
Als gemeinsame Einrichtung von MDC und Charité fördert das Experimental and Clinical Research Center 
die Zusammenarbeit zwischen Grundlagenwissenschaftlern und klinischen Forschern. Hier werden neue 
Ansätze für Diagnose, Prävention und Therapie von Herz-Kreislauf- und Stoffwechselerkrankungen, Krebs 
sowie neurologischen Erkrankungen entwickelt und zeitnah am Patienten eingesetzt. Sie sind eingeladen, 
uns beizutreten. Bewerben Sie sich!

https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-
journal-club

https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club


An otherwise healthy 30-year-old man 
presented to clinic for a 2-year history of skin 
lesions on his right foot. He worked as an 
agricultural laborer and had sustained injuries 
to his feet over the years, including a puncture 
lesion in between the fourth and fiBh toes of 
his right foot. What is the most likely 
diagnosis?

Chromoblastomycosis

Cutaneous tuberculosis

Mycetoma

Mycobacterium ulcerans

Tetanus

Polymerase-chain-reaction of skin tissue identified Nocardia 
brasiliensis. A diagnosis of mycetoma — also known as Madura 
foot — was made. Mycetoma is a chronic infection of the skin 
that may be caused by bacteria (actinomycetoma) or fungi 
(eumycetoma) and commonly occurs in persons residing in 
tropical and subtropical climates who are frequently exposed 
to soil. Imaging of the foot showed concurrent osteomyelitis 
and septic arthritis. Surgical debridement was performed and 
the patient received a 6-month course of trimethoprim–
sulfamethoxazole.



Ein Myzetom (auch Mycetoma oder „Madura-Fuß“) ist eine 
chronische, langsam fortschreitende InfekYonskrankheit des 
Unterhautgewebes. Sie wird durch den Kontakt mit Dornen 
oder kleinen Hautverletzungen übertragen, über die Erreger 
aus dem Boden in den Körper gelangen.

Die zwei Haup0ormen

Je nach Erreger unterscheidet man zwei Typen, die völlig 
unterschiedliche Behandlungen erfordern:

•Eumyzetom: Verursacht durch Pilze. Diese Form ist oB 
schwerer zu therapieren und erfordert oB eine AmputaYon.

•Ak9nomyzetom: Verursacht durch Bakterien. Diese Form 
spricht meist gut auf AnYbioYka an.



Eine intrazerebrale Blutung (ICH) ist eine Form des 
Schlaganfalls, bei der ein Blutgefäß im Inneren des 
Gehirngewebes platzt und Blut austri>. Dies führt zu 
einer Schädigung des Gehirns durch direkten Kontakt 
mit Blut sowie durch den steigenden Druck im Schädel 
(intrakranieller Druck).

Symptome & Warnzeichen
Suchen Sie bei folgenden 
Anzeichen sofort medizinische Hilfe auf (Notruf 112):
•Plötzliche Schwäche oder Taubheitsgefühl (oN 
einseiOg) in Gesicht, Arm oder Bein.
•Extreme Kopfschmerzen, die schlagarOg auNreten.
•Verwirrung oder Bewusstseinstrübung bis hin zum 
Koma.
•Übelkeit und plötzliches Erbrechen.
•Schwierigkeiten beim Sprechen oder Verstehen von 
Sprache.
•Sehstörungen oder Krampfanfälle.

Hypertension-related intracerebral 
hemorrhage, more common in Asia



Blood-pressure reduction is the only proven treatment to 
prevent stroke. Whether a single pill that combines three 
antihypertensive drugs at low doses, in addition to standard 
antihypertensive treatment, can lower blood pressure more 
than standard care alone and reduce the risk of recurrent 
stroke after intracerebral hemorrhage is uncertain. We 
conducted a multinational, double-blind, randomized, placebo-
controlled trial involving patients with a history of intracerebral 
hemorrhage. Patients were eligible for the trial if they had a 
systolic blood pressure of 130 to 160 mm Hg at baseline and 
were in clinically stable condition. After a 2-week active run-in 
phase during which all the patients received a once-daily pill 
containing three antihypertensive agents at low doses 
(telmisartan at 20 mg, amlodipine at 2.5 mg, and indapamide 
at 1.25 mg; the triple pill), the patients were randomly assigned 
to continue receiving the triple pill or to receive matching 
placebo. The primary outcome was the first recurrent stroke. 
Secondary outcomes included blood-pressure control, major 
cardiovascular events, death from cardiovascular causes, and 
safety.



Spontaneous intracerebral hemorrhage is a serious form of stroke with limited therapeutic 
options. The only proven treatment to prevent first and recurrent intracerebral 
hemorrhage is effective blood-pressure reduction. However, the benefits of intensive 
blood-pressure lowering and the preferred approach to treatment are uncertain.
Although most survivors of stroke are discharged from the hospital with a prescription for 
medications to lower blood pressure, long-term blood-pressure control is generally 
inadequate owing to poor adherence to treatment, uncertainty surrounding the degree of 
benefit, varying guideline recommendations, insufficient intensification of treatment 
when blood pressure remains elevated, and therapeutic inertia. Combination 
antihypertensive therapy delivered in a single pill holds considerable promise as a strategy 
to improve blood-pressure control. We undertook the Triple Therapy Prevention of 
Recurrent Intracerebral Disease Events Trial (TRIDENT) to evaluate the efficacy and safety 
of a single pill containing three antihypertensive drugs at low doses (telmisartan at 20 mg, 
amlodipine at 2.5 mg, and indapamide at 1.25 mg; hereafter referred to as the triple pill), 
in addition to standard care, in patients with a history of intracerebral hemorrhage.



Eligibility
Adult patients (≥18 years of age) with a history of spontaneous (nontraumatic) 
intracerebral hemorrhage were recruited from academic hospitals, either from inpatient 
wards or outpatient clinics. Patients were eligible for inclusion if they were in clinically 
stable condition, had a systolic blood pressure of 130 to 160 mm Hg while seated and at 
rest (with the use of any blood-pressure–lowering therapy as appropriate), and had no 
contraindication to any individual component of the triple pill used in the trial.
Randomization and Procedures
After the run-in period, eligible patients who had provided consent underwent centralized 
randomization in a 1:1 ratio, with stratification according to country, age, and systolic 
blood pressure at baseline, to receive the triple pill or matching placebo. 
Outcomes
The primary outcome was the first recurrent stroke, assessed in a time-to-event analysis. 
The key secondary outcomes were blood-pressure control (defined as a systolic blood 
pressure of <130 mm Hg) at 6 months after randomization, a composite of major 
cardiovascular events (nonfatal myocardial infarction, nonfatal stroke, or death from 
cardiovascular causes, whichever occurred first), and death from cardiovascular causes.



Pa9ents Efficacy Outcomes and Safety.











Zurück zu COVID 19



Virale Proteasen sind spezialisierte Enzyme, 
die von Viren kodiert werden, um lange 
Proteinke>en (Polyproteine) in funkOonelle 
Einheiten zu zerschneiden. Ohne diesen Schri> 
können Viren nicht reifen und keine neuen 
infekOösen ParOkel bilden.

Hauptaufgaben im viralen Lebenszyklus
•Reifung: Sie spalten inakOve 
Vorläuferproteine in kleinere, akOve Proteine, 
die für den AuXau neuer Viren nöOg sind.
•Zusammenbau: Erst durch das präzise 
Schneiden können sich die Bausteine des Virus 
korrekt anordnen.
•WirtsmanipulaLon: Einige Proteasen greifen 
gezielt Proteine der Wirtszelle an, um deren 
Abwehr zu schwächen oder den Zelltod 
einzuleiten.

Inhibiting viral assembly



Nirmatrelvir ist ein antiviraler Wirkstoff, der speziell zur Behandlung 
von COVID-19 entwickelt wurde. Er wird fast ausschließlich in Kombination 
mit dem Wirkstoff Ritonavir unter dem Markennamen Paxlovid eingesetzt.
Wirkungsweise
Nirmatrelvir gehört zur Gruppe der Proteaseinhibitoren:

Anwendung und Zielgruppe
Das Medikament ist für Personen gedacht, die ein erhöhtes Risiko für 
einen schweren Krankheitsverlauf haben:
•Indika9on: Behandlung von Erwachsenen (und Kindern ab 6 Jahren mit 
mind. 20 kg Gewicht) mit COVID-19, die keinen zusätzlichen Sauerstoff 
benöYgen.
•Zei0enster: Die Einnahme muss so früh wie möglich erfolgen, 
idealerweise innerhalb von 5 Tagen nach AuBreten der ersten Symptome.
•Dosierung: Üblicherweise werden über 5 Tage hinweg alle 12 Stunden 
zwei Tablenen Nirmatrelvir und eine Tablene Ritonavir eingenommen.
Wich9ge Hinweise
⚠Wechselwirkungen: Da Ritonavir den Abbau vieler anderer 
Medikamente beeinflusst, kann es zu gefährlichen Wechselwirkungen 
kommen. Eine genaue Prüfung der bestehenden MedikaYon durch einen 
Arzt ist zwingend erforderlich.

Metabolized by CYP3A4 that also 
metabolizes many other drugs



Nirmatrelvir–ritonavir has been shown to reduce 
progression to severe illness from severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
unvaccinated high-risk outpaYents. The effecYveness 
of nirmatrelvir–ritonavir in persons who have been 
vaccinated, infected naturally, or both is unclear. In 
two open-label plarorm trials (PANORAMIC in the 
United Kingdom and CanTreatCOVID in Canada), we 
enrolled higher-risk adults (≥50 years of age or ≥18 
years of age with coexisYng condiYons) in the 
community who tested posiYve for SARS-CoV-2 and 
had been unwell for 5 days or less. The parYcipants 
were randomly assigned to receive usual care plus 
nirmatrelvir (300 mg)–ritonavir (100 mg) twice a day 
for 5 days or to receive usual care alone. The 
primary outcome was hospitalizaYon or death from 
any cause within 28 days aBer randomizaYon.

Does nirmatrelvir keep „not-so-sick“ 
Covid patients out of the hospital?



In the EPIC-HR (EvaluaXon of Protease InhibiXon for Covid-19 in High-Risk 
PaXents) trial, nirmatrelvir–ritonavir was shown to reduce the incidence of 
hospitalizaXon related to coronavirus disease 2019 (Covid-19) or death from any 
cause through 28 days among high-risk unvaccinated paXents, a finding that led 
to a recommendaXon of this treatment as first-line therapy for outpaXents with 
Covid-19 at the highest risk for progression to severe disease, despite a large 
number of drug–drug interacXons. 

In the Xme since the EPIC-HR and EPIC-SR trials were conducted, many more 
people have been vaccinated mulXple Xmes, have been infected naturally, or 
both, so whether nirmatrelvir–ritonavir sXll benefits those at high risk is unclear. 
The PANORAMIC trial, conducted in the United Kingdom, and the CanTreatCOVID 
trial, conducted in Canada, assessed the effecXveness of nirmatrelvir–ritonavir in 
reducing the incidence of hospital admissions or death among mostly vaccinated 
adults in the community who had risk factors for serious Covid-19.



Eligible parXcipants were higher-risk adults (≥50 years of age or ≥18 years of age with 
relevant coexisXng condiXons) in the community who had had symptoms of SARS-CoV-2 
infecXon for 5 days or less and had a posiXve polymerase-chain-reacXon (PCR) or rapid 
anXgen SARS-CoV-2 test. PotenXal parXcipants were excluded if they were pregnant or 
breast-feeding, were of childbearing potenXal and unwilling to use effecXve nonhormonal 
contracepXon, were already taking nirmatrelvir–ritonavir, or had contraindicaXons to 
nirmatrelvir–ritonavir, including taking a medicaXon with important drug–drug interacXons 
or one requiring adjustment according to creaXnine clearance or glomerular filtraXon rate. 
Procedures
In both trials, parXcipants in the nirmatrelvir–ritonavir group were asked to take nirmatrelvir 
at a dose of 300 mg (two 150-mg tablets) along with ritonavir at a dose of 100 mg (one 
tablet) orally twice daily for 5 days. All the parXcipants received a trial informaXon booklet. 
Packages containing nirmatrelvir–ritonavir (along with dosing and safety informaXon) were 
sent by courier to parXcipants’ homes, along with a pregnancy test, if relevant.
Outcome Measures
The primary outcome was nonelecXve hospital admission for any cause or death from any 
cause within 28 days acer randomizaXon. 





Outcomes Trial #1
Outcomes Trial #2





Gonadotropin-Releasing-Hormon-Agonisten (GnRH-
Agonisten) sind syntheOsche Medikamente, die das 
natürliche GnRH-Hormon nachahmen. Sie werden 
primär eingesetzt, um die ProdukOon von 
Geschlechtshormonen (Östrogen und Testosteron) 
massiv zu senken.
Wirkungsweise
Der Effekt ist zeitabhängig und verläuN in zwei Phasen:
•Flare-Up-Phase (IniLal): Kurz nach der Gabe steigen 
LH, FSH und die Geschlechtshormone vorübergehend 
stark an.
•Down-RegulaLon (DauerhaT): Bei konOnuierlicher 
Gabe führen sie nach ca. 10–14 Tagen zu einer 
Erschöpfung (DownregulaOon) der Rezeptoren in der 
Hirnanhangdrüse.
•Hormonsuppression: Die HormonprodukOon sinkt auf 
ein extrem niedriges Niveau („medikamentöse 
KastraOon“ beim Mann, „Pseudomenopause“ bei der 
Frau).

PROTACs (Proteolysis Targeting Chimeras) or Selective 
Androgen Receptor Degraders (SARDs) not tested here.



In men, estrogen patches act as a potent method 
of androgen suppression, effecOvely lowering 
testosterone levels to "castrate" ranges. This 
mechanism is primarily uOlized in the treatment of 
advanced prostate cancer as a safer alternaOve to 
tradiOonal injecOons.
Mechanism of AcLon
The release of estrogen (specifically estradiol) via 
patches affects the brain's hormonal control 
center:
•Brain Feedback: Estradiol signals the brain that 
there is a sufficient amount of sex hormone 
present.
•LH Suppression: The brain responds by reducing 
the instrucOons (Luteinizing Hormone or LH) sent 
to the testes to produce testosterone.
•Testosterone Drop: This results in a drop in 
testosterone levels just as effecOve as chemical 
castraOon through injecOons.



Transdermal estradiol (tE2) is an alternative to 
luteinizing hormone–releasing hormone (LHRH) 
agonists as androgen-deprivation therapy in 
patients with prostate cancer. With tE2, 
testosterone is suppressed, and the side effects 
of estrogen depletion due to LHRH agonists and 
the thromboembolic side effects of oral estrogen 
are mitigated. In this phase 3, noninferiority, 
randomized trial, we assigned men with locally 
advanced (M0 and N0 or N+) prostate cancer to 
receive tE2 patches (100 μg of estradiol every 24 
hours) or LHRH agonists. The primary outcome 
was 3-year metastasis-free survival. The 
noninferiority margin was 4 percentage points; 
this corresponded to a target hazard ratio of 
1.31, as derived from the observed 3-year 
metastasis-free survival in the LHRH agonist 
group. Secondary outcomes included castrate 
levels of testosterone (<1.7 nmol per liter), 
overall survival, and safety.



Prostate cancer is the most common cancer worldwide among men. Reducing serum 
testosterone levels to less than 1.7 nmol per liter (<50 ng per deciliter), ocen referred to as 
castrate levels of testosterone, is the backbone of therapy for locally advanced nonmetastaXc 
(metastasis stage M0) and metastaXc (stage M1) disease. This reducXon is most commonly 
achieved with luteinizing hormone–releasing hormone (LHRH) agonists, which also reduce 
serum estradiol levels given that approximately 80% of estrogens in men are derived from the 
aromaXzaXon of testosterone. LHRH agonists have several toxic effects, including erecXle 
dysfuncXon and loss of muscle mass due to decreased testosterone levels and loss of bone 
mineral density (which increases the risk of osteoporosis and fracture), adverse metabolic 
changes (increased levels of serum lipids and glucose and increased blood pressure), and hot 
flashes due to decreased estradiol levels.
The administraXon of exogenous estrogen is an alternaXve approach to treatment that lowers 
testosterone levels by means of a negaXve feedback loop involving the hypothalamus and 
pituitary gland but miXgates the effects of estrogen depleXon.
We conducted a phase 2–3 adapXve trial to assess the safety and efficacy of transdermal 
estradiol (tE2) patches in paXents with prostate cancer who were recruited through the PATCH 
(Prostate Adenocarcinoma Transcutaneous Hormones) or STAMPEDE-1 (Systemic Therapy in 
Advancing or MetastaXc Prostate Cancer: EvaluaXon of Drug Efficacy) trial networks.



Pa8ents
PaXents with histologically confirmed, localized adenocarcinoma of the prostate who were 
scheduled to start androgen-deprivaXon therapy and had a World Health OrganizaXon (WHO) 
performance-status score of 2 or lower (range, 0 to 5, with higher scores reflecXng greater 
disability) were eligible for the trial. 
Trial Procedures
PaXents were randomly assigned to receive tE2 patches or LHRH agonists according to local 
pracXce without blinding. RandomizaXon was conducted with a computer-based minimizaXon 
algorithm with a random element of 20%. 
LHRH agonists were injected subcutaneously every 4 or 12 weeks; treatment with bicalutamide 
or flutamide for up to 8 weeks was permijed to prevent a temporary increase in the PSA level or 
symptoms. The tE2 patches (Progynova or FemSeven), which released 100 μg of estradiol per 24 
hours, were applied by the paXent.
Outcomes
The primary outcome was 3-year metastasis-free survival, with survival calculated as the Xme 
from randomizaXon to confirmaXon of metastasis (excluding pelvic lymph node progression) or 
death from any cause. Metastasis-free survival is a recognized surrogate for overall survival. 
Secondary outcomes included castrate levels of testosterone, overall survival, and safety.



Adversity









Intubation of the critically ill



Etomidat ist ein ultrakurzwirksames Hypno9kum, das primär 
zur Einleitung einer Allgemeinanästhesie (Narkose) eingesetzt 
wird. Es zeichnet sich durch eine besonders 
hohe kardiovaskuläre Stabilität aus, weshalb es häufig bei 
PaYenten mit Herz-Kreislauf-Erkrankungen oder instabilem 
Blutdruck bevorzugt wird.

Wichtigste Merkmale
•Wirkung: Wirkt rein hypnotisch (schlaferzwingend), 
besitzt aber keine schmerzlindernde (analgetische) 
Wirkung.
•Wirkungseintritt: Extrem schnell, meist innerhalb von 30 
bis 60 Sekunden nach der Injektion.
•Wirkdauer: Kurz, etwa 5 bis 15 Minuten pro Einzeldosis.
•Dosierung: In der Regel 0,15 bis 0,3 mg pro 
kg Körpergewicht.

Pharmakologie & Anwendung
Etomidat verstärkt die Wirkung des hemmenden 
Neurotransminers GABA im Gehirn. Aufgrund seiner 
chemischen Struktur (Imidazolderivat) ist es nicht mit 
Barbituraten verwandt

Dieses Narkosemittel blockiert gezielt das 
Enzym 11B-Hydroxylase in der Nebennierenrinde. 
Dieses Enzym ist essenziell, um Vorstufen in aktives 
Cortisol umzuwandeln



Ketamin ist ein vielseiOger Wirkstoff, der primär 
als AnästheLkum (Narkosemi>el) 
und SchmerzmiXel in der Human- und Tiermedizin 
eingesetzt wird. In den letzten Jahren hat es zudem als 
schnell wirksames Mi>el gegen behandlungsresistente 
Depressionen stark an Bedeutung gewonnen.
Medizinische Anwendung
•Anästhesie: Es erzeugt eine „dissoziaOve Anästhesie“, 
bei der PaOenten von ihrer Umwelt entkoppelt wirken, 
während Schutzreflexe (wie Schlucken) und die 
Eigenatmung meist erhalten bleiben.
•NoZallmedizin: Aufgrund seiner 
kreislaufakOvierenden Wirkung (AnsOeg von Blutdruck 
und Herzfrequenz) ist es besonders bei 
SchockpaOenten wertvoll.
•Psychiatrie: Das EnanOomer Esketamin ist als 
Nasenspray für PaOenten zugelassen, bei denen 
herkömmliche AnOdepressiva nicht wirken.

Ketamine works primarily by targeYng the 
brain's glutamatergic system, specifically by 
blocking NMDA (N-methyl-D-aspartate) 
receptors.



For critically ill adults undergoing tracheal 
intubation, observational studies suggest that the 
use of etomidate to induce anesthesia may 
increase the risk of death. Whether the use of 
ketamine rather than etomidate decreases the 
risk of death is uncertain. In a randomized trial 
conducted in 14 emergency departments and 
intensive care units in the United States, we 
randomly assigned critically ill adults who were 
undergoing tracheal intubation to receive 
ketamine or etomidate for the induction of 
anesthesia. The primary outcome was in-hospital 
death from any cause by day 28. The secondary 
outcome was cardiovascular collapse during 
intubation, defined by the occurrence of a systolic 
blood pressure below 65 mm Hg, receipt of a new 
or increased dose of vasopressors, or cardiac 
arrest.



Etomidate is the medication most often used to induce anesthesia during emergency 
tracheal intubation in the United States. This imidazole-derived sedative–hypnotic agent, 
which acts on γ-aminobutyric acid receptors, has been described as an ideal induction 
medication for critically ill adults because of its rapid onset and limited effect on blood 
pressure and heart rate. However, etomidate inhibits 11β-hydroxylase in the adrenal 
glands, and a single dose decreases cortisol production for up to 72 hours. Concern that 
etomidate-induced corticosteroid insufficiency may cause organ dysfunction and death, 
particularly in patients with sepsis, has led regulators to remove etomidate from the 
market in multiple countries.
Ketamine, a dissociative agent that acts on N-methyl-d-aspartate receptors and does not 
impair cortisol production, is an increasingly used alternative to etomidate for induction 
of anesthesia in critically ill patients. Because its administration increases plasma 
catecholamine concentrations, ketamine has been postulated to maintain hemodynamic 
stability during intubation better than other induction medications. However, ketamine is 
also a negative inotrope and vasodilator, and observational studies have shown an 
association between the receipt of ketamine and hypotension, arrhythmia, and cardiac 
arrest during intubation.



Methods
Trial Design and Oversight
The PragmaOc CriOcal Care Research Group conducted this pragmaOc, mulOcenter, unblinded, 
randomized, parallel-group trial in which the use of ketamine was compared with the use of etomidate for 
inducOon of anesthesia during emergency tracheal intubaOon of criOcally ill adults. 
RandomizaLon
PaOents were randomly assigned in a 1:1 raOo to receive ketamine or etomidate for the inducOon of 
anesthesia during tracheal intubaOon. RandomizaOon was performed with the use of permuted blocks of 
variable size and was straOfied according to trial site. 
IntervenLons
For paOents assigned to the ketamine group, clinicians were instructed to administer ketamine 
intravenously to induce anesthesia for tracheal intubaOon. A nomogram provided a list of doses of 
ketamine (in milligrams) that was based on paOent weight, which corresponded to a full dose (2.0 mg per 
kilogram of body weight), an intermediate dose (1.5 mg per kilogram), or a reduced dose (1.0 mg per 
kilogram).
Outcomes
The primary outcome was in-hospital death by day 28, with outcome ascertainment ending at hospital 
discharge. The single prespecified secondary outcome was cardiovascular collapse during intubaOon, 
which was defined by the occurrence of any of the following events during the interval between inducOon 
of anesthesia and 2 minutes aNer tracheal intubaOon.



Intubation

Pa9ents



Outcomes







Summary
Spinal epidural abscess is an infecXon in the epidural space. PaXents typically 
present with localized back or neck pain (or both) that is accompanied by fever or 
neurologic symptoms. MagneXc resonance imaging with contrast enhancement is 
the diagnosXc test of choice. An accurate microbiologic diagnosis is important and 
can be made with blood cultures, with Xssue and fluid cultures obtained by image-
guided needle aspiraXon or biopsy, or at the Xme of surgery. Staphylococcus 
aureus is the most frequent pathogen, causing more than 50% of infecXons. All 
paXents with spinal epidural abscess should be promptly evaluated by a spine 
surgeon and an infecXous-disease specialist. Many paXents with spinal epidural 
abscess undergo surgery, although anXmicrobial therapy alone may be curaXve in 
carefully selected paXents.





Spinal Epidural Abscess and Con3guous Infec3on of Nearby Structures.
A cross-sec)onal image of the vertebral structures and surrounding musculature 
at the level of L3–L4 shows spinal epidural abscesses that are con)guous with 
vertebral or extravertebral structures (Panel A). In green, a facet joint infec)on is 
con)guous with a dorsolateral epidural abscess. In red, spondylodisci)s is 
con)guous with a ventral epidural abscess. In purple, an extravertebral psoas 
abscess is con)guous with a foraminal and extraforaminal epidural abscess. A 56-
year-old man presented with a 2-week history of thoracic back pain and a 5-day 
history of progressive weakness and numbness of the legs and feet. MRI (Panel B, 
axial T2-weighted; Panel C, axial T1-weighted postcontrast with fat satura)on at 
the level of T6–T7; Panel D, sagiSal T1-weighted postcontrast with fat satura)on) 
shows enhancement of the T6–T7 vertebral bodies (black arrows) and T6–T7 
interspace indica)ng disci)s osteomyeli)s. Flagrant enhancing ventral paraspinal 
abscess (white arrow) displaces the great vessels anteriorly, and right lateral 
ventrolateral epidural abscess (short white arrows) causes advanced spinal canal 
stenosis and deformity of the cord. Enhancing ventral and dorsal (short black 
arrows) epidural phlgemon extends from T5 to T9. The pa)ent underwent 
emergency epidural abscess evacua)on by means of a laminectomy, right 
facetectomy, and pediculectomy to facilitate transpedicular decompression of the 
ventral abscess using a posterior approach. Discectomy and par)al resec)on of 
the vertebral body were performed, followed by posterior fusion using allograW 
and segmental instrumenta)on from T5 to T9. Purulent fluid removed from the 
ventral epidural space during surgery grew Escherichia coli and Bacteroides 
fragilis. A posterior surgical approach was used in performance of a laminectomy, 
right pediculectomy, par)al resec)on of the vertebral body for decompression, 
and evacua)on of an epidural abscess in the thoracic spine (Panel E).



Clinical Factors Associated with Contiguous Spinal Epidural 
Abscess and Infection after Spinal Surgery.*

Pathogens Associated with Spinal Epidural Abscess.

https://www.nejm.org/doi/full/10.1056/NEJMra2412728


Outcomes
There is no standard structure for reporOng treatment 
outcomes in spinal epidural abscess. Approximately 3 to 
6% of paOents with the disease die during 
hospitalizaOon, and 6 to 13% die within 90 days aNer 
hospitalizaOon. Although some recent data suggest 
lower mortality with surgery than with nonoperaOve 
management, there are conflicOng data from other high-
quality studies with regard to this finding. Among the 
paOents who survive, most are cured, and recurrence is 
uncommon. Neurologic outcomes are most accurately 
predicted by the paOent’s neurologic status at the Ome 
of surgery or iniOaOon of therapy. One meta-analysis 
showed a good neurologic outcome in 86% of paOents 
with early surgical intervenOon as compared with 69% 
with nonoperaOve treatment. However, these data may 
not fully reflect the experience of paOents selected for 
nonoperaOve treatment, which highlights the 
importance of individualized treatment decisions.



Conclusions and Future Directions
Considerable challenges remain with regard to the understanding, diagnosis, and 
management of spinal epidural abscess. Close cooperation between the medical team, 
infectious-disease specialist, and the surgeon are essential to achieving the best possible 
outcome. Future studies should focus on the evaluation and refinement of published 
diagnostic algorithms to hasten diagnosis. The explosion of knowledge about the disease 
and the availability of advanced statistical models have the potential to improve the 
identification of patients who can be successfully treated nonoperatively. Therapeutic 
image-guided aspiration may be a valuable adjunct to nonoperative management, but this 
technically challenging procedure deserves further investigation before routine 
implementation. Finally, establishment of standardized classification, outcome definitions, 
and reporting would better allow the study of this uncommon but important illness in a 
systematic manner, providing clear answers with regard to the appropriate management 
approach.





An 86-year-old woman presented to the emergency department of this hospital because 
of anorexia, weight loss, and weakness.
The paOent had been in her usual state of health unOl 3 weeks before the current 
presentaOon, when anorexia developed with minimal oral intake. The paOent noOced 
generalized weakness, and she had difficulty gexng out of bed and performing acOviOes 
of daily living. Owing to progressively worsening symptoms, she was brought by a friend to 
the emergency department of this hospital.
On examinaOon in the emergency department, the heart rate was 85 beats per minute, 
the oral temperature 35.9°C, the blood pressure 113/56 mm Hg, the respiratory rate 16 
breaths per minute, and the oxygen saturaOon 97% while the paOent was breathing 
ambient air. Physical examinaOon revealed mild conjuncOval icterus, fine basilar crackles in 
the lungs, and tenderness on deep palpaOon of the right upper quadrant without rebound 
or guarding. No organomegaly or adenopathy was detected.



Computed tomography (CT) of the abdomen and pelvis, 
performed after the administration of intravenous 
contrast material, revealed choledocholithiasis, 
thickening of the bile duct walls, and mild intrahepatic 
and extrahepatic ductal dilatation. In addition, four 
indeterminate hypodense hepatic lesions were identified 
in the left and right lobes of the liver. One lesion in liver 
segment 4 measured 4.5 cm in the greatest dimension.
A review of systems was notable for anorexia and a 
weight loss of 7 kg during the previous 3 weeks. The 
patient reported no fever, rigors, night sweats, abdominal 
pain, nausea, pruritus, darkening of the urine, 
hematochezia, melena, acholic stools, or postprandial 
abdominal discomfort. Her medical history was notable 
for hyperlipidemia, type 2 diabetes mellitus, long-
standing nonprogressive fibrotic lung disease, mild 
cognitive impairment, and localized estrogen receptor–
positive ductal carcinoma that had been treated with 
mastectomy and tamoxifen therapy 30 years earlier. 

Ductal dilata?on



MedicaOons included me|ormin, donepezil, and 
rosuvastaOn. She had no known adverse reacOons 
to medicaOons. She was originally from East Asia 
but had lived in urban Massachuse>s for decades, 
with no recent internaOonal travel. She was 
widowed, lived with a friend, and had a pet cat. Her 
family history was notable for gallstones in her 
mother.
Laboratory test results were notable for a 
potassium level of 3.0 mmol per liter (reference 
range, 3.4 to 5.0), an alkaline phosphatase level of 
418 U per liter (reference range, 45 to 115), and a 
total bilirubin level of 2.2 mg per deciliter (38 μmol 
per liter; reference range, 0.0 to 1.0 mg per deciliter 
[0 to 17 μmol per liter]). The blood levels of 
carcinoembryonic anOgen, CA 19-9, and CA 15-3 
were within normal limits. Blood specimens were 
obtained for culture, and no growth was observed; 
addiOonal laboratory test results are shown. 

No inflammatory markers?



Magnetic resonance imaging (MRI) of the abdomen and magnetic 
resonance cholangiopancreatography (MRCP) were performed on 
hospital day 1. MRCP confirmed the presence of choledocholithiasis 
and showed biliary ductal dilatation with wall thickening and 
hyperenhancement. The four hepatic lesions previously identified in 
segments 2, 4, 7, and 8 showed heterogeneous signal intensity on 
T2-weighted images, irregular enhancement, and restricted 
diffusion.

A diagnostic test was performed.

Naming the Clinical Syndrome
The final component of the problem representation is to name 
the clinical syndrome. In addition to the multifocal liver lesions, 
the patient’s clinical course is also characterized by wasting, 
with a 7-kg weight loss, and cholestatic liver injury, each of 
which suggests an inflammatory process leading to liver injury 
and tissue catabolism.



DiagnosLc Studies and Discussion of Management
Given the detecOon of choledocholithiasis on MRCP, 
endoscopic retrograde cholangiopancreatography 
(ERCP) was planned. In addiOon, the presence of 
mulOple liver masses on imaging was suggesOve of 
metastases and warranted further evaluaOon with 
endoscopic ultrasonography and guided fine-needle 
biopsy for pathological confirmaOon.
An iniOal upper endoscopy was performed. ANer no 
abnormal findings were noted in the esophagus, 
stomach, or duodenum, the therapeuOc linear 
echoendoscope was advanced to the stomach. 
From the gastric cardia, a round mass was idenOfied 
in the leN lobe of the liver. The mass was lobulated, 
appeared mulOcysOc, and measured 30 mm in the 
maximal cross-secOonal diameter. Fine-needle 
biopsy of the mass was performed with the use of a 
22-gauge core-biopsy needle.



Next, ERCP was performed. After cannulation of the bile 
duct, endoscopic ultrasound images showed a 
heterogeneous, well-circumscribed mass in the left lobe of 
the liver and a moderately dilated common bile duct with 
numerous filling defects that were consistent with 
gallstones. A complete biliary sphincterotomy was 
performed. Extensive sludge and stone fragments were 
removed with the use of an extraction balloon.

Pathological Discussion
A core-biopsy specimen of the liver mass was submitted 
for pathological evaluation. The specimen contained an 
abscess characterized by necrotic tissue and a mixed 
inflammatory infiltrate. Hematoxylin and eosin staining 
revealed areas of necrosis with an infiltrate composed of 
neutrophils, lymphocytes, and macrophages that was 
consistent with acute inflammation. These findings 
strongly suggested an infection, although the specific 
causative microorganism remained undetermined.



AddiLonal Pathological Discussion
The aspirate obtained from the liver was cultured on both blood agar and MacConkey agar. Blood agar 
provides a rich medium that supports the growth of a broad range of microorganisms, including 
common gram-posiOve and gram-negaOve organisms. In contrast, MacConkey agar is selecOve for gram-
negaOve bacteria, parOcularly enteric organisms. The use of both media enhances the likelihood of 
detecOng the spectrum of possible pathogens.
Bacterial growth was observed on a biplate of blood agar and MacConkey agar, a finding that suggested 
the presence of a mixed microbial populaOon. Matrix-assisted laser desorpOon ionizaOon–Ome-of-flight 
(MALDI-TOF) mass spectrometry was subsequently used for precise microbial idenOficaOon; this 
technique enabled the accurate detecOon of E. coli as the causaOve organism. The idenOficaOon of E. 
coli in this case suggested either a gastrointesOnal or hepatobiliary source of infecOon or hematogenous 
or portal venous spread from distant viscera, since this bacterium is a common pathogen in 
intraabdominal infecOons.
Pathological Diagnosis
Pyogenic liver abscess due to Escherichia coli infecOon.
Follow-up
Acer the diagnosXc procedure, the paXent iniXally received treatment with piperacillin–
tazobactam, which was later changed to cecriaxone and metronidazole on the basis of results 
of anXmicrobial suscepXbility tesXng.



Unkomplizierte Harnwegsinfektionen (HWI), 
insbesondere die akute, unkomplizierte 
Zystitis (Blasenentzündung), sind sehr häufige 
bakterielle Infektionen, die vor allem Frauen im 
geschlechtsreifen Alter betreffen. Als „unkompliziert“ 
gilt eine Blasenentzündung, wenn sie bei einer nicht 
schwangeren Frau ohne relevante anatomische oder 
funktionelle Anomalien des Harntrakts sowie ohne 
Begleiterkrankungen auftritt.
Symptome:
•Brennen oder Schmerzen beim Wasserlassen 
(Dysurie).
•Häufiger Harndrang (Pollakisurie) mit Entleerung 
kleiner Mengen.
•Schmerzen oberhalb des Schambeins.
•Trüber oder stark riechender Urin, manchmal 
Blutbeimengung.
•Fehlen von Fieber oder Flankenschmerzen.



Nitrofurantoin ist ein AnLbioLkum, das fast 
ausschließlich zur Behandlung und Vorbeugung von 
unkomplizierten HarnwegsinfekLonen (z. B. 
Blasenentzündungen) eingesetzt wird. Es gehört zur 
Gruppe der Nitrofurane und zeichnet sich dadurch 
aus, dass es im Blut schnell abgebaut wird, sich aber in 
hohen KonzentraOonen im Urin ansammelt.
WichLge Fakten zur Anwendung
•Wirkungsweise: Es tötet Bakterien ab (bakterizid), 
indem es deren Stoffwechsel und Erbgut schädigt.
•Einnahme: In der Regel mit oder nach den 
Mahlzeiten einnehmen, um die Aufnahme zu 
verbessern und Magenbeschwerden zu lindern.
•Dauer: Bei akuten InfekOonen meist 5 bis 7 Tage.
•Besonderheit: Der Urin kann sich dunkelgelb oder 
bräunlich verfärben. Das ist harmlos und kein Grund 
zur Sorge. Nitrofurantoin is not derived from a microorganism. 

It is a fully synthe,c chemical compound.



Fosfomycin ist ein Breitbandantibiotikum und gehört zu den 
Epoxyd-Verbindungen. Es zeigt eine gute Wirksamkeit gegen 
grampositive und gramnegative Bakterien. Aufgrund seiner 
besonderen Wirkweise ist es vor allem bei akuten 
Harnwegsinfektionen von besonderer Bedeutung.

Wirkmechanismus
Fosfomycin wirkt bakterizid auf wachsende Krankheitserreger, 
indem es die Synthese der Bakterienzellwand hemmt. Es 
blockiert die erste Stufe der intrazellulären Zellwandsynthese 
durch die Hemmung der Peptidoglykansynthese. Der Wirkstoff 
wird über zwei verschiedene Transportsysteme, das sn-
Glycerin-3-phosphat- und das Hexose-6-Transportsystem, aktiv 
in die Bakterienzelle transportiert.

Pharmakokinetik
Resorption
Nach oraler Einnahme von Fosfomycin beträgt die 
Bioverfügbarkeit etwa 33–53%.
Nahrung verzögert den Zeitpunkt der maximalen 
Harnkonzentrationen um vier Stunden.
Fosfomycin wird auch über die enterohepatische Rezirkulation 
wieder aufgenommen.

Fosfomycin was first isolated in 1969 from soil samples 
containing cultures of Streptomyces fradiae, Streptomyces 
viridochromogenes, and Streptomyces wedmorensis.







The paYents



Nitrofurantoin beats fosfomycin



Adverse 
events?

Coin flip



There is no single "best" drug; your doctor will choose based 
on local antibiotic resistance patterns, your health history, and 
cost.



Das Circumsporozoiten-Protein (CSP) ist das 
Hauptoberflächenprotein der Sporozoiten, dem infek:ösen 
Stadium des Malaria-Parasiten (Plasmodium), das von 
Anopheles-Mücken auf den Menschen übertragen wird. Es 
ist entscheidend für den Lebenszyklus des Parasiten, da es 
das Eindringen in die Speicheldrüsen der Mücke sowie die 
Interak:on mit und das Eindringen in die Leberzellen des 
menschlichen Wirtes vermiMelt.
Struktur und Funk7on:
•Au:au: Das hochkonservierte, ca. 58 kDa große Protein 
besteht aus drei Bereichen: Einem N-Terminus mit einer 
Bindungsregion (Region I) für Heparansulfat-Proteoglykane, 
einer zentralen Wiederholungsregion (NANP-
Wiederholungen) und einem C-terminalen Bereich mit 
einer Thrombospondin-ähnlichen Domäne (TSP-Region II) 
sowie einem GPI-Anker.
•Funk7on: Die zentrale Region enthält humane B-Zell-
Epitope, während der C-Terminus T-Zell-Epitope aufweist.
•Struktur: In der Bildgebung erscheint CSP als flexible, 
stäbchenförmige Struktur.



L9LS ist ein hochwirksamer monoklonaler An7körper, 
der zur Vorbeugung von Malaria entwickelt wurde. Er 
wird als passive Immunisierung eingesetzt, um den 
Malariaparasiten Plasmodium falciparum abzuwehren, 
bevor dieser die Leber infizieren kann.
Wich7ge Erkenntnisse zur Wirksamkeit
Aktuelle Studien belegen die hohe Schutzwirkung von 
L9LS:
•Kinder in Mali (Phase 2): Eine Einzeldosis schützte 
Kinder im Alter von 6 bis 10 Jahren über eine 
sechsmona:ge Malariasaison.

•77 % Wirksamkeit gegen klinische Malaria (bei 
einer 300-mg-Dosis).
•70 % Wirksamkeit gegen Infek:onen insgesamt.

•Kleinkinder in Kenia: In Gebieten mit ganzjähriger 
Übertragung zeigte L9LS bei Kindern (5–59 Monate) 
eine Schutzwirkung von etwa 43 % bis 48 %.
•Erwachsene (Phase 1): In kontrollierten Studien 
verhinderte L9LS bei 88 % der Teilnehmer eine Infek:on 
nach Mückens:chen.

Passive Immunität

Es gibt auch einen aktiven Impfstoff 
aber hier nicht getestet



Hauptmerkmale von L9LS
•Anwendung: Wird meist als einfache subkutane 
Injek7on (unter die Haut) verabreicht, was den 
Einsatz in ländlichen Regionen erleichtert.
•Wirkungsweise: Er bindet an das Circumsporozoit-
Protein (PfCSP) auf der Oberfläche der Parasiten und 
neutralisiert diese sofort nach dem Mückens:ch.
•Vorteil gegenüber Impfstoffen: Bietet sofor7gen 
Schutz nach einer einzigen Dosis, während 
herkömmliche Impfstoffe oi mehrere Dosen über 
Monate benö:gen.
•Sicherheit: In klinischen Studien wurden bisher 
keine schwerwiegenden Sicherheitsbedenken 
festgestellt; häufigste Nebenwirkung sind leichte 
Schwellungen an der Eins:chstelle.











Less than bombastic





Less than bombasYc





Senkung des Blutdrucks ist der wichtigste veränderbare Faktor, um 
das Fortschreiten einer chronischen Nierenerkrankung (CKD) zu 
verlangsamen und das Risiko für Herz-Kreislauf-Erkrankungen zu 
senken.
Zielwerte für den Blutdruck
Die Empfehlungen variieren je nach Leitlinie und dem Vorliegen von 
Eiweiß im Urin (Albuminurie):
•Allgemeiner Zielwert: Meist wird ein Ziel von < 130/80 
mmHg empfohlen.
•Intensivierte Senkung: Die KDIGO-Leitlinien 2021 schlagen bei 
guter Verträglichkeit sogar einen systolischen Wert von < 120 
mmHg vor, basierend auf standardisierten Messungen.
•Bei Proteinurie: Wenn vermehrt Eiweiß ausgeschieden wird (> 300 
mg/Tag), ist eine strikte Kontrolle besonders wichtig, um die Nieren 
zu schützen.
•Individuelle Anpassung: Bei älteren oder gebrechlichen Menschen 
können höhere Zielwerte (z. B. < 140/90 mmHg) sinnvoll sein, um 
Stürze oder Schwindel durch zu niedrigen Blutdruck zu vermeiden.

CKD will be the 4th commonest 
cause of death by 2040

Man hat „angst“ BD 
bei CKD zu reduzieren

https://kdigo.org/guidelines/blood-pressure-in-ckd/
https://kdigo.org/guidelines/blood-pressure-in-ckd/
https://kdigo.org/guidelines/blood-pressure-in-ckd/








All treatments lie 
below comparators













Die Wendung „mecke, mecke, meck“ stammt aus Wilhelm 
Buschs berühmtem Werk „Max und Moritz“ (1865), spezifisch 
aus dem 3. Streich. Die Buben verspotten Schneider Böck, 
nachdem sie dessen Brücke angesägt haben, mit diesem 
Ziegenlaut, was ihn in die Brücke stürzen lässt. Der Ausruf steht 
symbolisch für ihren Spott und das Leiden der Opfer.

Taylor Böck suffers 
from gastric ulcers

Bad boys sabotage bridge 
by sawing it in half

Bad boys, Max and Moritz, 
celebrate as taylor Böck falls in 
creek

What‘s with MEK?!?

Bad boys

Max Moritz

https://www.google.com/search?q=Max+und+Moritz&oq=wilhelm+busch+und+mek+mek+mek&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigAdIBCTExNjQzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfBP2XTs-wdK-_DwRmUpT3AbHkR8Ck1-CVRfUn1XsvL9laisHyG97za0d7uA3Rws-SGsuNot1fVI-ERVARX9fizscLw89zV5A-koiY7s82fpa5vXQMbMeGILuDaZXIJjZA5NxIvn-Xgu8lOJomY7VewUY9rr4LuvObAtVXgo6-sBOuHAQpuxud13aYUefpO7ZJwqd9JEVpxTXxOXSGZXOAuvbTY_jWBCuatl-GM1Xp3q1ZBP6tGEyJevUgBW6GCS2vP4pBd7Scnsck5I43HBvZiMZaFmiEzwrXouOF9f9CZACg&csui=3&ved=2ahUKEwiQ9uCL6oWUAxUOUMMIHdxqDA0QgK4QegQIARAC
https://www.google.com/search?q=Leiden+der+Opfer&oq=wilhelm+busch+und+mek+mek+mek&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigAdIBCTExNjQzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfBP2XTs-wdK-_DwRmUpT3AbHkR8Ck1-CVRfUn1XsvL9laisHyG97za0d7uA3Rws-SGsuNot1fVI-ERVARX9fizscLw89zV5A-koiY7s82fpa5vXQMbMeGILuDaZXIJjZA5NxIvn-Xgu8lOJomY7VewUY9rr4LuvObAtVXgo6-sBOuHAQpuxud13aYUefpO7ZJwqd9JEVpxTXxOXSGZXOAuvbTY_jWBCuatl-GM1Xp3q1ZBP6tGEyJevUgBW6GCS2vP4pBd7Scnsck5I43HBvZiMZaFmiEzwrXouOF9f9CZACg&csui=3&ved=2ahUKEwiQ9uCL6oWUAxUOUMMIHdxqDA0QgK4QegQIARAD


In der Zellbiologie ist MEK (Mitogen-activated 
protein kinase kinase) ein zentrales Protein im 
sogenannten MAP-Kinase-Weg.

•Funktion: MEK leitet Signale von der 
Zelloberfläche in den Zellkern weiter.
•Wirkungskette: Es wird meist 
durch Raf aktiviert und aktiviert 
seinerseits ERK.
•Bedeutung: Dieser Weg steuert 
Zellwachstum und Teilung. Fehler in diesem 
Signalsystem können zu Krebs führen.

RAF (Rapidly Accelerated Fibrosarcoma) ist eine Familie von Serin/Threonin-
Proteinkinasen (A-Raf, B-Raf, C-Raf/Raf-1), die im MAPK-Signalweg (Ras-Raf-
MEK-ERK) als zentrale SchniRstelle fungieren. Sie werden durch ak?viertes 
RAS-GTP gebunden, ak?viert und phosphorylieren anschließend MEK, um 
Signale für Zellwachstum, Prolifera?on und Differenzierung weiterzuleiten.

In der MAP-Kinase-Signaltransduktion steht 
das Akronym MEK für MAPK/ERK-Kinase.

Die ERK-Kinase (Extracellular-signal-Regulated Kinase) ist ein zentrales 
Enzym in der intrazellulären Signalübertragung, das extrazelluläre 
Signale (z. B. Wachstumsfaktoren) in den Zellkern leitet, um Prozesse 
wie Prolifera?on, Differenzierung und Überleben zu regulieren.

https://de.wikipedia.org/wiki/MAP-Kinase-Weg
https://de.wikipedia.org/wiki/MAP-Kinase-Weg
https://de.wikipedia.org/wiki/MAP-Kinase-Weg
https://de.wikipedia.org/wiki/MAP-Kinase-Weg
https://de.wikipedia.org/wiki/MAP-Kinase-Weg
















Heart cancer is very rare in mammals. Moreover, the 
healthy adult heart does not regenerate. Human heart 
cells (cardiomyocytes) renew at an ∼1% rate per year. The 
high mechanical load placed on cardiac tissue, which 
must overcome strong resistance to pump blood to all 
body organs, has been proposed to inhibit cardiomyocyte 
proliferation. Indeed, reducing the mechanical load on the 
heart promotes the expression of cell cycle markers in 
cardiomyocytes of patients whose hearts were unloaded 
by a ventricular assist device. Ciucci et al. report that the 
constant mechanical load to which cardiac tissue is 
subjected also inhibits the proliferation of cancer cells in 
the heart.
Primary cardiac tumors are exceptionally rare, whereas 
secondary cardiac metastases originating elsewhere are 
more prevalent. Notably, even cardiac metastases are 
frequently clinically silent, with many cases identified only 
incidentally or at autopsy. Although this observation is 
well accepted, mechanistic understanding was lacking.



INTRODUCTION: The heart is rarely affected by cancer; both primary cardiac tumors and metastases 
are uncommon despite the high vascularization of the myocardium. The mechanisms underlying this 
resistance remain unclear.

RATIONALE: Mechanical load has been proposed as a major mechanism halting cardiomyocyte 
proliferation early after birth, thus limiting the regenerative potential of the adult mammalian heart. 
We hypothesized that it could similarly hamper the proliferation of cancer cells in the heart.

RESULTS: We first used an in vivo genetic model of cancer in mice, in which Cre-mediated 
recombination results in the overexpression of mutated K-Ras and deletion of p53, to confirm that 
the heart resists oncogenic events. Despite a comparable extent of recombination in liver, heart, and 
skeletal muscle, multiple cancers arose at different anatomical sites but never in the heart. In 
addition, we set up a mouse model of heterotopic heart transplantation to mechanically unload the 
heart in vivo. In this model, the aorta and pulmonary artery of the transplanted heart are surgically 
connected with the carotid artery and external jugular vein of the recipient animal, respectively, 
thereby restoring perfusion in the absence of mechanical load within the left ventricle.



In parallel, we used engineered heart tissues in which mechanical load can be controlled at will. In 
these models, mechanical load inhibited, whereas tissue unloading promoted the proliferation of 
lung adenocarcinoma, colon carcinoma, and melanoma cells within the myocardium. To investigate 
the mechanisms underlying these effects, we used spatial transcriptomics to analyze samples of 
human cancers that gave rise to both cardiac and extracardiac metastases. We found that cardiac 
metastases shared a common transcriptional profile, independent from the origin of the primary 
tumor. Among the most up-regulated genes in cardiac metastases were histone demethylases. 
Consistently, cardiac metastases showed reduced histone 3 lysine 9 trimethylation and reduced 
chromatin compaction. Similar findings were observed in our experimental models of cardiac load 
modulation in which chromatin accessibility and histone methylation were altered at sites controlling 
cancer cell proliferation, as determined by single-nuclei assay for transposaseaccessible chromatin 
with sequencing and chromatin immunoprecipitation sequencing. Nesprin-2, a protein known to 
mediate mechanotransduction from the cytoplasm to the nucleus, emerged as a key molecule 
sensing mechanical forces operating in beating hearts and translating them into reduced cell 
proliferation. Silencing of Nesprin-2 in lung cancer cells prior to their implantation in the heart in vivo 
restored the capacity of the cells to proliferate in the presence of physiological mechanical load, 
resulting in the formation of large tumors.



Key mechanisms inhibiting cancer cell proliferation in the heart. Cancer cells that engraft into the 
myocardium are exposed to mechanical forces generated by both cardiomyocyte contraction and 
pressurevolume load. Nesprin-2 is a key molecule in sensing these forces, resulting in reduced histone 
methylation and chromatin compaction in cancer cells, overall halting their proliferation.

CONCLUSION: Collectively, these results shed light on the role of mechanical forces in protecting the 
heart from cancer and may pave the way to cancer therapies based on mechanical stimulation.






