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A 42-year-old man on prolonged 
immunosuppressive therapy for chronic graft-
versus-host disease after stem-cell 
transplantation for acute lymphoblastic 
leukemia presented to clinic with a 2-week 
history of urinary frequency and weak stream. 
Physical examination was notable for several 
small papules on the penile shaft. Urinalysis 
showed 9 white cells per high-power field, and 
a urine culture was negative. Testing for human 
immunodeficiency virus was also negative. 
Resected urethral tissue showed papillomatous 
squamous proliferation with koilocytic atypia. 
Which of the following causes this condition?

Herpes simplex virus

Human papillomavirus

Poxvirus

Treponema pallidum

Ureaplasma urealyticum

The findings on urethroscopy and histopathological analysis 
were consistent with condyloma acuminata of the urethra. The 
penile papules were also excised and found to be condyloma 
acuminata (genital warts). Human papillomavirus infection 
leads to condyloma acuminata. A polymerase-chain-reaction 
assay of the excised penile-lesion specimen was positive for 
human papilloma virus type 11.





Assessing intermediate coronary lesions with an intracoronary 
pressure wire improves clinical outcomes in patients 
undergoing cardiac catheterization and percutaneous coronary 
intervention (PCI). However, clinical use of pressure-wire–based 
physiological assessment remains low. Measurement of 
fractional flow reserve (FFR) derived from coronary 
angiographic images alone correlates well with pressure-wire–
based FFR measurements and may simplify procedures, but its 
effect on clinical outcomes is unknown.
In this international noninferiority trial, we randomly assigned 
patients undergoing coronary angiography who were found to 
have at least one intermediate coronary stenosis to 
physiological assessment with measurements derived from 
angiographic images (FFRangio) or with pressure-wire–based 
measurements. The primary end point was a composite of 
death, myocardial infarction, or unplanned, clinically indicated 
coronary revascularization at 1 year. The noninferiority margin 
was 3.5 percentage points.



Several randomized trials have shown the benefit of calculating fractional flow reserve (FFR; 
the ratio, at maximal hyperemia, of the mean arterial blood pressure measured distal to a 
stenosis to the mean pressure measured before the stenosis) with a coronary-artery pressure 
wire to evaluate the physiological importance of coronary-artery lesions and guide 
revascularization decisions in patients with coronary artery disease.
Computer-based software (CathWorks) has been developed to facilitate the assessment of 
coronary physiological features in the cardiac catheterization laboratory without the use of an 
intracoronary pressure wire. This computer-based software analyzes coronary angiographic 
images to create a three-dimensional reconstruction of the coronary-artery tree and apply a 
resistance model to estimate pressure gradients on the basis of vessel contours. The system 
(FFRangio) quantifies angiography-derived FFR, which correlates well with pressure-wire–
derived FFR but does not require a pressure wire or hyperemic agent. We conducted the 
Advancing Cath Lab Results with FFRangio Coronary Physiology Assessment (ALL-RISE) trial to 
determine whether clinical outcomes after physiological assessment of coronary stenoses with 
FFRangio were noninferior to outcomes after pressure-wire–based assessment to guide 
revascularization decision making.



Methods
Trial Design
We conducted this international, randomized, noninferiority trial at 59 sites in North America, Europe, 
Asia, and the Middle East. Eligible participants were randomly assigned in a 1:1 ratio to receive coronary-
artery lesion assessment with the use of FFRangio (FFRangio group) or a coronary pressure wire 
(pressure-wire group). Before randomization, investigators identified which lesion or lesions would be 
the subject of physiological assessment (the study lesion) and successfully treated any nonstudy lesions 
that required percutaneous coronary intervention (PCI) without physiological assessment.
Trial Procedures
Diagnostic coronary angiography was performed at each site. Patients assigned to the pressure-wire 
group could undergo either FFR testing or nonhyperemic pressure ratio measurement with any 
commercially available pressure-wire system. If FFR was measured, either intracoronary or intravenous 
adenosine or adenosine triphosphate or intracoronary papaverine at recommended doses could be used 
to induce hyperemia. An FFR value of up to 0.80 or a nonhyperemic pressure ratio value of up to 0.89 
was used to indicate a functionally significant lesion warranting PCI, whereas lesions with values above 
these cutoffs were to be treated medically.
End Points
The primary end point was a composite of death from any cause, myocardial infarction, or unplanned, 
clinically indicated revascularization at 1 year. 



Procedural and Angiographic Characteristics.



End-Point Events at 1 Year.







Current society guidelines recommend physiological 
assessment of intermediate coronary lesions to guide 
revascularization. Data regarding revascularization guided by 
vessel fractional flow reserve (vFFR), derived from three-
dimensional quantitative coronary angiography without the 
need for a pressure wire or hyperemic agent, as compared with 
pressure-wire–based fractional flow reserve (FFR), are lacking.
We conducted an international, open-label, randomized, 
noninferiority trial at 37 sites in Europe. Patients with 
intermediate coronary-artery lesions (diameter stenosis of 30 
to 80%) who presented with chronic or acute coronary 
syndromes were randomly assigned in a 1:1 ratio to undergo 
either vFFR-guided or FFR-guided revascularization of the 
intermediate coronary-artery lesions. The primary end point 
was a composite of death from any cause, any myocardial 
infarction, or any revascularization at 1 year. The noninferiority 
margin was 3.0 percentage points.



Guidelines for the management of coronary artery disease recommend the use of 
fractional flow reserve (FFR) to guide revascularization of intermediate coronary-
artery lesions in the absence of noninvasive ischemia testing. With the intention to 
increase adoption of physiological guidance and reduce procedure time by avoiding 
intracoronary instrumentation and adenosine-induced hyperemia, angiography-based 
indexes were developed.
Vessel fractional flow reserve (vFFR) (Pie Medical Imaging) derives an FFR value from 
angiographic images and three-dimensional quantitative coronary angiography by 
using physical laws that apply to coronary flow behavior, including viscous resistance 
and effects of separation loss, as described by Gould et al. and Kirkeeide. In 
prospective, multicenter validation studies, vFFR has shown diagnostic accuracy 
similar to that of pressure-wire–based FFR.
The Fractional Flow Reserve or 3D-Quantitative-Coronary-Angiography–Based Vessel-
FFR–Guided Revascularization (FAST III) trial was designed to assess whether vFFR-
guided revascularization is noninferior to FFR-guided revascularization with respect to 
death from any cause, myocardial infarction, or revascularization.



Methods
Trial Design and Oversight
We conducted an investigator-initiated, international, open-label, randomized, controlled, 
noninferiority trial. 
Patient Selection
Eligible patients were 18 years of age or older and had chronic coronary syndrome, unstable 
angina, or non–ST-segment elevation acute coronary syndrome and at least one intermediate 
coronary-artery lesion (diameter stenosis of 30 to 80%, as determined by visual estimation or 
quantitative coronary angiography) in a native epicardial vessel with a reference diameter of 2.5 
mm or greater that was deemed to be suitable for physiological assessment with both vFFR and 
wire-based FFR.
Randomization, Treatment, and Follow-Up
Patients were randomly assigned in a 1:1 ratio to undergo either vFFR-guided or FFR-guided 
revascularization. Randomization was performed with the use of a concealed, Web-based system, 
with stratification according to participating center. Patients underwent randomization after 
clinical and angiographic eligibility criteria were confirmed.
Trial End Points
The primary end point was a composite of death from any cause, any myocardial infarction, or any 
revascularization within 1 year after randomization.



Procedural Characteristics (Full Analysis Set).



Primary and Secondary End Points.







HIF-2α (Hypoxie-induzierbarer Faktor-2α) ist ein zentraler 
Treiber des klarzelligen Nierenzellkarzinoms (ccRCC) . Bei über 
90 % dieser Tumoren führt der Verlust des VHL (von-Hippel-
Lindau)-Gens dazu, dass HIF-2α nicht mehr abgebaut wird . Es 
sammelt sich an und kurbelt massiv das Tumorwachstum und 
die Gefäßneubildung an.

Mechanismus und Wirkung

•Pseudo-Hypoxie: Obwohl ausreichend Sauerstoff vorhanden 
ist, signalisiert HIF-2α dem Körper einen Sauerstoffmangel .

•Folge: Der Tumor bildet neue Blutgefäße, um sich selbst zu 
versorgen, und der zelluläre Stoffwechsel wird aggressiv auf 
Wachstum umprogrammiert.



Adjuvant pembrolizumab improves disease-free and 
overall survival among patients with resected clear-cell 
renal-cell carcinoma. The hypoxia-inducible factor 2α 
inhibitor belzutifan has activity in advanced disease. 
Adjuvant pembrolizumab with belzutifan may further 
improve outcomes in patients with clear-cell renal-cell 
carcinoma at increased risk for recurrence.
In this phase 3, double-blind trial, we randomly assigned 
participants in a 1:1 ratio to receive intravenous 
pembrolizumab at a dose of 400 mg every 6 weeks (≤9 
doses) and either daily oral belzutifan at a dose of 120 
mg (pembrolizumab–belzutifan) or placebo 
(pembrolizumab–placebo) for up to 1 year. The primary 
end point was disease-free survival as assessed by the 
investigator; secondary end points included overall 
survival and safety.



Adjuvant pembrolizumab is the standard of care for patients with clear-cell 
renal-cell carcinoma at intermediate-to-high risk for recurrence (tumor stage 
T2 with nuclear grade 4 or sarcomatoid features or tumor stage T3 of any 
grade; no regional lymph node or distant metastases) or at high risk for 
recurrence (tumor stage T4 of any grade with no regional lymph node or 
distant metastases or any tumor stage with lymph node involvement but no 
distant metastases) after nephrectomy or nephrectomy and resection of 
metastatic lesions on the basis of the results from the phase 3 KEYNOTE-564 
trial.
Despite this improvement, death or disease recurrence occurs within 5 years 
or less after nephrectomy in approximately 40% of patients with an 
increased risk of recurrence. Belzutifan is a potent, selective hypoxia-
inducible factor 2α (HIF-2α) inhibitor with clinical activity and mainly low-
grade toxic effects in patients with localized von Hippel–Lindau disease–
associated neoplasms and advanced heavily pretreated clear-cell renal-cell 
carcinoma.



Trial Design and Treatment
In this phase 3, double-blind, multinational trial, participants were randomly assigned in a 1:1 
ratio to receive intravenous pembrolizumab at a dose of 400 mg every 6 weeks with either 
oral belzutifan at a dose of 120 mg daily (pembrolizumab–belzutifan) or placebo administered 
daily (pembrolizumab–placebo) as adjuvant therapy after nephrectomy or nephrectomy and 
metastasectomy. Treatment continued for no more than nine doses of pembrolizumab 
(approximately 1 year); belzutifan was continued concurrently with pembrolizumab or for 54 
weeks or less in the event of pembrolizumab discontinuation. 
End Points
The primary end point was disease-free survival, which was defined as the time from 
randomization to first documented local or distant recurrence as assessed by the investigator 
or death from any cause, whichever occurred first. Overall survival (defined as the time from 
randomization to death from any cause) was a key secondary end point; safety was a 
secondary end point. An exploratory sensitivity analysis of disease-free survival as assessed by 
central review was conducted.



Adverse Events (As-Treated Population).



Adverse Events 



Increased alanine 
aminotransferase levels (in 5.2% 
vs. 1.8%), anemia (in 4.0% vs. 
0.1%), and increased aspartate 
aminotransferase levels (in 3.3% 
vs. 1.6%).



B-Zellen spielen eine entscheidende Rolle bei der Entstehung 
und dem Verlauf von Multipler Sklerose (MS). Früher wurde 
MS hauptsächlich als eine Erkrankung angesehen, die durch T-
Zellen verursacht wird. Heute weiß man jedoch, dass B-Zellen 
(eine Untergruppe der weißen Blutkörperchen) maßgeblich an 
den Entzündungsprozessen beteiligt sind, die die schützende 
Myelinschicht der Nervenfasern im zentralen Nervensystem 
(ZNS) zerstören.

Aktivierung anderer Immunzellen: B-Zellen dienen als hocheffiziente Antigenpräsentierende Zellen (APCs). Sie fangen 
Antigene ein und "zeigen" diese den T-Zellen, was eine aggressive Kettenreaktion des Immunsystems auslöst.

Ausschüttung von Entzündungsstoffen: Sie sondern entzündungsfördernde Botenstoffe (Zytokine) wie IL-6 und GM-CSF 
ab. Diese Stoffe stacheln das Immunsystem weiter an, das Gehirn und das Rückenmark zu attackieren.

Antikörper-Produktion: B-Zellen reifen zu Plasmazellen heran und produzieren Antikörper. Diese Antikörper lassen sich 
im Nervenwasser (Liquor) von über 90 % der MS-Betroffenen als sogenannte oligoklonale Bande nachweisen.

Bildung von Entzündungsnestern: Bei fortschreitender (progressiver) MS können sich B-Zellen in den Hirnhäuten 
(Meningen) ansammeln und dort nestartige Gewebestrukturen bilden. Diese halten die Entzündung direkt im Gehirn 
dauerhaft aufrecht



Anti-CD20 monoclonal antibodies are effective for 
relapsing multiple sclerosis. However, data from head-to-
head trials are lacking.
In this phase 3, multicenter, double-blind, noninferiority 
trial, we randomly assigned adults with newly diagnosed 
relapsing multiple sclerosis and recent disease activity in a 
3:2 ratio to receive rituximab or ocrelizumab every 6 
months for 24 months. The primary end point was the 
absence of new or enlarging lesions on T2-weighted 
magnetic resonance imaging (MRI) from month 6 to month 
24. Noninferiority was defined as a lower limit of the 95% 
confidence interval for the risk difference (rituximab minus 
ocrelizumab) of greater than or equal to −10 percentage 
points. Secondary end points included efficacy and safety.



Imaging evidence of inflammatory activity in relapsing multiple sclerosis has 
been associated with subsequent disability, and observational studies suggest 
that early use of high-efficacy therapy may improve long-term outcomes. Anti-
CD20 monoclonal antibodies are among the most effective therapies for 
relapsing multiple sclerosis. Rituximab showed efficacy in the phase 2 HERMES 
trial, with results similar to those in early studies of ocrelizumab. In phase 3 
trials, ocrelizumab showed superiority over interferon beta-1a, which led to 
regulatory approval for its use in relapsing multiple sclerosis. After patent 
expiration, biosimilar versions of rituximab have facilitated widespread off-label 
use owing to lower costs. However, comparative evidence between rituximab 
and ocrelizumab is limited to observational studies subject to residual 
confounding and heterogeneity in doses and monitoring. We therefore 
conducted OVERLORD-MS, a randomized, double-blind, head-to-head, 
noninferiority trial comparing rituximab with ocrelizumab in persons with newly 
diagnosed relapsing multiple sclerosis.



Methods
Trial Design and Oversight
OVERLORD-MS was a phase 3, randomized, double-blind, multicenter, noninferiority trial conducted at 
12 neurology departments in Norway and Sweden. Participants were randomly assigned in a 3:2 ratio to 
receive rituximab or ocrelizumab and were treated for 24 months, with an additional prespecified 
blinded follow-up visit at month 30. 
Participants
Eligible participants were between 18 and 60 years of age, had received a diagnosis of relapsing multiple 
sclerosis within the previous 12 months, showed evidence of recent inflammatory disease activity, and 
had an EDSS score of 0 to 4.0 (on a scale from 0 to 10, with higher scores indicating greater disability). 
Interventions
Participants received intravenous rituximab (Rixathon, Sandoz) at a dose of 1000 mg at baseline, 
followed by 500 mg every 6 months, or intravenous ocrelizumab (Ocrevus, Roche) at a dose of 600 mg 
at baseline and every 6 months. Premedication included intravenous methylprednisolone (100 mg), oral 
antihistamine, and antipyretic agents. 
Assessments
MRI scans were obtained at baseline and at months 6, 12, and 24. MRI acquisition followed protocol-
defined sequences; scanner platforms varied across centers. MRI outcomes, including lesion counts on 
T2-weighted MRI, contrast-enhancing lesions, and brain volumes, were assessed at a blinded central 
reading center.



Primary and Secondary End Points during the 2-Year Trial.



Adverse Events and Serious Adverse Events.







Summary
Multiple sclerosis is a chronic autoimmune disorder that affects the central 
nervous system, causing episodes of neurologic dysfunction and often gradual 
disease progression. The immune system primarily targets myelin, the 
protective covering of nerve fibers, leading to inflammation and damage, and 
secondary neurodegeneration is a major cause of long-term disability. 
Common symptoms include vision problems, sensory disturbances, muscle 
weakness, balance difficulties, and bladder dysfunction. Important advances 
in treatment have improved outcomes in patients with relapsing forms of 
multiple sclerosis, particularly through highly effective immune-modifying 
therapies such as CD20-targeting monoclonal antibodies. However, treatment 
options for progressive forms remain limited, which highlights the need for 
therapies that can prevent progression and promote myelin repair. 
Comprehensive symptom management and lifestyle support are also 
essential to maintaining quality of life and reducing disability.















Conclusions and Future Directions
Beyond B-cell therapies, efforts to reduce inflammation include targeting the 
proinflammatory epitope of fibrin, which is deposited in the subendothelia of multiple 
sclerosis lesions and triggers microglial activation, as well as approaches that are 
directed against cytotoxic T cells. Another area of experimental therapeutics is focused 
on enhancing myelin repair within lesions by promotion of the differentiation of 
oligodendroglial precursor cells to remyelinate denuded but still-viable axons. A 
particularly promising target is the M1 muscarinic receptor, and a preliminary clinical 
trial with the over-the-counter drug clemastine improved visual evoked-potential 
latencies in patients with relapsing multiple sclerosis, a finding that suggests that 
remyelination of the visual pathways had occurred.
Considerable interest exists around testing the concept that eradication of Epstein–Barr 
virus would prevent or ameliorate multiple sclerosis. A theoretical challenge to any 
vaccination approach is the possibility that the vaccine might trigger or worsen multiple 
sclerosis if the epitopes used for immunization cross-react with critical host proteins. 
Antiviral drugs, or virus-directed T-cell therapy, would presumably be free of this risk.





A 56-year-old woman was admitted to the hospital for gait instability. Eight weeks before presentation, 
she had noticed a gradual onset of ascending symmetric sensations of painful “pins and needles” that 
had begun in her feet. Two weeks before presentation, she began to have short-term memory 
impairment, difficulty concentrating, irritability, anorexia, and palpitations, along with paresthesias in 
her hands that were similar to those that had begun in her feet. She was unable to feel her feet on the 
ground when she walked, which led to frequent stumbling, and she braced herself against walls for 
stability. She reported no headaches, weakness, or weight loss. Her medical history included 
hypertension, hypothyroidism, depression, and anxiety. Hypothyroidism had been present for more 
than a decade and had been treated with a stable dose of levothyroxine. Thirty years before 
presentation, she had been in a vehicle collision that resulted in splenectomy and the development of 
post-traumatic arthritis of the left hip. Ten years after the accident (20 years before the current 
presentation), she underwent a left total hip arthroplasty. Her medications were amlodipine, 
levothyroxine, and fluoxetine. Four weeks before presentation, her primary care physician increased 
the levothyroxine dose in response to a newly elevated thyrotropin level of 8.8 μIU per milliliter 
(normal range, 0.3 to 4.2); the free thyroxine level was 1.5 ng per deciliter (normal range, 0.9 to 1.8). 
She had consumed approximately three glasses of wine daily for the past two decades and had 
smoked one pack of cigarettes per day for the past 30 years.



Anteroposterior Radiographs of the Pelvis.
A radiograph of the pelvis obtained 12 weeks before presentation (Panel A) shows that the prosthetic femoral head is 
positioned eccentrically within the acetabular shell, a finding that indicates degradation of the acetabular liner with 
resultant contact between the femoral head and the acetabular shell. This finding led to revision hip arthroplasty, with 
exchange to a cobalt–chromium femoral head and a polyethylene liner. A radiograph of the pelvis obtained 12 weeks 
after implantation of the cobalt–chromium femoral head (Panel B) shows amorphous, cloudlike periarticular opacities 
that are indicative of a large seroma, along with dispersed radiopaque deposits that are consistent with metallosis.



The patient was afebrile. The blood pressure was 128/90 mm Hg, the heart rate 105 beats 
per minute, the respiratory rate 16 breaths per minute, and the oxygen saturation 98% 
while she was breathing ambient air. The body-mass index (the weight in kilograms divided 
by the square of the height in meters) was 24. She was oriented to person, place, and 
time, but she had some impairment in memory (e.g., she was unable to remember what 
she had eaten for dinner the night before). Aside from tachycardia, her cardiac 
examination was normal, as were her lung, skin, and abdominal examinations. Her 
strength was normal in all four limbs. Sensation to light touch was reduced in all four 
limbs, with distal sensory loss in the hands and feet. She had decreased proprioception 
and vibratory sensation at the feet and ankles. Patellar deep-tendon reflexes were normal; 
ankle reflexes were not assessed. She had a wide-based gait and had difficulty walking 
with a tandem gait. The Romberg test was positive.





The white-cell count was 12,700 per microliter (of which 81% were neutrophils, 10% were 
lymphocytes, 7% were monocytes, 1% were eosinophils, and 1% were basophils); the white-
cell count was 11,500 per microliter 7 weeks before presentation. The hemoglobin level was 
18.8 g per deciliter with a mean corpuscular volume of 86 fl; previous hemoglobin 
measurements included a level of 12.5 g per deciliter 1 year before presentation, 17.8 g per 
deciliter 8 weeks before presentation, and 19.0 g per deciliter 1 week before presentation. 
The platelet count was 209,000 per microliter. The ferritin level was 355 ng per milliliter 
(normal range, 30 to 336).
The potassium level was 2.4 mmol per liter (normal range, 3.5 to 5.1), the magnesium level 1.6 
mg per deciliter (0.7 mmol per liter; normal range, 1.7 to 2.2 mg per deciliter [0.7 to 0.9 mmol 
per liter]), and the glucose level 250 mg per deciliter (14 millimoles per liter). The glycated 
hemoglobin level was 7.5%, and the vitamin B12 level 1100 pg per milliliter (812 pmol per liter; 
normal range, 232 to 1245 pg per milliliter [171 to 919 pmol per liter]). Both the potassium 
level and the magnesium level normalized after repletion. 





On hospital day 3, the patient underwent a second revision left hip arthroplasty with extensive 
débridement of the soft tissues, which had been infiltrated by cobalt–chromium. The previous 
acetabular polyethylene liner was replaced with a new polyethylene liner. The cobalt–chromium 
femoral head was replaced with a ceramic femoral head.
The same day, chelation therapy with N-acetylcysteine and calcium EDTA was initiated. On hospital 
day 6, the serum cobalt and chromium levels that had been measured preoperatively became 
available. The cobalt level before surgery was 592 ng per milliliter (normal value, <10), and the 
chromium level before surgery was 62.4 ng per milliliter (normal value, <0.2).
After surgery, the hemoglobin level had decreased to 14.4 mg per deciliter and remained at that 
level throughout the hospitalization. Intraoperative blood loss was estimated to be 400 ml. An 
erythropoietin level was not obtained, and Janus kinase 2 mutation analysis was not performed.
Additional chelation therapy with oral succimer (2,3-dimercaptosuccinic acid, at a dose of 650 mg 
every 8 hours for 2 weeks) and N-acetylcysteine (at a dose of 1800 mg twice daily) was prescribed 
by a medical toxicologist. Metformin was also prescribed; it was discontinued 3 months after 
discharge because the patient’s glycated hemoglobin level had decreased to 5.8%. Six months after 
discharge, her encephalopathy and ataxic gait had resolved, and the glycated hemoglobin level was 
5.5%. The thyrotropin level was 1.12 μIU per milliliter, and her levothyroxine dose was reduced to 
her previous dose of 150 μg daily. The serum cobalt level was less than 10 ng per milliliter.



Commentary
This patient presented with gait instability and cognitive and distal sensory abnormalities. 
Although a local complication of her recent hip arthroplasty was considered to be a possible 
cause of her gait difficulties, the concomitant cognitive and sensory dysfunction and the 
subsequent recognition of new-onset polycythemia and endocrinopathy suggested a systemic 
disorder. Ultimately, cobalt toxicity from the prosthesis was recognized to be the cause of her 
multisystem illness.
Cobalt–chromium alloy is used in orthopedic implants because of its hardness, corrosion 
resistance, and favorable wear properties. Although the use of cobalt–chromium in hip 
arthroplasty has declined substantially over the past 15 years owing to improvements in ceramics 
and polyethylene and heightened awareness of metal-related complications, cobalt–chromium 
components remain in use in selected contexts (such as revision hip arthroplasty and fracture-
related hip arthroplasty).
Cobalt toxicity results from mechanical stress on a cobalt component; the resulting metal debris 
causes a local inflammatory reaction (metallosis), and cobalt enters the bloodstream. In this 
patient’s case, residual ceramic debris formed a “third body,” which refers to the interposition of 
abrasive particles between the two primary bearing surfaces (the cobalt–chromium femoral head 
and the polyethylene liner). This mechanism leads to accelerated metal release as compared with 
the gradual wear that occurs in metal-on-metal articulations.



Eine Kobaltvergiftung (Cobalt Toxicity) ist eine seltene, aber ernste 
Erkrankung, die durch die Aufnahme zu großer Mengen des 
Schwermetalls Kobalt in den Körper entsteht. Während winzige Mengen 
Kobalt als Bestandteil von Vitamin B12 lebenswichtig sind, schädigt ein 
Überschuss lebenswichtige Organe wie das Herz, die Schilddrüse und 
das Nervensystem. Hauptursachen für eine Vergiftung

Medizinische Implantate: Die häufigste Ursache im Alltag ist der 
Verschleiß von fehlerhaften oder abgenutzten Metall-auf-Metall-
Hüftprothesen. Durch die Reibung gelangen mikroskopische 
Kobaltpartikel direkt in das umliegende Gewebe und die Blutbahn.

Berufliche Belastung: Arbeiter in der Metallverarbeitung (besonders bei 
der Herstellung von Wolframkarbid-Hartmetallen), beim 
Diamantschleifen oder in der Keramikindustrie können feine 
Kobaltstäube einatmen. 

Historische / Nahrungsmittel-Ursachen: In den 1960er Jahren wurde 
Kobaltsulfat Bier als Schaumstabilisator zugesetzt, was zu schweren 
Herzschäden bei Konsumenten führte (sogenannte „Biertrinker-
Kardiomyopathie“).

Wenn zu viel Kobalt in den Körper 
gelangt, stimuliert dies das Protein 
HIF-1 α (Hypoxia-inducible factor 1-
alpha). Dies signalisiert dem Körper 
fälschlicherweise, dass ein 
Sauerstoffmangel vorliegt, was die 
Produktion von Erythropoietin (EPO) 
in den Nieren anregt und in der 
Folge zu einer vermehrten Bildung 
roter Blutkörperchen führt.



Bladder Transplant



































Beim Patella-Resurfacing (auch Kniescheiben-
Oberflächenersatz genannt) handelt es sich um einen 
chirurgischen Eingriff, bei dem die Unterseite der Kniescheibe 
(Patella) während einer totalen Knieendoprothese (Knie-TEP) 
durch ein Kunststoffimplantat ersetzt wird. Der Chirurg trägt 
dabei wenige Millimeter des abgenutzten Knorpels ab und setzt 
stattdessen einen glatten „Knopf“ aus Polyethylen ein. Dies 
verhindert nach der Operation das schmerzhafte Reiben von 
Knochen auf den neuen Metallkomponenten des künstlichen 
Kniegelenks.

Freilegung: Der Chirurg klappt die Kniescheibe während der 
Knie-TEP vorsichtig zur Seite.

Knorpelentfernung: Die beschädigte Knorpelschicht auf der 
Rückseite wird präzise abgeschabt.

Höhenmessung: Die ursprüngliche Dicke der Kniescheibe wird 
genau gemessen, um eine Über- oder Unterdimensionierung zu 
vermeiden.

Fixierung: Der kuppelförmige Kunststoffknopf wird meist mit 
Knochenzement fest auf der Rückseite verankert















Unter einer postpartalen Hämorrhagie (PPH) versteht 
man eine starke, potenziell lebensbedrohliche Blutung 
nach der Geburt. Sie tritt typischerweise innerhalb der 
ersten 24 Stunden auf, kann sich aber auch bis zu 12 
Wochen nach der Entbindung entwickeln. Eine schnelle 
medizinische Intervention ist entscheidend

Klassisch: Ein Blutverlust von ≥ 500 ml nach einer vaginalen 
Geburt oder ≥ 1.000 ml nach einem Kaiserschnitt.

Schwere PPH: Verlust von mehr als 1.000 ml Blut innerhalb von 
24 Stunden oder Anzeichen eines kritischen Blutdruckabfalls.

Tone (Tonusverlust / Uterusatonie): Die Gebärmutter zieht sich 
nach der Geburt nicht ausreichend zusammen. Dies ist die 
häufigste Ursache. 
Trauma: Verletzungen, Risse oder Schnitte im Gebärmutterhals, 
in der Scheide oder im Dammbereich.
Tissue (Gewebe): Verbleibende Reste der Plazenta oder der 
Eihäute in der Gebärmutter, die das Zusammenziehen 
verhindern.
Thrombin (Gerinnungsstörungen): Probleme mit der 
Blutgerinnung (z.B. durch angeborene Gerinnungsstörungen 
oder starke Komplikationen während der Geburt).
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INTRODUCTION: Organoids—miniature 
tissues grown from stem cells—can reproduce 
aspects of organ development, but their 
architecture often emerges through self-
organization and is therefore difficult to 
control. Understanding how to impose spatial 
patterning in organoid systems is therefore an 
important challenge. Kidney organoids 
illustrate this limitation. Unlike in vivo 
nephrons, which form long segmented 
tubules oriented so that filtered fluid drains 
into a common collecting system, organoid 
nephrons exhibit variable patterning and 
orientation. This lack of spatial organization 
limits the ability of kidney organoids to form 
coherent nephron architectures and to model 
normal nephron physiologies.



RATIONALE: In embryos, spatial patterning is often 
organized by localized signaling centers known as 
developmental organizers. In the kidney, nephrons 
form next to the developing and branching 
collecting duct, and work in model organisms 
suggests that this epithelium provides localized 
signals that guide nephron polarity and 
segmentation. How this organizing geometry is 
arranged in human development and which cues 
are sufficient to recreate it have remained unclear. 
We mapped this organizing geometry in 
developing human kidneys and tested whether a 
minimal cue of localized WNT signaling could 
restore spatial control of nephron patterning in 
organoids.

RESULTS: Spatial transcriptomics revealed that nascent 
human nephrons form adjacent to a boundary in the 
collecting duct where two WNT signaling proteins, WNT11 
and WNT9B, mark neighboring tip and stalk domains. 
Forming nephrons displayed asymmetric gene expression 
relative to the WNT9B-expressing collecting duct. This finding 
allowed us to define an adjacent-to-distant axial nephron 
polarity that emerges early and persists as nephrons 
elongate and simultaneously form their proximaldistal axes. 
WNT response genes were enriched near the WNT9B 
domain, consistent with localized WNT signaling at the 
nephron–to–collecting duct interface. We tested whether 
this signaling geometry is sufficient to guide organoid 
architecture and engineered self-assembling WNT-secreting 
“synthetic organizers.” When placed next to kidney 
organoids, nephrons adjacent to organizers showed restored 
localized WNT responses, acquired axial polarity, and 
oriented tubule growth and segment patterning toward the 
signal source. Tuning of organizer output controlled nephron 
architecture and revealed conditions in which nephrons 
generate multiple segments while remaining coherently 
oriented.



WNT organizers control nephron patterning. Spatial 
transcriptomics of the developing human kidney reveals 
a WNT11-WNT9B boundary at the collecting duct that 
establishes an adjacent-distant polarity guiding nephron 
morphogenesis. Kidney organoids lack this spatial organizer 
and show disorganized patterning. Introducing tunable 
synthetic WNT-secreting organizers restores localized 
signaling, inducing symmetry breaking, orienting nephron 
growth and enabling controlled nephron patterning in 
organoids. CD, collecting duct.

CONCLUSION: Our findings link a spatial 
organizing geometry in the developing human 
kidney to controllable engineering in vitro. 
Synthetic organizers provide a modular way to 
restore missing spatial interactions without 
reconstructing the entire collecting duct 
lineage, complementing approaches that 
rebuild collecting duct–to–nephron cellular 
interactions. More broadly, combining in vivo 
spatial mapping with synthetic reconstruction 
provides a general pipeline to identify 
organizer geometries in developing tissues 
and recreate them to guide organ 
morphogenesis.




