuries, it would be 
reasonable to proceed directly to implantation of a dual-chamber cardiac pacemaker for 
syncope attributed to carotid sinus syndrome, coupled with modification of possible 
culprit medications (antihypertensive and antidepressant medications) to manage 
orthostatic hypotension. These recommendations align with the most recent U.S. and 
European guidelines for syncope.





Ein triple-negativer Brustkrebs (TNBC) ist eine besonders aggressive Form 
von Brustkrebs, bei der den Krebszellen drei entscheidende Merkmale auf 
ihrer Oberfläche fehlen: Rezeptoren für die Hormone Östrogen, Progesteron 
sowie der Wachstumsfaktor-Rezeptor HER2. Da diese drei typischen 
biologischen Andockstellen „negativ“ sind, greifen herkömmliche 
Antihormon- und klassische HER2-zielgerichtete Therapien hier nicht

• Chemotherapie: Da sich die Tumorzellen so schnell teilen, reagieren sie 
in der Regel sehr empfindlich auf eine Chemotherapie. Oft wird diese als 
neoadjuvante Therapie (also vor der Operation) eingesetzt, um den 
Tumor vorab maximal zu verkleinern. 

• Immuntherapie: Moderne Wirkstoffe (wie z. B. Pembrolizumab) helfen 
dem körpereigenen Immunsystem dabei, die wiederzuerkennen und 
selbstständig zu bekämpfen.

• Antikörper-Wirkstoff-Konjugate (ADCs): Neuere zielgerichtete 
Medikamente wie Sacituzumab Govitecan fungieren als „Trojanische 
Pferde“, die Chemotherapeutika gezielt direkt in die Krebszellen 
transportieren.

• PARP-Inhibitoren: Bei Patientinnen mit einer nachgewiesenen BRCA1/2-
Genmutation können diese Tabletten den Repariermechanismus der 
Tumorzellen blockieren und diese so zerstören.

BLBC steht für „basal-like breast cancer“ (basalähnliches 
Mammakarzinom). Es ist ein sehr aggressiver Untertyp des 
Brustkrebses, der stark mit dem triple-negativen Brustkrebs 
(TNBC) übereinstimmt. Den Tumorzellen fehlen die Rezeptoren 
für Östrogen, Progesteron und HER2, weshalb klassische 
Hormon- oder Antikörpertherapien nicht wirken

Triple negative breast cancerBackground for the N Engl J Med mystery case

https://studienfinder.mamazone.de/studien/kategorie/triple-negativ


Das Krankheitsbild lautet Hämophagozytische 
Lymphohistiozytose (HLH). Es handelt sich um eine seltene, 
lebensbedrohliche Erkrankung des Immunsystems, bei der 
körpereigene Fresszellen (Makrophagen/Monozyten) massiv 
überaktiviert werden und gesunde Blutzellen sowie Organe 
angreifen.

Krankheitsmechanismus und Formen

Bei der HLH gerät die Immunregulation außer Kontrolle, was zu 
einem sogenannten Zytokinsturm führt. Fresszellen zerstören 
fälschlicherweise rote und weiße Blutkörperchen sowie 
Blutplättchen. Man unterscheidet zwei Hauptformen: 

• Primäre (familiäre) HLH: Genetisch bedingt, tritt meist 
schon im Säuglings- oder Kleinkindalter auf.

• Sekundäre HLH: Erworben im fortgeschrittenen Alter, 
ausgelöst durch schwere Infektionen, Krebserkrankungen 
oder Autoimmunerkrankungen 
(Makrophagenaktivierungssyndrom). 

Typische Leitsymptome

• Anhaltend hohes, therapieresistentes Fieber

• Starke Vergrößerung von Leber und Milz 
(Hepatosplenomegalie)

• Ausgeprägte Blutbildveränderungen (Mangel an 
Thrombozyten, Erythrozyten und Leukozyten)

• Extrem hohe Ferritinwerte im Blut

Das nicht bekannte EntzündungssyndromBackground for the N Engl J Med mystery case



A 60-year-old woman with stage II triple-negative breast cancer presented to the 
emergency department with a weeklong history of fevers, rigors, malaise, 
nonproductive cough, and nausea. She reported intermittent lightheadedness, 
headaches, and neck pain when febrile but no sore throat, rhinorrhea, shortness of 
breath, vomiting, abdominal pain, or dysuria. She noted no recent travel or sick 
contacts. Two months before presentation, she completed neoadjuvant carboplatin, 
paclitaxel, and doxorubicin and then, 1 month before presentation, underwent 
lumpectomy of the left breast and sentinel-lymph-node biopsy. She had also been 
treated as part of a clinical trial with multiple cycles of pembrolizumab (first dose, 6 
months before presentation; last dose, 6 days before presentation). Although she 
had had transient neutropenia from chemotherapy, her white-cell counts had 
normalized after her last cycle. Postoperatively, mild tenderness and swelling 
around her left axilla had developed without systemic signs of infection; computed 
tomographic (CT) imaging was consistent with an uncomplicated seroma. In the 
days leading up to this presentation, her tenderness in this area had resolved.



The patient was not taking any medications, nor did she have any allergies to medications. 
She lived in a suburban part of the northeastern United States without any animal 
exposures. She enjoyed hiking and biking in outdoor areas but reported no recent insect 
bites. Her son, with whom she lives, had recently traveled to the United Arab Emirates but 
did not report any infectious symptoms. She had not ingested any raw, unpasteurized, or 
imported food products but reported recently handling raw goat and lamb meat bought 
from a local butcher.
On physical examination, the patient appeared comfortable. The oral temperature was 
38.9°C, heart rate 120 beats per minute, blood pressure 100/63 mm Hg, and oxygen 
saturation 99% while she was breathing ambient air. Her neck was supple, and there was no 
cervical, submandibular, or supraclavicular lymphadenopathy. No oral mucosal lesions were 
present. A cardiac examination was notable for tachycardia without murmurs, rubs, or 
gallops. The lungs were clear to auscultation. The abdomen was soft, nondistended, and 
nontender to palpation without hepatosplenomegaly. She was alert and oriented and had 
no focal neurologic deficits. A skin examination was notable for a small, erythematous, 
tender but nonfluctuant papule on her scalp and a well-healing incision in the left axilla at 
her lumpectomy site without overlying erythema, fluctuance, or tenderness to palpation.



In this patient with chemotherapy-related 
immunocompromise, I am most concerned 
about an infection causing the fever and 
associated symptoms. Her cough suggests the 
possibility of upper or lower respiratory tract 
infection. Given her residual axillary seroma, a 
superimposed soft-tissue infection could also be 
driving her fevers, although the absence of 
worsening tenderness in this area makes this 
less likely. Pembrolizumab-associated 
inflammatory conditions, including cytokine 
release syndrome or hemophagocytic 
lymphohistiocytosis (HLH), should also be 
considered. Cancers can also cause fever, but 
this is unlikely with breast cancer.

Tiny blisters?



The white-cell count was 1860 per microliter, hemoglobin level 9.2 g per deciliter, and platelet 
count 66,000 per microliter. (These values were 4670 per microliter, 11.2 g per deciliter, and 
162,000 per microliter, respectively, 1 month earlier.) The neutrophil count was 1390 per microliter 
(normal range, 1920 to 7600), lymphocyte count 350 per microliter (normal range, 720 to 4100), 
and monocyte count 100 per microliter (normal range, 160 to 1100). A comprehensive metabolic 
panel; coagulation studies, including prothrombin time (expressed in the international normalized 
ratio), partial-thromboplastin time, and fibrinogen level; and lactate level were unremarkable. 
Nasopharyngeal polymerase-chain-reaction (PCR) testing for Covid-19, influenza, parainfluenza, 
adenovirus, and respiratory syncytial virus was negative. Sputum and throat cultures were 
negative. Blood cultures were obtained. The C-reactive protein level was 248.9 mg per liter (normal 
value, <3.0), and the erythrocyte sedimentation rate was 34 mm per hour (normal value, <30). 
Testing for antibodies against Bordetella pertussis and Mycoplasma pneumoniae was negative. 
Serologic testing for brucella and toxoplasma was negative. Serum PCR studies for Epstein–Barr 
virus, parvovirus, cytomegalovirus, and toxoplasma were also negative, as were tests for beta-D-
glucan and galactomannan. Urinalysis showed trace bacteria without red or white cells; urine 
culture grew less than 10,000 colony-forming units (CFU) per milliliter of corynebacterium species 
and 10,000 to 50,000 CFU per milliliter of lactobacillus species.



The combination of fever, splenomegaly, 
cytopenias, hypertriglyceridemia, 
hyperferritinemia, and elevated level of soluble 
CD25 (a soluble form of the interleukin-2 
receptor alpha chain) is consistent with a 
diagnosis of HLH. Whether the CD25 level 
meets diagnostic criteria is uncertain, because 
established criteria relied on a different 
functional assay, and there is no accepted 
conversion factor. Nonetheless, in this clinical 
context with the other features present, the 
diagnosis of HLH appears certain.



.
Intravenous antibiotic therapy with vancomycin and cefepime was initiated on admission. 
The patient remained febrile, and on day 3 of admission, she was switched from 
cefepime to piperacillin–tazobactam for improved anaerobic coverage, and doxycycline 
was added for empirical treatment of tickborne illnesses. Despite broad-spectrum 
antibiotics, the patient continued to have fevers, and on hospital day 4, symptomatic 
hypotension developed.
The patient’s hypotension resolved with intravenous fluid boluses. Her white-cell count 
and hemoglobin level continued to decrease, with lows of 1010 per microliter and 7.0 g 
per deciliter, respectively. Additional laboratory testing showed a ferritin level of 37,956 
micrograms per liter (normal range, 13 to 150), a triglyceride level of 296 mg per deciliter 
(3.3 mmol per liter; normal range, 35 to 150 mg per deciliter [0.4 to 1.7 mmol per liter]), 
a fibrinogen level of 222 mg per deciliter (normal range, 200 to 400), a soluble CD25 level 
of 4268.1 pg per milliliter (normal range, 175.3 to 858.2) by enzyme-linked 
immunosorbent assay, and an interleukin-6 level of 56.2 pg per milliliter (normal value, 
<7.1). Flow cytometry and molecular testing did not show evidence of a hematologic 
cancer.



On day 5, intravenous methylprednisolone (1 mg per kilogram of body weight daily) was 
initiated and resulted in immediate resolution of the patient’s fevers, easing of her 
cytopenias, and reduction in the ferritin level. By day 8, blood cultures remained negative, 
and doxycycline was stopped after PCR tests for babesia, borrelia, ehrlichia, and anaplasma 
were negative. On day 9, she was transitioned to oral prednisone (100 mg daily) and 
discharged on hospital day 11 with a plan to slowly taper her dose of prednisone by 10 mg 
weekly. She continued to do well clinically, and the decision was made to discontinue 
pembrolizumab. Additional scalp lesions developed after discharge that were biopsied and 
consistent with shingles, for which she was treated with valacyclovir.
Commentary
This patient presented with fever and neutropenia that persisted despite broad-spectrum 
antibiotics without evidence of active infection. In the context of recent treatment with 
pembrolizumab, splenomegaly, and other serologic markers, she ultimately received a 
diagnosis of pembrolizumab-associated HLH, which responded rapidly to glucocorticoid 
therapy.



Pembrolizumab (ein Immuncheckpoint-Inhibitor) kann sehr selten eine Hämophagozytische 
Lymphohistiozytose (HLH) als schwerwiegende immunvermittelte Nebenwirkung auslösen. 
Dies ist eine lebensgefährliche Überaktivierung des Immunsystems mit hohem Fieber, 
Organschäden und stark veränderten Blutwerten.

Was Sie über Pembrolizumab und HLH wissen sollten

• Häufigkeit: Extrem selten, aber in der klinischen Literatur dokumentiert.

• Zeitpunkt: Tritt meist wenige Wochen nach Beginn der Therapie oder kurz nach einer 
Infusion auf, kann aber auch verzögert einsetzen.

• Symptome: Anhaltendes hohes Fieber, starke Schwäche, Gelbsucht, Atemnot oder 
Hautausschlag.

• Laborwerte: Extrem hoher Ferritinwert, niedrige Blutzellen (Panzytopenie) und gestörte 
Leberwerte.

• Behandlung: Sofortiger Stopp von Pembrolizumab und hochdosierte Gabe von Cortison (z. 
B. Prednisolon/Dexamethason) oder speziellen Immunhemmern (wie Anakinra).



Die pulmonale Hypertonie (PH) – im Volksmund als Lungenhochdruck bezeichnet – ist eine chronische und fortschreitende 
Erkrankung, die durch einen dauerhaft erhöhten Blutdruck im Lungenkreislauf (mittlerer pulmonalarterieller Druck > 20 
mmHg) definiert ist. Durch verengte oder steife Gefäße muss die rechte Herzkammer das Blut mit deutlich erhöhtem 
Kraftaufwand in die Lunge pumpen, was langfristig zu einer Überlastung des Herzens (Rechtsherzinsuffizienz) führen kann.

Die Europäische Gesellschaft für Kardiologie (ESC) unterteilt den 
Lungenhochdruck je nach Auslöser in fünf Kategorien: 

• Gruppe 1: Pulmonalarterielle Hypertonie (PAH) – Seltene Form, 
ausgelöst durch direkte Gefäßveränderungen; kann idiopathisch (ohne 
erkennbare Ursache), vererbt oder durch Bindegewebserkrankungen 
bedingt sein.

• Gruppe 2: PH bei Linksherzerkrankungen – Die häufigste Form; entsteht 
durch einen Blutrückstau infolge einer Herzschwäche der linken 
Herzhälfte. 

• Gruppe 3: PH bei Lungenerkrankungen – Ausgelöst durch chronischen 
Sauerstoffmangel bei Erkrankungen wie COPD oder Lungenfibrose.

• Gruppe 4: Chronisch-thromboembolische pulmonale Hypertonie 
(CTEPH) – Verursacht durch nicht aufgelöste, chronische Blutgerinnsel 
(nach Lungenembolien).

• Gruppe 5: PH mit unklaren Mechanismen – Entsteht im Zuge anderer 
Grunderkrankungen wie Stoffwechsel- oder Bluterkrankungen.

• PDE-5-Hemmer (z. B. Sildenafil, Tadalafil): Erweitern die 
Blutgefäße in der Lunge über den Stickstoffmonoxid-Weg.

• Endothelin-Rezeptor-Antagonisten / ERA (z. B. Bosentan, 
Ambrisentan, Macitentan): Blockieren den Botenstoff 
Endothelin, der die Gefäße verengt.

• sGC-Stimulatoren (z. B. Riociguat): Stimulieren die 
lösliche Guanylatcyclase und verstärken die 
gefäßerweiternde Wirkung von Stickstoffmonoxid.

• Prostazyklin-Analoga & IP-Rezeptor-Agonisten (z. B. 
Iloprost, Treprostinil, Epoprostenol, Selexipag): Ersetzen 
das körpereigene, gefäßerweiternde Prostazyklin.

• Aktivin-Signalweg-Inhibitoren (z. B. Sotatercept): Ein 
neuerer Ansatz, der direkt an den zellulären 
Umbauprozessen der Gefäßwände ansetzt.

https://flexikon.doccheck.com/de/COPD


Prostacyclin (auch Prostaglandin I₂, kurz PGI₂) 
ist ein körpereigenes Gewebshormon aus der 
Gruppe der Eicosanoide. Es wirkt stark 
gefäßerweiternd (vasodilatatorisch) und 
hemmt die Verklumpung der Blutplättchen 
(Thrombozytenaggregation). Als Arzneistoff 
wird es primär zur Behandlung von pulmonaler 
Hypertonie (Lungenhochdruck) eingesetzt.

Ralinepag ist ein potenter, oral 
einzunehmender und hochselektiver 
Prostacyclin-Rezeptor-Agonist, der zur 
Behandlung der pulmonalen arteriellen 
Hypertonie (PAH) entwickelt wird. Das 
Medikament senkt den Blutdruck in den 
Lungenarterien und wird als Tablette mit 
verlängerter Freisetzung einmal täglich 
eingenommen.

https://flexikon.doccheck.com/de/Prostacyclin
https://flexikon.doccheck.com/de/Prostacyclin


Does 
ralinepag 
protect 
PAH from 
„getting 
worse“?













Das Primäre ZNS-Lymphom (PZNSL) ist laut der 
Onkopedia-Leitlinie ein seltenes, aggressives Non-
Hodgkin-Lymphom (meist ein diffuses großzelliges B-Zell-
Lymphom), das ausschließlich im Zentralnervensystem 
auftritt. Der Therapieansatz bei fitten Patienten ist 
kurativ und basiert auf einer Hochdosis-Methotrexat-
Induktion mit Rituximab sowie einer anschließenden 
Hochdosischemotherapie mit autologer 
Stammzelltransplantation.
• Diagnostik: Bestätigung zwingend mittels 

stereotaktischer Biopsie (Gewebeprobe) vor einer 
Kortisontherapie.

• Therapie: Chemotherapie mit ZNS-gängigen 
Substanzen und Antikörpern; Vermeidung einer 
primären Ganzhirnbestrahlung zur Reduktion von 
Neurotoxizität.

• Rezidive: Behandlung erfolgt individuell mit 
modernen Wirkstoffen oder im Rahmen klinischer 
Studien

https://www.onkopedia.com/de/onkopedia/guidelines/primaeres-lymphom-des-zentralnervensystems-pznsl
https://www.onkopedia.com/de/onkopedia/guidelines/primaeres-lymphom-des-zentralnervensystems-pznsl
https://www.onkopedia.com/de/onkopedia/guidelines/primaeres-lymphom-des-zentralnervensystems-pznsl


MATRix
Rituximab
Cytarabine
Thiotepa
Methotrexate

R-DeVIC
Rituximab
Dexamethazone
Etoposide
Ifosfamide
Carboplatin

HCT-ASCT
High-dose chemotherapy
Autologous stem-cell 
transplantation

Primary CNS lymphoma
PCNSL











Auf Deutsch heißt „community-acquired pneumonia 
in children“ ambulant erworbene Pneumonie im 
Kindesalter (oft abgekürzt als pCAP). Es ist eine 
Lungenentzündung, die ein Kind zu Hause oder im 
Alltag bekommt – und nicht erst im Krankenhaus. 
Die Behandlung richtet sich nach den offiziellen 
Empfehlungen der AWMF Leitlinienregister für 
Deutschland, Österreich und die Schweiz.

• Viren: Sie sind bei Babys und kleinen Kindern oft 
der Auslöser.

• Bakterien: Am häufigsten sind Pneumokokken 
(Streptococcus pneumoniae).

• Atypische Erreger: Zum Beispiel Mycoplasma 
pneumoniae, die oft bei größeren Kindern und 
Schulkindern auftreten. 

(Better not „step down“)

https://register.awmf.org/de/leitlinien/detail/048-013


Oral step-down

Clinical Judegment
Against Guidelines









The Clinical Trial Is Open. The Elderly Need Not Apply. 
- The New York Times

https://www.nytimes.com/2018/04/13/health/elderly-clinical-trials.html
https://www.nytimes.com/2018/04/13/health/elderly-clinical-trials.html
https://www.nytimes.com/2018/04/13/health/elderly-clinical-trials.html










Artificial intelligence is up to the challenge of 
reducing human suffering, experts say. Are we? 



AI applications:
Documentation, Triage, Work-flow, Coding, Scheduling, Billing







Internal combustion engine (ICE) vehicles represent the 
single largest source of carbon dioxide emissions for most 
US households. Although battery electric vehicles (BEVs) 
considerably reduce use-phase emissions, the transition 
poses a fundamental life cycle optimization challenge: Is 
there a net climate benefit to retiring a functional ICE 
vehicle before its end of life? Retiring a functioning ICE 
vehicle incurs a fundamental trade-off between BEV 
manufacturing emissions and decreased vehicle operation 
emissions. In this study, We evaluated this trade off across 
a comprehensive range of retirement scenarios and found 
that scrappage-and-replacement yields consistent 
emissions reductions across most contexts, including the 
retirement of new ICE vehicles. Although scrapping a 
functional asset remains economically prohibitive under 
current market conditions, these results demonstrate a 
major mitigation potential for policy interventions, such as 
enhanced scrappage subsidies, to address the emissions 
of an increasingly durable ICE fleet.



Life cycle emission comparisons between baseline (continued ICE vehicle operation) and 
retirement scenarios. Emissions include use phase (tailpipe and fuel cycle for ICE vehicle; 
electricity generation for BEV) and vehicle phase (manufacturing and mining). (A) Scenario 1: The 
ICE vehicle is operated for its full design life. (B) Scenario 2: The ICE vehicle is scrapped at year 11 
and replaced with a BEV. (C) Scenario 3: The ICE vehicle is scrapped at year 2 and replaced with a 
BEV. (D) Cumulative use and vehicle-phase emissions. The ICE vehicle production emissions are 
sunk costs because they are common to both the baseline and retirement pathways. Values 
reflect a sales-weighted average SUV, US average grid mix, and time-varying annual mileage. 
Comprehensive sensitivity analyses for all parameters are provided in the subsequent figures.



Cumulative emission benefit of retirement relative 
to a comprehensive range of vehicle efficiency, grid 
carbon intensity, and manufacturing emissions. The 
benefit represents the difference between cumulative 
emissions in continuous petroleum-fueled scenarios 
(inclusive of ICE vehicles and HEVs) and retirement 
scenarios occurring at year 1 (normalized by use-phase 
emissions). Emissions include the operational phase 
(tailpipe and refining and upstream for petroleum-
fueled vehicles; power plant and upstream for BEVs) 
and the BEV production phase (manufacturing and 
material acquisition). Parameter ranges incorporate the 
full spectrum of efficiencies (A) reported by the US EPA, 
specifically using high-efficiency hybrid electric vehicle 
(HEV) benchmarks for the minimum consumption 
bound, as well as the range of grid emissions (B) and 
BEV production emissions associated with varying 
battery sizes and manufacturing intensities (C). The 
retirement benefit is independent of ICE vehicle and 
HEV manufacturing, which is mathematically a sunk 
cost. Gray lines indicate US sales-weighted mean 
parameter values.



Sensitivity of the retirement benefit (B) to discrete 
parameter settings. The cumulative emissions benefit over 
the vehicle lifetime when retirement occurs at year 1, 
incorporating all production-and use-phase impacts (truck, 
purple; SUV, pink; car, yellow). (A to C) Efficiency variants: 
Sensitivity is evaluated for production-weighted class 
averages (A), class-leading efficient vehicles (B), and the 
highest-selling vehicles (C). The latter highlights the climate 
impact of current consumer behavior, in which a small 
number of high-volume models dominate the market share. 
(D to G) Vehicle and technology variants: Sensitivities for low 
(D) and high (E) battery production intensities, baseline 
battery capacity (F), and the retirement of plug-in hybrid 
electric vehicles [PHEVs; (G)]. (H to J) Infrastructure variants: 
Impact of regional grid intensities across the range of US 
subgrids (see supplementary materials for more details). All 
results are invariant to production emissions of the 
petroleum-fueled vehicles, which function as mathematically 
sunk costs that cancel out in all comparative calculations. 
Where applicable [(D) to ( J)], open markers indicate the 
retirement of class-leading HEVs, while closed markers 
represent retirement cases for the highest-selling ICE 
vehicles. Error bars represent 95% confidence intervals 
derived from the propagation of error.



Critical displacement thresholds for transportation 
modal shift. If the ICE vehicle is resold rather than 
retired, a decrease in used-vehicle prices may induce a 
modal shift from low-emission transit to personal 
vehicle use. The critical displacement 
factor D represents the threshold at which induced 
emissions from this modal shift completely offset the 
net BEV adoption benefit. (A to C) Grid intensity 
scenarios: Variability in the displacement threshold is 
explored across three grid intensities—110 (A), 347 (B), 
and 699 g CO2 eq kWh–1 (C)—as a function of BEV 
efficiency (x axis) and ICE vehicle/HEV efficiency (y axis). 
These scenarios assume a shift from zero-emissions 
modes (e.g., active transport); sensitivity to higher 
intensity modes (e.g., mass transit) is provided in the 
supplementary materials. In regions where the BEV life 
cycle intensity exceeds that of the ICE vehicle, the 
critical displacement factor is negative (brown shading), 
representing an undefined with respect to the modal 
shift effect. Gray lines denote production-weighted 
averages for the current US fleet.



Discussion
In this study, we found that retirement of a 
functional ICE vehicle for a BEV, even when the ICE 
vehicle is brand new, provides large carbon 
mitigation benefits across a wide range of 
scenarios. Given these results and the outsized 
impact of transportation emissions on the US 
carbon budget, policy-makers could achieve 
substantial GHG mitigation through investments in 
vehicle scrap-and-replace programs. Optimization 
of such policies would require design to account 
for both vehicle efficiency and regional electric grid 
emissions. Moreover, the consistent GHG 
advantage of BEVs demonstrated here suggests 
that further innovation should not only prioritize 
BEV sustainability but also overcoming operational 
challenges, such as charger network reliability and 
equitable access.

Current scrap-and-replace rebates are insufficient 
to make the retirement of newer ICE vehicles 
financially desirable. Nevertheless, we examined 
the full range of scrappage scenarios (including 
new ICE vehicles) to demonstrate the theoretical 
upper-boundary conditions for emissions 
benefits when an ICE vehicle is scrapped with a 
BEV replacement. Newer vehicle scrappage is 
economically prohibitive with existing scrap-and-
replace subsidies, necessitating the use of these 
limited resources for only the least-efficient ICE 
vehicles in the fleet. However, as climate impacts 
accelerate and the ICE vehicle fleet becomes 
more durable, a major shift in policy to support 
vehicle retirement may become necessary. The 
results presented here demonstrate that such a 
policy shift would result in emissions reductions 
across most contexts.



43 year-old woman



Years pass …



Not the Washington Post patient

Hormonal 
responses 
are normal

Heart rate slowly increases over 20 min.
Then it suddenly crashes to 40 bpm. BP 
is stable at 129/80, then crashes to 
60/40. BP fall comes first.





Der Reflexbogen im Detail

• Sensoren: Chemo- und Mechanorezeptoren (sogenannte C-
Faser-Endigungen) vor allem in der inferoposterioren Wand 
des linken Ventrikels. 

• Afferenter Schenkel: Unmyelinisierte Vagusnerv-Fasern (C-
Fasern) leiten das Signal zum Hirnstamm (zum Nucleus 
tractus solitarius in der Medulla oblongata). 

• Zentrale Verarbeitung: Im Gehirn wird die sympathische 
Aktivität drastisch gedrosselt und der Parasympathikus 
(Vagustonus) stark hochgefahren. 

• Efferenter Schenkel:

• Verstärkte Vagus-Aktivität am Herzen → Abfall der 
Herzfrequenz (Bradykardie).

• Hemmung des Sympathikus in der Peripherie → 
Erschlaffung der Blutgefäße (Vasodilatation) und 
Blutdruckabfall (Hypotonie)

Bezold-Jarisch-Reflex ist ein kardiovaskulärer Schutz- und Schonreflex des Herzens. Er führt zu einer 
klassischen Trias aus Bradykardie (verlangsamter Herzschlag), Hypotonie (blutdruckabfall) und 
Vasodilatation (weitere Gefäße), um den Sauerstoffbedarf des Herzmuskels in Notlagen zu senken.

https://flexikon.doccheck.com/de/Bezold-Jarisch-Reflex
https://flexikon.doccheck.com/de/Bezold-Jarisch-Reflex
https://flexikon.doccheck.com/de/Bezold-Jarisch-Reflex
https://flexikon.doccheck.com/de/Bezold-Jarisch-Reflex
https://flexikon.doccheck.com/de/Bezold-Jarisch-Reflex




Blood pressure 
drop comes first

Schroeder et al. PLoS one 2011 

173 Patients

HUT = head-up tilt


