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A 51-year old woman presented to the primary care 
clinic with mild worsening of chronic abdominal pain. 
On physical examination, the liver was enlarged. 
Magnetic resonance cholangiopancreatography 
revealed a markedly enlarged liver with numerous 
cystic structures (a three-dimensional maximum-
intensity-projection reconstruction is shown in the 
figure). What is the most likely underlying diagnosis?

Alpha1-antitrypsin deficiency 

Amebiasis 

Autosomal dominant polycystic kidney disease 

Hepatocellular adenomas 

Tuberous sclerosis 

The correct answer is autosomal dominant polycystic kidney disease. In 
autosomal dominant polycystic kidney disease, cysts can develop in a range 
of sites, including the liver, pancreas, and seminal vesicles. No signs of 
intracystic hemorrhage, rupture, or infection were found. 



Die tuberöse Sklerose ist eine autosomal-dominante 
Erbkrankheit, die mit Fehlbildungen und Tumoren des 
Gehirns, Hautveränderungen und meist gutartigen 
Tumoren in anderen Organsystemen einhergeht und 
klinisch häufig durch epileptische Anfälle und kognitive 
Behinderungen gekennzeichnet ist. 
Die Prävalenz der Erkrankung liegt bei Neugeborenen 
bei etwa 1:8000. Nach den Erstbeschreibern, den 
französischen Neurologen Désiré-Magloire Bourneville 
(1840–1909) und Édouard Brissaud (1852–1909) sowie 
dem britischen Hautarzt John James Pringle (1855–
1922) wird diese Erkrankung häufig auch als 
Bourneville-Pringle-Syndrom oder Bourneville-
Brissaud-Pringle-Syndrom bezeichnet. Im englischen 
Sprachraum hat sich der Begriff Tuberous Sclerosis 
Complex (TSC) eingebürgert, um den Komplex 
verschiedener Symptome und Krankheitsbilder bei 
dieser Erkrankung aus der Gruppe der Phakomatosen 
hervorzuheben. 

Außerhalb des Gehirns treten in den Nieren gutartige 
Tumoren, sogenannte Angiomyolipome, und 
Nierenzysten auf. Diese Veränderungen machen häufig 
keine Beschwerden, können aber selten bösartig 
entarten. Im Herzen werden bei vielen Kindern von 
Geburt an so genannte Rhabdomyome, Tumore des 
Muskelgewebes, diagnostiziert. Diese von Friedrich 
Daniel von Recklinghausen (1833–1910) erstmals 
beschriebenen Tumoren machen in den meisten Fällen 
keine ernsthaften Probleme.

So far, it has been mapped to two genetic loci, 
TSC1 and TSC2. TSC2 is contiguous with PKD1, 
the gene involved in one form of polycystic kidney
disease (PKD). Gross deletions affecting both
genes may account for the 2% of individuals with
TSC who also develop polycystic kidney disease
in childhood. TSC2 has been associated with a 
more severe form of TSC. Estimates of the
proportion of TSC caused by TSC2 range from
55% to 90%. TSC1 and TSC2 are both tumor
suppressor genes that function according to
Knudson's "two hit" hypothesis. That is, a second
random mutation must occur before a tumor can
develop. This explains why, despite its high 
penetrance, TSC has wide expressivity. 



Penumbra:
Halbschatten



Thrombolysis Guided by Perfusion Imaging up to 9 Hours after Onset of Stroke

The time to initiate intravenous thrombolysis for acute 
ischemic stroke is generally limited to within 4.5 hours 
after the onset of symptoms. Some trials have 
suggested that the treatment window may be extended 
in patients who are shown to have ischemic but not yet 
infarcted brain tissue on imaging. We conducted a 
multicenter, randomized, placebo-controlled trial 
involving patients with ischemic stroke who had 
hypoperfused but salvageable regions of brain detected 
on automated perfusion imaging. The patients were 
randomly assigned to receive intravenous alteplase or 
placebo between 4.5 and 9.0 hours after the onset of 
stroke or on awakening with stroke (if within 9 hours 
from the midpoint of sleep). The primary outcome was a 
score of 0 or 1 on the modified Rankin scale, on which 
scores range from 0 (no symptoms) to 6 (death), at 90 
days. The risk ratio for the primary outcome was 
adjusted for age and clinical severity at baseline. 
Critically hypoperfused brain was measured on 
perfusion MRI or CT perfusion imaging according to a 
delayed arrival of an injected tracer agent (time to 
maximum of the residue function exceeding 6 seconds).



Patients
Patients were eligible for inclusion if they were at least 18 years of age; had excellent functional status before 
enrollment (defined by a score of <2 on the modified Rankin scale, on which scores range from 0 [no neurologic 
deficit] to 6 [death]); had a stroke with a clinical severity score at presentation of 4 to 26 on the National 
Institutes of Health Stroke Scale (NIHSS), on which scores range from 0 to 42, with higher scores indicating 
greater deficit; and had hypoperfused but salvageable regions of brain detected on automated perfusion 
imaging. Occlusion of a large cerebral vessel was not a prerequisite for inclusion. Imaging techniques included 
CT perfusion imaging or perfusion-diffusion MRI, and images were processed with the use of a research 
version of RAPID automated software (Stanford University and iSchemaView).
In estimating the volume of irreversibly injured ischemic-core tissue, we used a threshold for relative cerebral 
blood flow of less than 30% of that in normal brain regions or we used diffusion-weighted MRI. Critically 
hypoperfused brain was measured on perfusion MRI or CT perfusion imaging according to a delayed arrival of 
an injected tracer agent (time to maximum of the residue function exceeding 6 seconds). Perfusion lesion–
ischemic core mismatch was defined as a ratio greater than 1.2 between the volume of hypoperfusion and the 
volume of the ischemic core, an absolute difference in volume greater than 10 ml, and an ischemic-core volume 
of less than 70 ml. Patients were not eligible if the investigator was considering the use of endovascular 
thrombectomy at the time of enrollment.
Trial Interventions
The patients were randomly assigned, in a 1:1 ratio, to receive either alteplase (0.9 mg per kilogram of body 
weight [maximum, 90 mg], administered intravenously as a 10% bolus and 90% infusion over 1 hour) or 
matching placebo. Randomization was performed through a centralized website, with stratification according to 
geographic region (Australia, New Zealand, and Finland vs. Taiwan) and time of intervention (>4.5 to 6.0 hours 
after stroke onset, >6.0 to 9.0 hours after stroke onset, or on awakening with stroke symptoms). Guideline-
based care for acute stroke was recommended for all patients. From 2010 through February 2018, the 
guidelines did not include the use of endovascular thrombectomy in extended time windows.
Outcomes
The primary outcome was a score of 0 or 1 on the modified Rankin scale at 90 days (indicating an excellent 
functional outcome with a return to all usual activities). The risk ratio for the primary outcome was adjusted for 
age and clinical severity of stroke (NIHSS score) at baseline. The secondary clinical outcomes were the score 
(0 to 6) on the modified Rankin scale at 90 days (with the distribution of scores in each trial group used in an 
ordinal analysis to assess functional improvement). 



Scores on the Modified Rankin Scale at 90 Days. Shown is the distribution of the scores on the modified Rankin 
scale at 90 days for all patients (intention-to-treat analysis). Scores range from 0 to 6, with 0 indicating no 
neurologic deficit, 1 no clinically significant disability (return to all usual activities), 2 slight disability (able to handle
own affairs without assistance but unable to carry out all previous activities), 3 moderate disability requiring some 
help (e.g., with shopping, cleaning, and finances but able to walk unassisted), 4 moderately severe disability 
(unable to attend to bodily needs without assistance and unable to walk unassisted), 5 severe disability (requiring 
constant nursing care and attention), and 6 death. The primary outcome of a score of 0 or 1 on the modified 
Rankin scale occurred in a higher percentage of patients in the alteplase group than in the placebo group. A 
secondary ordinal analysis of the distribution of scores on the modified Rankin scale at 90 days did not show a 
significant between-group difference in functional improvement (common odds ratio, 1.55; 95% confidence 
interval, 0.96 to 2.49). Percentages may not total 100 because of rounding.



With respect to the tertiary outcomes, 
recanalization at 24 hours after stroke occurred 
in 67.3% of the patients in the alteplase group 
and in 39.4% of those in the placebo group 
(adjusted risk ratio, 1.68; 95% CI, 1.29 to 2.19), 
and early major neurologic improvement at 24 
hours occurred in 23.9% of the patients in the 
alteplase group and in 9.8% of those in the 
placebo group (adjusted risk ratio, 2.76; 95% 
CI, 1.45 to 5.26). There were no significant 
interactions observed between trial group and 
any subgroup, including subgroups defined 
according to large-vessel occlusion status and 
time to intervention.
The percentage of patients who died within 90 
days after the intervention did not differ 
significantly between the alteplase group and 
the placebo group (13 of 113 patients [11.5%] 
vs. 10 of 112 patients [8.9%]; adjusted risk 
ratio, 1.17; 95% CI, 0.57 to 2.40; P=0.67). 
Death within 7 days occurred in 9 of 225 
patients (4.0%) in the trial population — 5 in the 
alteplase group (2 of whom had symptomatic 
hemorrhage) and 4 in the placebo group.
Symptomatic intracranial hemorrhage occurred 
in 7 of 113 patients (6.2%) in the alteplase 
group and in 1 of 112 patients (0.9%) in the 
placebo group (adjusted risk ratio, 7.22; 95% 
CI, 0.97 to 53.54; P=0.053). 



Discussion
Among the patients who had acute ischemic stroke and a favorable perfusion-imaging profile 
detected by automated perfusion imaging, the use of alteplase therapy between 4.5 and 9.0 hours 
after the onset of stroke or at the time the patient awoke with stroke symptoms resulted in a higher 
percentage of patients with a score of 0 or 1 on the modified Rankin scale (indicating no or minimal 
deficits, respectively) than the use of placebo, with an unadjusted absolute between-group 
difference of 6 percentage points. In an ordinal analysis of the distribution of scores on the modified 
Rankin scale at 90 days, the lower boundary of the 95% confidence interval of the common odds 
ratio for functional improvement crossed 1.00 and therefore was unlikely to show a significant 
difference between the trial groups. Findings for the other outcomes, including recanalization, 
reperfusion, and early neurologic improvement, were supportive of the observed benefit of alteplase 
with respect to the primary outcome, but the analyses were not adjusted for multiple comparisons.
Limitations of our trial include the premature termination of recruitment at 73% of the planned 
sample size. We were also unable to show a significant difference in the secondary outcome of 
functional improvement, as gauged by the 95% confidence interval in an ordinal analysis. In 
contrast to the adjusted analyses emphasized in the results of the trial, the findings from the 
unadjusted analyses of primary and secondary outcomes did not differ significantly between trial 
groups. However, imbalances in the baseline covariates of age and clinical severity of stroke 
occurred in favor of the placebo group. Our “door-to-needle time” of approximately 2 hours was 
longer than recommended in the guidelines.
In conclusion, the use of alteplase therapy in patients who had a favorable perfusion-imaging profile 
between 4.5 and 9 hours after stroke onset or on awakening with stroke symptoms resulted in no or 
minor neurologic deficits more often than the use of placebo. Because of the limited power of our 
conclusions as a result of premature termination of the trial and the lack of a significant between-
group difference in the secondary outcome of functional improvement, further trials of thrombolysis 
in this time window are required.



Das in Asien vorkommende Nipah-Virus (NiV, auch NIPV) löst 
beim Menschen eine häufig tödlich verlaufende 
Gehirnentzündung aus. Das Virus wird durch Kontakt mit 
Körperflüssigkeiten und -ausscheidungen infizierter Tiere und 
Menschen übertragen. Reservoirwirte sind offenbar 
fruchtfressende Flughunde, von denen es auf andere Tiere 
und Menschen weitergegeben werden kann. Zwischen 
September 1998 und April 1999 wurden offiziell 229 Fälle 
einer schwerverlaufenden, fiebrigen Enzephalitis in Malaysia 
gemeldet, kurz nach dem Beginn dieser Epidemie auch neun 
Fälle in Singapur. Hier wurden auch Symptome einer 
schweren Infektion der Atemwege berichtet. Überwiegend 
waren Männer betroffen, die in Schlachthäusern arbeiteten; 
von den Erkrankten starben 48 %. Daher vermutete man sehr 
schnell einen Zusammenhang mit einer Infektion bei Tieren. 
Gleichzeitig wurde in Malaysia bei Schweinen ein milder 
Ausbruch einer fiebrigen Atemwegsinfektion mit ungeklärtem 
Erreger registriert, der erst später als der gleiche Erreger wie 
bei den Enzephalitis-Patienten identifiziert wurde. Um die 
weitere Verbreitung der Epidemie auch beim Menschen zu 
verhindern, wurden über eine Million Schweine gekeult, was 
etwa der Hälfte des gesamten malayischen 
Schweinebestandes entsprach. 
Durch die Reduktion des Schweinebestandes und 
veterinärmedizinische Überwachung konnte der Ausbruch 
eingedämmt werden. Bisher wurden insgesamt zwölf kleinere 
Ausbrüche dokumentiert, so in den Jahren 2001 und 2003 in 
Bangladesch. 
Mit etwa 165 Millionen Einwohnern (2017) auf einer Fläche 
von 147.570 km² steht es nach Einwohnerzahl auf Platz acht 
der größten Staaten der Erde.



Transmission of Nipah Virus — 14 Years of Investigations in Bangladesh

Nipah virus is a highly 
virulent zoonotic 
pathogen that can be 
transmitted between 
humans. Understanding 
the dynamics of person-
to-person transmission is 
key to designing 
effective interventions. 
We used data from all 
Nipah virus cases 
identified during 
outbreak investigations 
in Bangladesh from April 
2001 through April 2014 
to investigate case-
patient characteristics 
associated with onward 
transmission and factors 
associated with the risk 
of infection among 
patient contacts.



Nipah Virus Case Contacts and Risk Factors Associated with Nipah Virus Infection. 



Person-to-Person Transmission during Nipah Virus 
Outbreaks in Bangladesh. Outbreaks in Bangladesh. 
Data are from Nipah virus cases identified in 
Bangladesh from April 2001 through April 2014. Panel A 
shows 17 Nipah virus person-to-person transmission 
trees (i.e., infection events originating from a single 
introduction and connected through person-to-person 
transmission). Squares indicate primary case patients 
and circles patients infected by person-to-person 
transmission. Blue squares and circles represent 
patients 25 years of age and older with difficulty 
breathing, a combination of characteristics that can help 
to identify patients who are likely to transmit Nipah virus. 
Alternative transmission scenarios for patients with two 
potential infectors are presented by red arrows. One 
patient (indicated by the yellow arrow) was probably 
infected by 1 of the 11 patients with secondary cases in 
the cluster, although exposure to other cases than the 
index case (who was excluded as infector) was not 
reported; 148 cases were not linked to any person-to-
person transmission tree and are not represented here. 
Panel B shows the distribution of Nipah virus 
transmission trees according to the size of the tree, and 
Panel C shows the distribution of the number of 
secondary cases per Nipah virus case. Three secondary 
cases with multiple potential infectors were excluded. 
The inset shows a portion of the same data, beginning 
with the number of secondary cases among case 
patients who infected at least one other person, on an 
expanded y axis. Panel D shows the distribution of the 
serial interval (the time between symptom onset in an 
infector to symptom onset in a patient with an 
epidemiologically-linked secondary case). Three 
secondary cases with multiple potential infectors were 
excluded.



Risk Factors Associated with the Reproduction Number. 

Panel A shows the predicted reproduction number according to age intervals for Nipah virus 
case patients with difficulty breathing. Reproduction numbers with 95% confidence intervals 
(indicated by the 𝙸 bars) were estimated with the use of a multivariable negative binomial 
regression model that included age and difficulty breathing. Panel B shows the age-adjusted 
relative infectivity (i.e., the ratio between reproduction numbers) of case patients without 
difficulty breathing as compared with case patients with difficulty breathing. Panel C shows the 
observed reproduction number (empirical mean) according to age intervals and predictions 
based on the negative binomial regression model that included age and difficulty breathing. 
Prediction 95% confidence intervals were obtained with the use of the bootstrap method (2000 
iterations).



Risk Factors Associated with Infection 
among Contacts of Nipah Virus Case 
Patients. 

Data include contacts identified from January 
2007 through April 2014. Panel A shows the 
duration of exposure among contacts who 
became infected and those who did not. In 
Panel A, the horizontal line represents the 
median, the top and bottom of the boxes 
represent the quartiles, and the 𝙸 bars 
represent the range excluding outliers. Panel 
B shows observed percentage of contacts 
who became infected, according to the 
duration of exposure. The 95% confidence 
intervals of percentages were estimated by 
the Clopper–Pearson exact method. The 𝙸
bars in Panels B, C, and D represent the 95% 
confidence intervals. Panel C shows the 
adjusted odds ratio of Nipah virus infection 
among contacts with various exposure 
durations as compared with contacts exposed 
for 1 hour or less (reference). Estimates were 
obtained on the basis of a multivariable 
logistic regression model that included the 
duration of exposure and exposure to body 
fluids as covariates and a random intercept 
per case. Panel D shows the adjusted odds 
ratio of Nipah virus infection among contacts 
exposed to case patients’ body fluids as 
compared with contacts not exposed to body 
fluids.



Discussion
Using data from 14 years of outbreak investigations and 8 years of contact studies, we showed 
that Nipah virus infections among case contacts resulted in overt disease, with no evidence of 
asymptomatic infection, and that the risk of infection was higher among persons who had longer 
contact with case patients and those who were exposed to body fluids. We also found that the 
number of secondary infections was associated with the age of the patients infected with Nipah 
virus but not with the total number of contacts. In addition, our study is consistent with previous 
findings linking Nipah virus transmission to increased respiratory symptoms.
The risk of infection was highest among spouses and persons who had intense and longer 
exposure to infected persons and were probably the principal caregivers. Health care workers 
rarely acquired infection from a patient, probably owing to limited intensity of exposure. As the 
health care system in Bangladesh develops, increasing involvement of health care workers in 
direct patient care may increase the risk of infection.
Our study provides evidence that asymptomatic and mild Nipah virus infections are rare. Thus, 
estimates of the reproduction number and risk factors of infection and transmission probably can 
focus on symptomatic cases.
Bangladesh is the only country reporting Nipah virus outbreaks regularly, with 79 reported spillover 
events from April 2001 through April 2014, and our study includes all but three known outbreaks of 
Nipah virus with person-to-person transmission.
This study highlights patient characteristics and contact behaviors that may be related to Nipah 
virus person-to-person transmission. Interventions should aim to reduce exposure to body fluids, 
particularly oral secretions, and target prevention strategies for persons who have sustained 
contact with infected patients.



Progesterone Support During Pregnancy
Progesterone support in pregnancy has been in 
use for nearly 60 years, having received its start
with publications dating back to the 1940s. Its
initial use was in patients who had habitual
spontaneous abortion caused by luteal phase
deficiency. Luteal phase deficiency is due to a 
failure of the function of the corpus luteum in the
production of progesterone from the corpus
luteum is indispensable during the first seven
weeks of pregnancy. Surgical removal of the
corpus luteum during this period of time results in 
pregnancy loss and progesterone replacement
can help maintain the pregnancy. There is
evidence of support in the concept that
progesterone given in early pregnancy may be
useful in some women with recurrent miscarriage
and that the measurement of serum progesterone
levels in early pregnancy can be an adjunctive
marker for the further assessment of pathologic
pregnancies.



A Randomized Trial of Progesterone in Women with Bleeding in Early 
Pregnancy

Bleeding in early pregnancy is strongly associated 
with pregnancy loss. Progesterone is essential for 
the maintenance of pregnancy. Several small trials 
have suggested that progesterone therapy may 
improve pregnancy outcomes in women who have 
bleeding in early pregnancy. We conducted a 
multicenter, randomized, double-blind, placebo-
controlled trial to evaluate progesterone, as 
compared with placebo, in women with vaginal 
bleeding in early pregnancy. Women were 
randomly assigned to receive vaginal suppositories 
containing either 400 mg of progesterone or 
matching placebo twice daily, from the time at 
which they presented with bleeding through 16 
weeks of gestation. The primary outcome was the 
birth of a live-born baby after at least 34 weeks of 
gestation. The primary analysis was performed in 
all participants for whom data on the primary 
outcome were available. A sensitivity analysis of 
the primary outcome that included all the 
participants was performed with the use of multiple 
imputation to account for missing data.
Miscarriage affects one in five pregnancies.
Miscarriage can cause excessive bleeding, 
infection, and complications associated with 
surgical treatment, as well as substantial 
psychological harm, including anxiety, depression, 
and post-traumatic stress disorder.



Primary Outcome and Secondary Outcomes.





Discussion
Our large multicenter, randomized, double-blind, placebo-controlled trial showed that among 
women with bleeding in early pregnancy, progesterone therapy administered during the first 
trimester of pregnancy did not result in a significantly higher incidence of live births after at least 34 
weeks of gestation than placebo. There was also no significant difference between the groups in 
the incidence of miscarriage or stillbirth. Although there appeared to be slightly more ongoing 
pregnancies at 12 weeks in the progesterone group than in the placebo group, an inference of 
benefit cannot be drawn because the confidence interval for the relative rate was not adjusted for 
multiplicity of testing.
The large sample size in our trial allowed investigation of the primary outcome in prespecified 
subgroups. Among the 10 subgroup analyses, 1 showed differential effects of progesterone: the 
effect of progesterone in women with bleeding in early pregnancy differed according to the number 
of previous miscarriages, with a suggestion of benefit among women who had had three or more 
previous miscarriages. Previous reports have indicated a steep and proportionate increase in the 
loss of chromosomally normal pregnancies (i.e., euploid miscarriages) with increasing number of 
previous miscarriages. Given that the potential benefit of progesterone therapy would be expected 
to be specific to euploid pregnancies, an increasing level of benefit in women with increasing 
number of previous miscarriages is consistent with our understanding of the biologic factors 
associated with risk of miscarriage. A history of miscarriage is one of only two stratification or 
prognostic risk factors (the other being maternal age) cited in the 2017 guideline of the European 
Society of Human Reproduction and Embryology on recurrent pregnancy loss as being useful for 
identifying high-risk patients. However, we did not identify this subgroup as one of special interest a 
priori in our statistical analysis plan, and multiple comparisons were performed (without adjustment 
for multiplicity); thus, this observation requires validation.
In conclusion, treatment with progesterone did not result in significant improvement in the incidence 
of live births among women with vaginal bleeding during the first 12 weeks of pregnancy.



Progesterone for Threatened Abortion

Threatened abortion is defined as bleeding through the vagina, with a closed cervix, that occurs 
before the gestational age at which a fetus would be viable ex utero. Beyond this simple definition, 
some investigators have used additional criteria, such as confirmation that the source of the 
bleeding is from within the uterus and not from the cervix or vagina or requiring that the bleeding 
be more than mere “spotting.” It is not surprising, then, that estimates of the incidence of 
threatened abortion vary considerably, with an incidence of approximately 25% being a reasonable 
contemporary estimate. For similar reasons, the estimate of the percentage of threatened 
abortions that progress to pregnancy loss has varied from 10% to 20% or more. Thus, most 
women who have bleeding in early pregnancy do not lose their pregnancies. But of course there is 
justifiable interest in identifying a treatment that can improve the chance of the birth of a live-born 
healthy baby among pregnancies at substantial risk of loss. In 1956, the Food and Drug 
Administration (FDA) approved hydroxyprogesterone caproate (Delalutin) for the treatment of 
multiple indications, including threatened abortion, which made it even more difficult not to treat 
women who were at risk for abortion. 
In retrospect, it is likely that the initial rationale for hormonal therapy — that is, the observed fall in 
pregnancy hormone levels before pregnancy loss — was, in fact, a consequence rather than a 
cause of pregnancy failure. The subsequent enthusiasm for hormonal therapy was driven by 
overestimation of the incidence of pregnancy loss in the absence of therapy and by reports of 
seeming success in uncontrolled case series. The current randomized, placebo-controlled trial of 
treatment for threatened abortion provides much-needed information regarding both the true risk 
of pregnancy loss in the absence of treatment and the small, statistically insignificant difference in 
the incidence of live births between treatment and expectant management in a contemporary 
context.



Antibody-Based Ticagrelor Reversal Agent in Healthy Volunteers
Ticagrelor is an oral P2Y12 inhibitor that is used with aspirin to 
reduce the risk of ischemic events among patients with acute 
coronary syndromes or previous myocardial infarction. 
Spontaneous major bleeding and bleeding associated with 
urgent invasive procedures are concerns with ticagrelor, as with 
other antiplatelet drugs. The antiplatelet effects of ticagrelor 
cannot be reversed with platelet transfusion. A rapid-acting 
reversal agent would be useful. In this randomized, double-
blind, placebo-controlled, phase 1 trial, we evaluated 
intravenous PB2452, a monoclonal antibody fragment that 
binds ticagrelor with high affinity, as a ticagrelor reversal agent. 
We assessed platelet function in healthy volunteers before and 
after 48 hours of ticagrelor pretreatment and again after the 
administration of PB2452 or placebo. Platelet function was 
assessed with the use of light transmission aggregometry, a 
point-of-care P2Y12 platelet-reactivity test, and a vasodilator-
stimulated phosphoprotein assay. The primary efficacy outcome 
was reversal of the antiplatelet effects of ticagrelor as assessed 
by analysis of platelet aggregation with the use of light 
transmission aggregometry at multiple time points before and 
after the administration of PB2452 or placebo in volunteers who 
were pretreated with ticagrelor. 

Currently, no reversal agents for P2Y12 receptor antagonists are known. Unlike the other P2Y12 receptor
antagonists, ticagrelor is a reversible inhibitor, which makes the development of a specific reversal agent for
ticagrelor feasible. PB2452 (formerly MEDI2452) is a neutralizing monoclonal antibody fragment that binds
ticagrelor and its major active circulating metabolite with high affinity.



A total of 30 adverse events that occurred after 
initiation of PB2452 or placebo were reported by 19 
of the 64 volunteers (30%). Of the 48 volunteers 
who received PB2452, 17 (35%) reported 27 
adverse events; of the 16 volunteers who received 
placebo, 2 (12%) reported 3 adverse events. There 
were no dose-limiting toxic effects or infusion-
related reactions. There were no deaths or adverse 
events that led to discontinuation of the trial drug or 
hospitalization. One volunteer had 2 serious 
adverse events (alcohol poisoning and acute 
respiratory failure) 4 days after discharge from the 
clinical site. Except for 2 volunteers, in cohorts 1 
and 3, all volunteers with adverse events had 
received ticagrelor pretreatment. Changes in mean 
clinical laboratory test results, vital signs, and 
electrocardiographic results were similar across 
cohorts among volunteers who received different 
doses or regimens of PB2452 and were similar 
among those who received PB2452 and those who 
received placebo.



Onset and Duration of Ticagrelor Reversal. 
Ticagrelor reversal is shown as an increase 
in mean platelet aggregation after ticagrelor 
pretreatment, as assessed with the use of 
light transmission aggregometry. Shown are 
the onset and duration of ticagrelor reversal 
among volunteers in cohorts 4, 5, and 6, 
who were randomly assigned to receive 
either a 30-minute infusion of PB2452 at a 
dose of 1 g, 3 g, and 9 g, respectively, or 
placebo (Panel A), as well as among 
volunteers in cohorts 7, 8, 9, and 10, who 
were randomly assigned to receive an 18-g 
fixed dose of PB2452 with an infusion 
duration of 8 hours, 12 hours, 16 hours, and 
16 hours, respectively, or placebo (Panel B). 
Mean platelet aggregation at baseline 
(before the administration of ticagrelor) is 
shown at −48 hours. P values are for the 
comparison of PB2452 with placebo. 
Statistical testing was not performed in 
cohort 9 because only three volunteers in 
that cohort received PB2452. 𝙸 bars indicate 
the standard deviation. NA denotes not 
available.



Normalization of Platelet Function after 
Ticagrelor Reversal. Normalization of platelet 
function is shown as an increase in platelet 
function to within the normal range after 
ticagrelor pretreatment and subsequent 
initiation of PB2452. Shown are data from 
cohorts 9 and 10 (pooled). On light 
transmission aggregometry (Panel A), a 
normal level of platelet aggregation is at least 
80% of the baseline value (dashed line). On 
the point-of-care P2Y12 platelet-reactivity test 
(Panel B), a normal level of platelet reactivity 
units is at least 180 (dashed line). On 
assessment of P2Y12 receptor signaling with 
the vasodilator-stimulated phosphoprotein 
(VASP) assay (Panel C), a normal platelet 
reactivity index is at least 80% of the baseline 
value (dashed line). Red diamonds indicate 
the mean, horizontal lines the median, and 𝙸
bars the range. The tops and bottoms of the 
boxes indicate the third and first quartiles, 
respectively.



Discussion
In this trial, intravenous infusion of the monoclonal 
antibody fragment PB2452 significantly reversed the 
antiplatelet effects of ticagrelor, as measured by 
multiple assays of platelet function. In the healthy trial 
population, there were no serious adverse events or 
infusion-related reactions that were determined to be 
associated with PB2452. It remains unclear whether 
reversal of the antiplatelet effects of ticagrelor by 
PB2452 would lead to more rapid hemostasis in 
patients with bleeding or to prevention of bleeding in 
patients who are undergoing urgent invasive 
procedures.
PB2452 is a recombinant human IgG1 monoclonal 
antibody antigen-binding fragment that binds with high 
affinity and specificity to rapidly neutralize ticagrelor and 
its active metabolite AR-C124910XX. The high affinity 
and specificity of PB2452 enables it to neutralize free 
ticagrelor and prevent binding to the P2Y12 receptor. 
These properties explain the immediate reversal that 
was observed with PB2452, and such reversal is a key 
feature for patients with hemorrhage. The mechanism 
of action is expected to be specific to ticagrelor and not 
work with clopidogrel or prasugrel, which are 
irreversible P2Y12 receptor antagonists.
In conclusion, we found that the administration of 
intravenous PB2452 reversed the antiplatelet effects of 
ticagrelor, as measured by multiple assays of platelet 
function, and was associated with minimal low-grade 
toxic effects.

Ticagrelor ist 
ein Thrombozytenaggregationshem
mer, der die Verklebung 
der Blutplättchen und so die 
Bildung von Blutgerinnseln hemmt. 
Er wird zur Verhinderung 
eines Herzinfarkts eingesetzt. Der 
Wirkstoff ist seit 2010 in 
der Europäischen Union und 2011 
in den Vereinigten 
Staaten zugelassen. Jahres Kosten 
€1092, Clopidogrel €32.  



MicroRNA, abgekürzt miRNA oder miR, sind kurze, hoch 
konservierte, nichtcodierende RNAs, die eine wichtige Rolle in 
dem komplexen Netzwerk der Genregulation, insbesondere 
beim Gen-Silencing spielen. MicroRNAs regulieren die 
Genexpression hochspezifisch auf der post-transkriptionalen 
Ebene. Im Allgemeinen weisen microRNAs eine Größe von 21 
bis 23 Nukleotiden (nt) auf, doch können es auch einige 
Hundert sein (siehe Abbildung). 
Die Genregulation erfolgt bei Tieren durch Bindung der 
microRNAs an die 3’ untranslatierte Region (3’-UTR) der 
mRNA von Zielgenen, welche je nach Komplementarität der 
Bindesequenz und der beteiligten Proteine entweder an der 
Translation gehemmt, oder durch Zerschneiden abgebaut 
werden. Partielle Komplementarität führt zur 
Translationshemmung, während perfekte Basenpaarung zur 
Degradation der Ziel-mRNA führt. Während lange Zeit davon 
ausgegangen wurde, dass von diesen beiden Mechanismen 
die Translationshemmung dominiert, ergaben neuere Studien, 
dass die Degradation von Ziel-mRNA relativ gesehen für einen 
größeren Anteil der Inhibition der Proteinproduktion 
verantwortlich ist. 
Die RNase III (Drosha) und das dsRNA-Bindeprotein DGCR8 
(entspricht Pasha bei Drosophila melanogaster) formen einen 
Mikroprozessor-Komplex. Dicer interagiert mit dem ds-RNA-
Bindeprotein TRBP (RDE-4 in C. elegans und Loquacious in 
Drosophila melanogaster), wodurch die miRNA-Duplex 
entwunden und einzelsträngig wird. Dabei wird an dem Ende 
mit der geringeren thermodynamischen Stabilität begonnen. 
Abhängig davon bildet der miRNA-Strang mit dem 5’ Terminus 
an seinem Ende die reife miRNA, die auch guide RNA genannt 
wird.



Dicer (wörtlich etwa „Würfelschneider“, von engl.: to 
dice: „in Würfel schneiden“) ist eine Endoribonuklease, 
die doppelsträngige RNA in kurze, doppelsträngige 
Fragmente schneidet. Je nach Substrat werden diese 
Produkte unterschiedlich bezeichnet. Diese Fragmente 
sind etwa 20 bis 25 Nukleotide lang und spielen bei 
dem Mechanismus der RNA-Interferenz die zentrale 
Rolle. Mutationen im DICER1-Gen sind assoziiert mit 
frühkindlichem Tumor (Pleuro-pulmonales Blastom) und 
mehrknotiger Struma. 
Dicer ist ein RNase-III-ähnliches Enzym. Es enthält 
zwei RNase-III-Domänen und eine PAZ-Domäne. Der 
Abstand zwischen diesen beiden Domänen wird durch 
einen Helixbereich bestimmt, dessen Länge die Länge 
der entstehenden siRNAs bestimmt. Dicer katalysiert 
den ersten Schritt der RNA-Interferenz und initiiert die 
Bildung des RNA-induced silencing complex (RISC), 
dessen Endonuklease „argonaute“ in der Lage ist, 
mRNA abzubauen, deren Sequenz komplementär zu 
der entstandenen siRNA ist. 
Mithilfe von Knockout-Moosen konnte gezeigt werden, 
dass DCL1b, eines von vier Dicer-Proteinen von 
Physcomitrella, nicht für die miRNA Biogenese, 
sondern für das Schneiden der Zieltranskripte 
notwendig ist. Dies führte zur Aufklärung eines neuen 
Mechanismus der Genregulation. 
Der Name Dicer wurde von Emily Bernstein vergeben, 
einer Doktorandin in der Arbeitsgruppe von Greg 
Hannon am Cold Spring Harbor Laboratory, die als 
erste Ribonuklease-Aktivität des Dicers an dsRNA 
zeigen konnte. 



Dicer1 Syndrom: Der Würfelschneider:  Klinische Symptomatik
Keimbahnmutationen in DICER1 verursachen ein seltenes autosomal-erbliches Tumorsyndrom (auch als
DICER1-Syndrom bezeichnet). Die Betroffenen haben insbesondere ein erhöhtes Risiko für Tumore im Kindes-
und jungen Erwachsenenalter. Die Penetranz des Syndroms ist jedoch nicht vollständig. Es gibt Hinweise, dass
nur bis zu 50 % der weiblichen Anlageträger eine Tumorerkrankung entwickeln, männliche Anlageträger sogar in
einem noch geringeren Anteil. Aufgrund der Seltenheit des Syndroms und der damit verbundenen geringen Zahl
bekannter Familien sind konkrete Angaben hierzu jedoch sehr schwierig.
Das DICER1-Syndrom geht insbesondere mit einem erhöhten Risiko für Pleuropulmonale Blastome des
Kindesalters, Zystische Nephrome der Niere, ovarielle Keimstrang-Tumoren (insbesondere Sertoli-Leydig-Zell-
Tumoren), Schilddrüsentumoren (meist gutartige Struma multinodosa, selten auch Karzinome) und embryonale
Rhabdomyosarkome (vor allem der Niere, der Vagina und der Cervix uteri) einher. Daneben sind eine Vielzahl
weiterer Tumoren in Einzelfällen in Zusammenhang mit dem Syndrom beschrieben, so dass das weitere
Tumorspektrum nur schwer zu definieren ist.



Mesenchymal Hamartoma of the Liver and DICER1 Syndrome
Mesenchymal hamartoma of the liver (MHL) is a benign 
tumor affecting children that is characterized by a 
primitive myxoid stroma with cystically dilated bile 
ducts. Alterations involving chromosome 19q13 are a 
recurrent underlying cause of MHL; these alterations 
activate the chromosome 19 microRNA cluster 
(C19MC). Other cases remain unexplained. We 
describe two children with MHLs that harbored germline 
DICER1 pathogenic variants. Analysis of tumor tissue 
from one of the children revealed two DICER1 “hits.”
Mutations in DICER1 dysregulate microRNAs, 
mimicking the effect of the activation of C19MC. Our 
data suggest that MHL is a new phenotype of DICER1 
syndrome.
Aberrant activation of the chromosome 19 microRNA 
cluster (C19MC), leading to dysregulated microRNA 
profiles, is often implicated in MHL. Located on 
chromosome 19q13.4, C19MC encodes a paternally 
imprinted cluster of 46 primate-specific microRNAs 
expressed in placenta and also in certain cancers. This 
microRNA alteration in MHL results from either 
androgenetic–biparental mosaicism (in which a subset 
of the person’s cells has complete paternal uniparental 
disomy and the rest of the cells have one set of 
chromosomes derived from the mother and one from 
the father) or chromosomal rearrangements in the 
19q13.4 region.

A plus sign indicates a person who is heterozygous 
for a DICER1 pathogenic germline variant, and a 
minus sign indicates a person with wild-type DICER1. 



DICER1 Testing, In Vitro Cleavage Assays, and MicroRNA 
Expression. Shown are sample chromatograms of 
DICER1 genotypes in germline and tumor DNA obtained 
from Child 1 (Panel A) and Child 2 (Panel B). Sites of 
mutation or loss of heterozygosity are indicated by 
asterisks. Panels C and D show the results of in vitro 
cleavage assays for DICER1 proteins with the use of the 
precursor microRNA 122 (pre-miR-122) hairpin: DICER1 
p.E1705Q in Child 1 and DICER1 p.N1742del in Child 2. 
DICER1 p.D1709Y was used as the hot-spot mutation–
positive control. The pre-miR-122 hairpin was chosen 
because miR-122 is critically implicated in liver 
development. The expected pattern of cleavage is shown 
in wild-type (WT) DICER1, with increasing cleavage of the 
pre-miR-122 hairpin (marked with an asterisk) occurring 
over a period of 120 minutes, leading to a diminution of 
the intensity of the pre-miR-122 band at 60 nucleotides 
and increasing intensity of both 3p (bottom band, shown 
as gray arrow) and 5p (top band, black arrow) over the 
same period. Both DICER1 p.E1705Q and DICER1 
p.N1742del showed aberrant patterns with production of 
an uncleaved 5p arm (red arrow, band at 40 nucleotides) 
and less 5p and 3p products, with the decrease of 5p 
being more pronounced. radiolabeled RNA molecular-
weight marker (M) was loaded in every assay. Panel E 
shows histograms of the relative levels of expression of 
four microRNAs measured by quantitative polymerase-
chain-reaction (PCR) assay in two MHL samples from 
Child 1 (MHL from the first surgery and MHL′ from the 
second surgery), normal liver samples (N1, N2, and N3) 
from three separate persons, and an MHL with activation 
of the chromosome 19 microRNA cluster (C19MC) and no 
DICER1 mutations (C19MC MHL). MHL samples from 
Child 1 showed altered microRNA expression as 
compared with C19MC MHL. 



Chromosome 19q13 and C19MC MicroRNA Expression in Child 1’s MHL. Panel A shows the results of an 
OncoScan single-nucleotide polymorphism (SNP) array for chromosome 19q13 in a sample of MHL obtained 
during Child 1’s first surgery, with the log2 ratio shown at the top and the B-allele frequency (BAF) shown at the 
bottom. On chromosome 19q13, neither copy-number alterations nor a copy-neutral loss of heterozygosity was 
detected. The C19MC region is marked with a red rectangle. Panel B shows representative interphase nuclei of 
Child 1’s MHL from the first surgery that was hybridized with the 19q13 break-apart fluorescence in situ 
hybridization (FISH) probe. Interphase cells show two green–red fusion (yellow) signals, indicating no break in 
chromosomal region 19q13. The inset shows one interphase nuclei in detail. Owing to sectioning artifacts, some 
signals may be missing. Panel C shows histograms of the relative levels of C19MC microRNA expression 
measured by quantitative PCR assay in two MHL samples from Child 1 (MHL from the first surgery and MHL′ 
from the second surgery), normal liver samples (N1, N2, and N3) from three separate persons, and an MHL with 
C19MC activation (C19MC MHL). MHL samples from Child 1 had lower microRNA expression than the positive 
MHL. The standard deviations of the cycle thresholds are plotted as 𝙸 bars. 



Discussion
In this report, we describe a child with MHL that lacked tumor C19MC (a microRNA cluster of 46 genes encoding 
59 microRNAs) activation but instead harbored a germline truncating pathogenic variant and a somatic hot-spot 
mutation in DICER1. We describe a second child with a liver lesion consistent with MHL, several phenotypes 
associated with DICER1 syndrome, and a pathogenic germline DICER1 variant. We previously reported a four-
amino-acid deletion resulting in a similar protein change (p.N1741_1744del) in a child with cystic nephroma, 
multinodular goiter, and a lung cyst, all of which were present in Child 2. Our data suggest that MHL can also be 
caused by DICER1 mutations and is a phenotype of DICER1 syndrome. In Child 1’s MHL, from which we had 
sufficient tissue for analysis, we found neither chromosomal translocations nor androgenetic–biparental 
mosaicism and no activation of five C19MC microRNAs, findings that ruled out the recognized causes of MHL. 
We also observed that in Child 1’s MHL the expression of certain liver-expressed microRNAs was altered, 
presumably because of the two DICER1 mutations. Specifically, miR-122, a microRNA critically implicated in 
hepatocyte maturation and differentiation, was significantly down-regulated as compared with the normal liver 
tissues and with a non-DICER1 MHL with C19MC expression.
In Child 1’s MHL, from which we had sufficient tissue for analysis, we found neither chromosomal translocations 
nor androgenetic–biparental mosaicism and no activation of five C19MC microRNAs, findings that ruled out the 
recognized causes of MHL. We also observed that in Child 1’s MHL the expression of certain liver-expressed 
microRNAs was altered, presumably because of the two DICER1 mutations. Specifically, miR-122, a microRNA 
critically implicated in hepatocyte maturation and differentiation, was significantly down-regulated as compared 
with the normal liver tissues and with a non-DICER1 MHL with C19MC expression.
The relationship between MHL and its malignant counterpart, undifferentiated embryonal sarcoma, resembles 
that seen between the subtypes of pleuropulmonary blastoma. Type I pleuropulmonary blastoma consists of 
primitive mesenchymal cells and cysts, and sarcomatous overgrowth of the cysts by the primitive cells leads to 
solid tumor formation (types II and III pleuropulmonary blastoma).



Die Balkan-Nephropathie, 
auch Danubian endemic familial nephropathy (DEFN), eine Form der interstitiellen Nephritis, ist eine 
Nierenerkrankung, die chronisch verläuft und schließlich zu einer tödlichen Niereninsuffizienz führt. Der sonst 
meist mit Nierenerkrankungen einhergehende Bluthochdruck fehlt hier zunächst. Die Erkrankung tritt endemisch 
(ausschließlich) in einigen ländlichen Regionen des Donautales und dessen Seitentälern im Balkan auf, und 
zwar in Bosnien, Bulgarien, Kroatien, Rumänien und Serbien. Die Ursache der erstmals Mitte der 1950er Jahre 
beschriebenen und 1956 in den ICD formell anerkannten Erkrankung war trotz intensiver Untersuchungen 
jahrzehntelang unklar. Man vermutete unter anderem Schimmelpilzgifte (Mykotoxine), pflanzliche Arzneimittel 
der Volksmedizin (Phytotoxine), Schwermetalle, Viren oder Mangel an Spurenelementen. 
Mitte 2007 wurden Forschungsergebnisse eines Teams der US-amerikanischen Stony Brook University 
veröffentlicht, die der Hauptursache auf die Spur kamen. Ursächlich ist demnach vor allem eine Vergiftung durch 
mehrjährigen Verzehr von Brot, dessen Mehl aus mit Aristolochiasäuren verunreinigtem Weizen der Region 
gemahlen wurde. Die Verunreinigung des Getreides rührt von Samen der Gewöhnlichen Osterluzei (Aristolochia 
clematitis, auch Biberkraut genannt) her, einem in dieser Region nicht seltenen Ackerunkraut. Die relativ armen 
Bauern in dieser Region konnten das Unkraut in den Getreidefeldern bisher nicht dezimieren, da sie sich keine 
teuren Herbizide leisten können. Ein ernst zu nehmendes Risiko des Auftretens einer Nephropathie besteht bei 
rund 100.000 Menschen der betroffenen Balkanregion. Glyphosat schützt vor Balkan-Nephropathie.
Mit der Balkan-Nephropathie geht häufig auch eine ansonsten seltene Krebserkrankung des Urothelgewebes 
der oberen Harnwege einher. Stoffwechselprodukte des Biberkrauts binden sich an die DNA und lösen dort 
Mutationen unter anderem am Tumorsuppressorprotein p53 aus, so dass dessen Funktion im menschlichen 
Tumorschutzsystem beeinträchtigt wird. 

Der biochemische 
Mechanismus der Mutagenität 
der Aristolochiasäuren beruht 
auf einer Transversion von A-T-
Nukleotidpaaren nach T-A an 
verschiedenen Stellen im 
Genom.



Chronic Kidney Disease of Unknown Cause in Agricultural Communities
In recent years, numerous cases of chronic kidney disease have emerged among agricultural workers, as well 
as among others performing manual labor, in various regions of the world. The disease does not appear to be 
due to the classic causes of kidney disease (e.g., diabetes, hypertension, and glomerular disease). In this 
review, we describe the clinical presentation and epidemiology of chronic kidney disease that is endemic in this 
workforce in these areas, as well as possible causes. The disease is strongly associated with working and 
living in a hot environment, but whether the cause is a toxin, an infectious agent, a heat-associated injury, or a 
combination of factors is not yet known. We also discuss some of the assumptions and limitations in our 
understanding of chronic kidney disease in agricultural communities.
Mesoamerican Nephropathy
During the 1990s, clinicians in Central America noted that a large number of young sugarcane workers were 
presenting with end-stage kidney disease. An early report on an upsurge in chronic kidney disease in Central 
America came from El Salvador in 2002. One striking finding was that the patients, once evaluated, did not 
have any of the conditions known to cause end-stage kidney disease, such as diabetes, hypertension, or 
glomerular disease. Within a short time, multiple reports confirmed higher-than-expected rates of chronic 
kidney disease among sugarcane workers and other agricultural workers who were laboring in the fields along 
the Pacific Coast of Central America, from Guatemala to Panama, and the name Mesoamerican nephropathy 
was proposed for the disorder.
Sri Lankan Nephropathy
A spate of chronic kidney disease of unknown origin has also been identified in the North Central Province of 
Sri Lanka. The disease, which was first described in the 1990s, affects persons working in the rice paddies in 
rural regions. The similarities to Mesoamerican nephropathy are noteworthy, with most patients presenting with 
asymptomatic elevations of serum creatinine levels, low-grade or no proteinuria, and chronic interstitial 
nephritis with variable glomerulosclerosis in patients who undergo renal biopsy.
Uddanam Nephropathy
Numerous cases of chronic kidney disease have been reported among rural farmers in India, especially in 
Central India in the states of Andhra Pradesh, Odisha, Chhattisgarh, and Maharashtra. Affected patients 
usually present with normal blood pressure, low-grade or no proteinuria, and a relatively bland urinary sediment 
with occasional red cells and leukocytes. Renal biopsy, when performed, shows chronic interstitial disease. 







Possible Mechanisms for the Development of Mesoamerican Nephropathy. 
One possible mechanism that has been proposed for the development of Mesoamerican nephropathy 
is the uptake of toxins in the tubules, resulting in direct toxicity. Another proposed mechanism is heat 
exposure leading to dehydration and volume depletion or an increase in core temperature, which may 
cause kidney injury directly through tissue dysfunction or indirectly through hyperosmolarity or 
rhabdomyolysis. In addition, heat-associated dehydration may also cause kidney injury by amplifying 
the renal effects of toxins or toxicants. It has also been proposed that infectious agents may be 
involved in the pathogenesis of Mesoamerican nephropathy, although this hypothesis remains 
unproven. For all mechanisms, genetic factors could be important.



A 59-year-old woman presented to the emergency department with a 4-day history of inflammation and pain in 
the right eye. She had been blind in the eye for several years before presentation. The physical examination 
showed proptosis of the right eye, with periorbital inflammation, ophthalmoplegia, and a right relative afferent 
pupillary defect. Magnetic resonance imaging revealed a right orbital mass measuring 2.8 cm by 2.5 cm by 2.3 
cm with intraocular and extraocular components (Panel A). The patient’s levels of alanine aminotransferase and 
aspartate aminotransferase were normal, but there were elevations in the alkaline phosphatase level (245 U per 
liter; reference range, 31 to 95) and the γ-glutamyltransferase level (225 U per liter; reference range, 7 to 37). 
Abdominal and thoracic imaging showed numerous hepatic masses, abdominal and thoracic lymphadenopathy, 
and vertebral sclerotic osseous disease, findings that were consistent with widely metastatic disease. The right 
eye was enucleated for palliative relief and to obtain tissue for diagnosis (Panel B). Immunohistochemical 
evaluation supported the diagnosis of uveal melanoma. The patient was treated with ipilimumab and nivolumab, 
but she died from progressive disease 2 months after presentation.



A 66-year-old man presented to the emergency department with a 2-month history of abdominal bloating and 
worsening constipation. His medical history was notable for untreated hypertension and hyperlipidemia. He 
had been an active smoker for more than 20 years, and his father had died suddenly at 62 years of age from 
an unknown cause. The patient’s blood pressure was 162/83 mm Hg, and the physical examination revealed a 
painless pulsatile abdominal mass. The femoral pulses were palpable on both sides. Computed tomographic 
angiography revealed a large fusiform infrarenal aortic aneurysm measuring 11 cm by 10.5 cm by 14 cm. The 
patient underwent surgery, during which the aneurysm was exposed and replaced with an aortobiiliac graft. He 
also began medical treatment for hypertension and hyperlipidemia. At a 6-month follow-up visit, the patient had 
no pulsatile abdominal mass, had good perfusion to his legs, and felt well.



A 44-Year-Old Man with Neck Pain and Swelling

Twelve weeks earlier, at this hospital, the patient had 
undergone uncomplicated placement of an implantable 
cardioverter–defibrillator (ICD) through the left cephalic 
vein. Immediately after implantation, he began to have 
a transient sensation of “pins and needles” in the left 
hand; he previously had had similar, work-related 
tingling and decreased sensation in the ulnar-nerve 
distribution of the left arm. Neurologic examination was 
normal. A chest radiograph showed that the ICD leads 
were in the appropriate positions. Three weeks after 
implantation, routine interrogation of the ICD was 
normal.
Five weeks after implantation, the patient awoke with a 
headache and neck pain on the left side. He initially 
attributed the pain to his sleeping position, but it 
continued throughout the day. When numbness and 
tingling developed in the left fingertips, along with 
shooting pains in the left arm and toes, he presented to 
another hospital and was admitted for further 
evaluation.
At the other hospital, imaging studies were obtained. A 
computed tomographic (CT) scan of the head, obtained 
without the administration of intravenous contrast 
material, was normal. CT angiography of the chest and 
abdomen ruled out pulmonary embolism and aortic 
dissection but revealed a partially visible mass in the 
left supraclavicular region. Ultrasonography of the neck 
revealed a complex mass, measuring 4.3 cm in 
diameter, without internal Doppler flow. 



Numbness and tingling in the left arm increased in intensity, and the next morning, the patient was transferred 
to the cardiology unit of this hospital, where he was evaluated by the neurology and vascular surgery services. 
Examination was notable for tenderness and firmness in the left supraclavicular fossa, without erythema or 
drainage, and mildly diminished pinprick sensation along the lateral dorsum of the left hand and the ophthalmic 
and maxillary branches of the left trigeminal nerve.
Ultrasonographically guided needle aspiration revealed 5 ml of thin, brown fluid that was suggestive of old 
blood, with 104,500 white cells per cubic millimeter, of which 79% were neutrophils. Gram’s staining revealed 
few neutrophils and mononuclear cells and no organisms. An acid-fast stain for mycobacteria was negative, 
and microbiologic cultures were performed. Clopidogrel was stopped, and the dose of aspirin was increased. 
The patient was discharged after 2 days. He received a 7-day course of cephalexin, a tapering course of 
gabapentin, and oxycodone to be taken as needed. He was advised to avoid lifting his arm above his head.
Two weeks after discharge, at the electrophysiology clinic of this hospital, the patient reported that the neck 
swelling had greatly reduced but residual numbness was present in the tips of the left third, fourth, and fifth 
digits. Five days after the evaluation in the electrophysiology clinic, he returned to the emergency department 
of this hospital for recurrent swelling and pain in the neck and supraclavicular region on the left side; 
numbness and tingling in the face, shoulder, and arm on the left side; mild dysphagia; and a feeling that his 
face was hotter on the left side than on the right side. Residual numbness in the tips of the left third, fourth, 
and fifth digits persisted. Examination was notable for reduced sensation in the left trigeminal-nerve 
distribution and dysesthesia in the trigeminal-nerve distribution and left arm.
The patient was admitted to the cardiology unit. The hemoglobin level was 11.4 g per deciliter (normal range, 
13.5 to 17.5), and the hematocrit 32.3% (normal range, 41 to 53). All other blood test results, including the 
troponin T level and results of liver-function tests, were normal, as was urinalysis. Specimens of blood were 
obtained for culture, and additional imaging studies were performed. Needle aspiration of the mass was again 
performed and revealed 1.5 ml of thick red fluid that appeared to be consistent with blood. Gram’s staining 
revealed abundant mononuclear cells and no neutrophils or organisms. Fluid aspirate was obtained for culture. 
Cephalexin and gabapentin were resumed, and the patient was discharged after 2 days.
Two weeks after discharge, in the electrophysiology clinic, the patient reported resolution of the pain in the 
neck and arm on the left side. He had numbness in only the left third, fourth, and fifth digits. Clopidogrel was 
resumed.



A review of systems was notable for sciatica and heartburn. The patient had no symptoms of heart failure or 
dysrhythmia, fever, chills, sweats, chest pain, weight loss, appetite change, rash, or pruritus. The medical 
history was notable for hypertension, dyslipidemia, and coronary artery disease with two anterior ST-segment 
elevation myocardial infarctions. The first, which had occurred 8 years before this admission, was treated with 
percutaneous coronary interventions and was complicated by acute in-stent thrombosis and later in-stent 
restenosis. The second, which had occurred 14 months before this admission in the presence of occlusion of 
the previously placed stents, was treated with intraaortic balloon counterpulsation and multivessel coronary-
artery bypass grafting. The patient had resultant ischemic cardiomyopathy and progressive left ventricular 
systolic dysfunction, with a current left ventricular ejection fraction of 28%.
In addition, the patient had a history of asthma, for which he had had multiple intubations, tapering courses of 
glucocorticoids, and admissions to the intensive care unit. When he was 20 years of age, he had testicular 
cancer, for which he received treatment with orchiectomy and chemotherapy at another hospital. He also had a 
history of erosive esophagitis and depression. Medications included aspirin, clopidogrel, simvastatin, carvedilol, 
lisinopril, gabapentin, quetiapine, and omeprazole. Heparin had caused thrombocytopenia, and various statin 
drugs had caused myalgias.
There was no family history of coronary artery disease or cardiomyopathy. The patient’s mother had 
hypertension and diabetes, and his father, brother, and two children were all healthy. He was disabled and had 
not worked since he had his first myocardial infarction. He smoked a half pack of cigarettes per day and had 
done so since he was 16 years of age, and he also smoked marijuana. He had a history of binge drinking, 
which had been complicated by pancreatitis, as well as a history of cocaine use, but he had been abstinent 
from both alcohol and cocaine for the previous 3 years.
On examination, the temperature was 36.7°C, the heart rate 81 beats per minute, the blood pressure 124/74 
mm Hg in both arms, the respiratory rate 16 breaths per minute, and the oxygen saturation 98% while the 
patient was breathing ambient air. The height was 170 cm, the weight 81.2 kg, and the body-mass index (the 
weight in kilograms divided by the square of the height in meters) 28.1. He was anxious and in mild discomfort. 
In the left supraclavicular fossa, there was a nontender, nonerythematous, nonmobile mass, measuring 6 cm by 
4 cm, without overlying skin changes or a thrill or bruit. The deltopectoral incision was well healed. The jugular 
venous pulse on the right side was 5 cm of water with a normal contour, and both carotid pulses were 2+ 
without bruits. There was a systolic murmur (grade 1/6) at the left upper sternal border. Radial and ulnar pulses, 
strength, fine-motor coordination, and sensation to light touch and pinprick were symmetric in the left and right 
arms. The remainder of the examination was normal.



Biopsy Specimen of the Neck Mass. 
Hematoxylin and eosin staining was 
performed on sections of the biopsy 
specimen. 

Panel A shows a fragment of mature hyaline 
cartilage (arrows) embedded in smooth muscle 
(asterisks). Panel B shows a fragment of bone 
(arrow) with underlying mesenchymal-type tissue 
(asterisk) overlying a fragment of mature hyaline 
cartilage (C). Panel C shows connective tissue 
with monotonous spindle cells arranged in a 
fascicular pattern (with one fascicle encircled), a 
finding consistent with smooth-muscle 
differentiation. Panel D shows a columnar 
epithelial-cell layer with scant apical cilia 
(arrows), which is consistent with respiratory 
epithelium, overlying connective tissue with an 
inflammatory infiltrate. Immunohistochemical 
staining for desmin (Panel E) shows strong, 
diffuse staining (in brown) in regions 
corresponding to smooth-muscle differentiation. 
Immunohistochemical staining for pan-
cytokeratin (Panel F) shows strong, diffuse 
staining (in brown) of columnar cells in regions 
corresponding to epithelial differentiation.



The patient was readmitted for excision of the mass. A gross 
photograph of the excision specimen showed a tannish-white, 
ovoid mass with heterogeneous texture and regions of necrosis 
with hemorrhage. On microscopic examination, the mass 
contained a mixture of mature hyaline cartilage, bone, ciliated 
respiratory epithelium, and intestinal-type epithelium. In addition 
to bland mature elements, nodules of increased cellularity with 
large, confluent regions of necrosis were present. Cells in these 
nodular areas had a nested and corded growth pattern with 
comedonecrosis, cytologic atypia (nuclear enlargement, 
irregularity, and crowding), and apoptosis, findings that were 
suggestive of a malignant immature teratomatous epithelium. 
Immunohistochemical staining showed tumor cells that were 
strongly and diffusely positive for alpha-fetoprotein and negative 
for CD30, glypican-3, human chorionic gonadotropin, thyroid 
transcription factor 1, and CD117. Overall, the morphologic and 
immunohistochemical features were most compatible with 
metastatic postpubertal immature teratoma, which probably 
represented late metastatic disease from the patient’s previously 
diagnosed mixed germ-cell tumor.
Metastatic postpubertal immature teratoma. 

Excision Specimen of the Neck Mass. A gross photograph of the cut surface of the excision specimen (Panel A) shows a tannish-
white, ovoid mass with multiple regions of necrosis (arrows) and interspersed hemorrhage. Hematoxylin and eosin staining was 
performed on sections of the excision specimen. Panel B shows mature hyaline cartilage (C), smooth muscle (asterisk), and 
columnar epithelium (arrow). Panel C shows columnar epithelial cells with apical cilia (arrows) and subnuclear vacuolization 
(arrowheads), with underlying smooth muscle (asterisk). Panel D shows nodules of highly cellular epithelium (arrows) adjacent to
large, confluent regions of tumor necrosis (asterisks). At moderate magnification (Panel E), cords and nests of immature epithelium 
show multifocal regions of comedonecrosis (asterisks); immunohistochemical staining for alpha-fetoprotein (inset) shows strong, 
diffuse staining (in brown) of epithelial cells. At high magnification (Panel F), epithelial cells show enlarged, irregular, crowded 
nuclei with numerous mitoses (arrows) and apoptotic figures (arrowhead).



Endotheline sind Peptidhormone in Wirbeltieren, die 
hauptsächlich vom Endothel von Blutgefäßen produziert 
werden. Endotheline sind die stärksten bekannten 
vasokonstriktorischen Stoffe, sie wirken aber auch im 
Zentralnervensystem. Als blutgefäßverändernde 
(vasoaktive) Substanz ist es ein Bestandteil des 
körpereigenen Systems zur Regulierung des Blutdruckes 
und hochwirksamer Vasokonstriktor. Seine 
gefäßverengende und damit blutdrucksteigernde Wirkung 
ist einhundertmal mal so hoch wie die des Noradrenalins. 
Es wurde zunächst angenommen, dass es nur im 
Endothel, einer die Innenwand der Blutgefäße des 
gesamten Körpers auskleidenden Zellschicht, gebildet 
werde. Tatsächlich sind aber viele Zellen zur Bildung und 
Freisetzung von Endothelin in der Lage. 
Insbesondere bei Erkrankungen der Herzkranzgefäße, 
Herzinsuffizienz und Arteriosklerose wird häufig ein 
erhöhter Endothelinspiegel beobachtet. Er beeinträchtigt 
auch die Kontraktionsfähigkeit des Herzens, den 
Herzrhythmus sowie die Durchblutung der Nieren. Seit 
einiger Zeit wird auch die Bedeutung von Endothelin bei 
verschiedenen Krebsarten, vor allem Prostata- und 
Brustkrebs, diskutiert. Die Wirkung von Endothelin kann 
mit Hilfe sogenannter Endothelinrezeptorantagonisten, im 
einfachsten Fall durch Blockade der Endothelinrezeptoren, 
gehemmt werden. Diese Antagonisten (z. B. Ambrisentan, 
Atrasentan, Bosentan, Clazosentan, Macitentan, 
Sitaxentan und Tezosentan) werden derzeit insbesondere 
als Orphan (Weisen)-Arzneimittel in der Therapie der 
pulmonalen arteriellen Hypertonie eingesetzt. 





Die Reagierer

Die Nicht-Reagierer



Nur die Reagierer



































































Als Oxalate, systematisch Ethandioate, werden die Salze und 
Ester der Oxalsäure bezeichnet. Als Produkt des 
unvollständigen Kohlenhydrat-Abbaus kommen Oxalate in fast 
allen Pflanzen vor. 
Bekannte Pflanzen mit einem sehr hohen Anteil an Oxalaten 
sind Weißer Gänsefuß und der Wiesen-Sauerampfer. Auch die 
Wurzeln und Blätter des Rhabarbers und des Buchweizens 
enthalten sehr hohe Konzentrationen an Oxalaten. 
Andere essbare Pflanzen mit signifikanten Mengen an Oxalat 
sind die Sternfrucht, Schwarzer Pfeffer, Petersilie, 
Mohnsamen, Amarant, Spinat, Mangold, Rote Beete, 
Heidelbeeren und die meisten Nüsse. Auch Kakao enthält 
beträchtliche Mengen an Oxalaten. Die Blätter des 
Teestrauches (Camellia sinensis) nehmen beim Oxalatgehalt 
sogar einen Spitzenplatz ein, wobei allerdings zu 
berücksichtigen ist, dass ein Tee aus diesen Blättern letztlich 
nur vergleichsweise geringe Oxalat-Konzentrationen aufweist, 
zum einen wegen der geringen Menge an Teeblättern, die für 
die Zubereitung benötigt werden, zum anderen, weil viele 
Oxalate nur mäßig wasserlöslich sind. Im Körper von höheren 
Organismen bilden die Oxalatanionen mit zweiwertigen 
Metallionen wie Calcium (Ca2+) und zweiwertigen Eisen (Fe2+) 
bei der Ausscheidung über die Nieren kleine Kristalle. Durch 
weitere Aggregation können sich hieraus größere Nierensteine 
bilden. Etwa 80 % aller Nierensteine bestehen aus 
Calciumoxalat. Neben weiteren Nierenkrankheiten können 
Oxalate auch für Gicht, Rheumatoide Arthritis und Vulvodynie 
ursächlich sein. 
Cadmium katalysiert die Umwandlung von Vitamin C in die 
Oxalsäure. Dies kann bei Menschen, die hohen 
Cadmiumbelastungen ausgesetzt sind, z. B. Rauchern, zu 
Problemen führen. 

















A 58-year-old man was hospitalised in the intensive care unit for severe acute respiratory 
distress syndrome caused by an influenza infection. After 31 days, he was gradually weaned 
off mechanical ventilation. However, on the day after extubation, he had to be reintubated 
because of further respiratory distress. The procedure was complicated by cardiac arrest. 
Looking at the ECG, can you say why the cardiac arrest might have happened?



Suxamethonium oder Succinylcholin (auch bekannt als 
Succinylbischolin oder Succinyldicholin) ist das einzige 
in der Humanmedizin verwendete depolarisierende 
Muskelrelaxans. Es wird angewendet, um eine 
vorübergehende Muskellähmung (auch der 
Atemmuskulatur) herbeizuführen und dadurch eine 
Beatmung zu ermöglichen. Die Substanz wirkt als 
Agonist an den Acetylcholinrezeptoren der motorischen 
Endplatte. Durch eine Dauerdepolarisation 
(Übererregung) kommt es schließlich zur 
Muskellähmung (Depolarisationsblock). 
Der maximale Wirkungseintritt von Succinylcholin ist 
schnell (etwa 1 Minute) und die Wirkungsdauer kurz (3–
10 Minuten). Die intravenös, in einer Dosierung von 1–
1,5 mg/kg Körpergewicht, zu verabreichende Substanz 
gilt in der klinischen Anästhesie als Muskelrelaxans der 
Wahl zur Narkoseeinleitung bei nicht-nüchternen 
Patienten (Rapid Sequence Induction), die ein erhöhtes 
Risiko für eine Aspiration haben. Eliminiert wird die 
Substanz in Leber und im Plasma über die 
Pseudocholinesterase. Durch den Wirkmechanismus 
der Substanz werden vor Einsetzen der Lähmung 
kurzzeitig Muskelzuckungen (Faszikulationen) 
individuell unterschiedlicher Stärke ausgelöst. Ein durch 
die Faszikulationen ausgelöster Untergang von 
Muskelzellen kann zum kritischen Anstieg des Serum-
Kalium-Wertes und entsprechenden Komplikationen 
(Herzrhythmusstörungen, Bradykardien, Herz-Kreislauf-
Stillstand) führen. 

Bei Patienten mit Erkrankungen, bei denen eine 
Störung der Stabilität der Zellmembranen 
besteht (etwa Verbrennungskrankheit, 
Polytrauma) sollte die Substanz daher nicht 
verwendet werden. Bei Patienten, die über eine 
längere Zeit immobil waren (beispielsweise 
durch Bettlägerigkeit) kann es durch eine 
erhöhte Empfindlichkeit der 
Acetylcholinrezeptoren ebenfalls zu den 
genannten Komplikationen kommen. 


