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A 96-year-old woman presented to the emergency department with a 1-day 
history of pleuritic chest pain 4 days after a single-chamber transvenous 
pacemaker had been implanted. A chest radiograph and computed tomographic 
scan of the chest showed the tip of the right ventricular lead in the left pleural 
space. What rhythm does the electrocardiogram show? 

Atrial fibrillation
Complete heart block
Second degree heart block
Ventricular-paced rhythm
Wandering atrial pacemaker

The electrocardiogram showed complete heart block with an 
atrial rate of 84 beats per minute, a junctional escape with a 
right bundle-branch block and a rate of 42 beats per minute, 
and pacing spikes without ventricular capture. A diagnosis of 
pacemaker-lead dislodgement with cardiac perforation was 
made. A percutaneous lead revision was performed urgently 
and the patient was discharged home 3 days after 
presentation. 



CRISPR gene editing standing for "Clustered Regularly 
Interspaced Short Palindromic Repeats" is a genetic 
engineering technique in molecular biology by which 
the genomes of living organisms may be modified. It is 
based on a simplified version of the bacterial CRISPR-
Cas9 antiviral defense system. By delivering the 
Cas9 nuclease complexed with a synthetic guide 
RNA (gRNA) into a cell, the cell's genome can be cut at 
a desired location, allowing existing genes to be 
removed and/or new ones added.

Protospacer Adjacent Motif





BCL11A ist ein Transkriptionsfaktor, der die Expression von 
Gamma-Globin, einem Bestandteil des fetalen Hämoglobins, 
hemmt. Die Bildung von fetalem Hämoglobin hört 
normalerweise nach der Geburt auf. Durch die Abschaltung von 
BCL11A soll es reaktiviert werden.



Exagamglogene autotemcel (exa-cel) is a nonviral cell therapy designed to reactivate fetal hemoglobin synthesis by means 
of ex vivo clustered regularly interspaced short palindromic repeats (CRISPR)–Cas9 gene editing of autologous CD34+ 
hematopoietic stem and progenitor cells (HSPCs) at the erythroid-specific enhancer region of BCL11A. We conducted a 
phase 3, single-group, open-label study of exa-cel in patients 12 to 35 years of age with sickle cell disease who had had at 
least two severe vaso-occlusive crises in each of the 2 years before screening. CD34+ HSPCs were edited with the use of 
CRISPR-Cas9. Before the exa-cel infusion, patients underwent myeloablative conditioning with pharmacokinetically dose-
adjusted busulfan. The primary end point was freedom from severe vaso-occlusive crises for at least 12 consecutive 
months. A key secondary end point was freedom from inpatient hospitalization for severe vaso-occlusive crises for at least 
12 consecutive months. The safety of exa-cel was also assessed.



Methods
Patients, Study Design, and Oversight
We are conducting this ongoing phase 3, open-label, single-dose, 2-year study of exa-cel (CLIMB SCD-121) at 16 sites in 
Belgium, Canada, France, Germany, Italy, the United Kingdom, and the United States. Patients 12 to 35 years of age 
with a confirmed diagnosis of severe sickle cell disease and a history of at least two vaso-occlusive episodes per year 
during the 2 years before screening were eligible. 
Autologous CD34+ HSPCs were obtained after plerixafor mobilization of HSPCs, followed by apheresis for up to 3 
consecutive days for each episode in which the cells were obtained. Exa-cel was manufactured from these CD34+ cells 
with the use of CRISPR-Cas9, with a single-guide RNA molecule selectively targeting the BCL11A erythroid-specific 
enhancer.23 Before the exa-cel infusion, patients received myeloablative conditioning with pharmacokinetically 
adjusted single-agent busulfan for 4 days.
Exa-cel was administered intravenously through a central venous catheter at least 48 hours, but no more than 7 days, 
after the completion of the busulfan infusion. Additional details about study eligibility, mobilization of HSPCs, the 
myeloablative busulfan conditioning regimen, and exa-cel manufacturing are provided. 
The study was designed by Vertex Pharmaceuticals and CRISPR Therapeutics in collaboration with the steering 
committee. Each patient or the patient’s legal guardian provided written informed consent, with assent obtained when 
appropriate. An independent data monitoring committee is reviewing safety data throughout the study.
End-Point Measures
The primary end point was freedom from any severe vaso-occlusive crises for at least 12 consecutive months. A severe 
vaso-occlusive crisis was defined as an event of acute pain that led to a visit to a medical facility and the administration 
of pain medications (opioids or intravenous nonsteroidal antiinflammatory drugs) or red-cell transfusion, acute chest 
syndrome, priapism that lasted for more than 2 hours

https://www.nejm.org/doi/full/10.1056/NEJMoa2309676


Results
Evaluation of Off-Target Editing
Preclinically, the precision of CRISPR-Cas9 
gene editing at the BCL11A locus was assessed 
by means of orthogonal off-target evaluation 
methods. Yen et al. found no evidence of off-
target editing in CD34+ HSPCs of eight healthy 
donors and three donors with sickle cell 
disease.
Population and Engraftment Characteristics
Enrollment has now been completed, with 63 
patients enrolled. The first patient was 
enrolled on November 27, 2018. As of June 
14, 2023, a total of 58 patients had started 
mobilization, 44 of whom had completed 
myeloablative busulfan conditioning and 
received exa-cel (full analysis population). A 
total of 40 patients (91%) had the βS/βS 
genotype, 3 (7%) had the βS/β0 genotype, and 
1 (2%) had the βS/β+ genotype. Twelve 
patients (27%) were 12 to 17 years of age



Primary and Key Secondary Efficacy Results in Patients in the 
Primary Efficacy Population and the Early Efficacy Population.



Grade 3 or 4 Adverse Events after Exa-Cel 
Infusion.



Discussion
This phase 3, single-group study of exa-cel met the primary end point and both key secondary 
end points: 97% of patients with sickle cell disease were free from vaso-occlusive crises for at 
least 12 months, 100% were free from inpatient hospitalization for severe vaso-occlusive crises 
for at least 12 months, and 97% were free from vaso-occlusive crises for at least 9 months. 
Patients were free from vaso-occlusive crises for a mean duration of 22.4 months (range, 14.8 to 
45.5). Patients had early and sustained increases in total and fetal hemoglobin levels, with a 
mean total hemoglobin level of 11.9±1.5 g per deciliter at month 3 and 12.5±1.8 g per deciliter 
at month 6, and normal or near-normal levels (normal range, 12.1 to 17.2 g per deciliter) were 
maintained thereafter. Improvements were seen in all markers of hemolysis evaluated, including 
normalization of lactate dehydrogenase and detectable haptoglobin levels, findings that 
indicated resolution of intravascular hemolysis. Patients also had clinically meaningful 
improvements in quality of life. These results show that a one-time treatment with nonviral ex 
vivo CRISPR-Cas9 editing of the erythroid-specific enhancer region of BCL11A reactivated fetal 
hemoglobin production in erythrocytes to levels previously shown to be protective in persons 
with hereditary persistence of fetal hemoglobin and sickle cell disease (>20% fetal hemoglobin 
in pancellular distribution) and resulted in a clinical benefit. Although all the patients had 
adverse events, in most patients these events were considered by the investigators to be related 
to the busulfan-based conditioning.



Als Beta-Thalassämie bezeichnet man eine autosomal-
rezessiv vererbbare Synthesestörung der β-Ketten des 
Proteinanteils (Globin) im Hämoglobin. Die Erkrankung gehört 
zu den Hämoglobinopathien.
Ursächlich ist eine Mutation im β-Globin-Gen (HBB), das auf 
dem kurzen Arm von Chromosom 11 lokalisiert ist. Es existieren 
mehr als 200 unterschiedliche genetische Varianten, von denen 
die meisten Punktmutationen sind. Deletionen kommen nur 
selten vor. Weiterhin existieren thalassämische 
Hämoglobinvarianten, die phänotypisch das Bild einer 
Thalassämie hervorrufen können (z.B. Hämoglobin 
Lepore, HbE-Krankheit).
Je nach den Auswirkungen der Mutation auf die Produktion 
von β-Globin-Ketten unterscheidet man drei Klassen von 
Mutationen:



BCL11A ist ein Transkriptionsfaktor, der die Expression von 
Gamma-Globin, einem Bestandteil des fetalen Hämoglobins, 
hemmt. Die Bildung von fetalem Hämoglobin hört 
normalerweise nach der Geburt auf. Durch die Abschaltung von 
BCL11A soll es reaktiviert werden.



Exagamglogene autotemcel (exa-cel) is a nonviral cell therapy designed to reactivate fetal hemoglobin synthesis through ex 
vivo clustered regularly interspaced short palindromic repeats (CRISPR)–Cas9 gene editing of the erythroid-specific 
enhancer region of BCL11A in autologous CD34+ hematopoietic stem and progenitor cells (HSPCs). We conducted an open-
label, single-group, phase 3 study of exa-cel in patients 12 to 35 years of age with transfusion-dependent β-thalassemia and 
a β0/β0, β0/β0-like, or non–β0/β0-like genotype. CD34+ HSPCs were edited by means of CRISPR-Cas9 with a guide mRNA. 
Before the exa-cel infusion, patients underwent myeloablative conditioning with pharmacokinetically dose-adjusted 
busulfan. The primary end point was transfusion independence, defined as a weighted average hemoglobin level of 9 g per 
deciliter or higher without red-cell transfusion for at least 12 consecutive months. Total and fetal hemoglobin 
concentrations and safety were also assessed.



Methods
Study Design, Patients, and Oversight
We are conducting this ongoing phase 3, open-label, single-dose study of exa-cel (CLIMB THAL-111) at 13 sites in Canada, 
Germany, Italy, the United Kingdom, and the United States. Patients 12 to 35 years of age were eligible if they had a 
confirmed diagnosis of transfusion-dependent β-thalassemia and a transfusion history of at least 100 ml of packed red 
cells per kilogram of body weight per year or 10 units of packed red cells per year for 2 years before screening. Patients 
received a combination of granulocyte-colony stimulating factor (G-CSF) and plerixafor for HSPC mobilization followed by 
apheresis for up to 3 consecutive days to collect CD34+ HSPCs. Exa-cel was manufactured from CD34+ cells with the use 
of CRISPR-Cas9 and a single guide RNA molecule. Before the exa-cel infusion, patients received a myeloablative, 
pharmacokinetically adjusted busulfan conditioning regimen for 4 days. Exa-cel was infused intravenously through a 
central venous catheter at least 48 hours but no more than 7 days after completion of the busulfan infusion. Neutrophil 
engraftment was considered to have occurred on the first of 3 different days on which three consecutive measurements 
of the absolute neutrophil count were 500 per microliter or higher. 
End-Point Measures
The primary end point was transfusion independence, defined as a weighted average hemoglobin level of at least 9 g per 
deciliter without red-cell transfusion for at least 12 consecutive months. The key secondary end point was a weighted 
average hemoglobin level of at least 9 g per deciliter without red-cell transfusion for at least 6 months. Evaluation of 
these two end points started 60 days after the last red-cell transfusion. 







Discussion
In this phase 3 study of exa-cel, we enrolled patients with 
transfusion-dependent β-thalassemia who had a high burden 
of red-cell transfusions and impaired quality of life. The study 
met the primary end point: 91% of the patients had transfusion 
independence and mean total hemoglobin levels within the 
normal range. Patients stopped transfusions approximately 1 
month after the exa-cel infusion, and transfusion independence 
was durable, with a mean duration of 22.5 months (range, 13.3 
to 45.1). The majority of hemoglobin was fetal hemoglobin, 
which had a pancellular distribution. These results confirm that 
CRISPR-Cas9–edited erythroid-specific enhancer region of 
BCL11A in the exa-cel product effectively reactivates fetal 
hemoglobin production to levels that are known to be 
protective in persons with hereditary persistence of fetal 
hemoglobin and that are observed during the neonatal period, 
which confers a transformational benefit in patients with 
transfusion-dependent β-thalassemia. The increases in total 
and fetal hemoglobin levels were consistent among patients 
with various genotypes, including those with the most severe 
β0/β0 genotype (who produce no endogenous hemoglobin A), a 
finding consistent with a normalization of hemoglobin levels by 
exa-cel independent of genotype.



Large hemispheric infarction (LHI) is a severe form of ischemic stroke affecting the majority of or complete middle
cerebral artery (MCA) distribution area with or without anterior cerebral artery and posterior cerebral artery
involvement and characterized by the development of life-threatening cerebral edema.



The use of thrombectomy in patients with acute stroke 
and a large infarct of unrestricted size has not been 
well studied. We assigned, in a 1:1 ratio, patients with 
proximal cerebral vessel occlusion in the anterior 
circulation and a large infarct (as defined by an Alberta 
Stroke Program Early Computed Tomographic Score of 
≤5; values range from 0 to 10) detected on magnetic 
resonance imaging or computed tomography within 
6.5 hours after symptom onset to undergo 
endovascular thrombectomy and receive medical care 
(thrombectomy group) or to receive medical care alone 
(control group). The primary outcome was the score on 
the modified Rankin scale at 90 days (scores range 
from 0 to 6, with higher scores indicating greater 
disability). The primary safety outcome was death from 
any cause at 90 days, and an ancillary safety outcome 
was symptomatic intracerebral hemorrhage.



Randomized trials have shown the benefit of endovascular thrombectomy in patients with acute stroke due to 
large-artery occlusion in the anterior circulation and a large baseline infarct (core). In the early stages of 
ischemia, the infarct is visible as a hypodense lesion on noncontrast computed tomography (CT) scans and as a 
hyperintense lesion on diffusion-weighted magnetic resonance imaging (MRI) scans. The size of the infarct can 
be assessed on CT and MRI scans with the use of the semiquantitative Alberta Stroke Program Early Computed 
Tomography Score (ASPECTS; values range from 0 to 10, with lower values indicating larger infarcts). In these 
trials, a large core was defined by an ASPECTS value of 5 or less, but because of concerns about the deleterious 
effects associated with the reperfusion of large infarcts, patients with the largest infarcts (ASPECTS value, 0 or 
1) were excluded from enrollment. However, the benefit of thrombectomy did not diminish with increasing 
infarct size, suggesting that thrombectomy may be beneficial even in patients with the largest baseline infarcts.
Patients
Patients were eligible for inclusion in the trial if they were older than 18 years of age; had an ASPECTS value of 
5 or less on CT or MRI, except for patients older than 80 years of age, who were eligible if they had a baseline 
ASPECTS value of 4 or 5 (the method for determining the ASPECTS value is described.
Trial Design
Patients were randomly assigned in a 1:1 ratio to undergo endovascular thrombectomy and receive medical 
care (thrombectomy group) or to receive medical care alone (control group). 
Trial Outcomes
The primary outcome was the modified Rankin scale score at 90 days after randomization, with scores of 5 and 
6 combined into one score. 













Summary
In patients with immune thrombotic thrombocytopenic purpura 
(iTTP), autoantibodies against the metalloprotease ADAMTS13 lead 
to catastrophic microvascular thrombosis. However, the potential 
benefits of recombinant human ADAMTS13 (rADAMTS13) in 
patients with iTTP remain unknown. Here, we report the clinical use 
of rADAMTS13, which resulted in the rapid suppression of disease 
activity and complete recovery in a critically ill patient whose 
condition had proved to be refractory to all available treatments. 
We also show that rADAMTS13 causes immune complex formation, 
which saturates the autoantibody and may promote its clearance. 
Our data support the role of rADAMTS13 as a novel adjunctive 
therapy in patients with iTTP.



Immune thrombotic thrombocytopenic purpura (iTTP) is an acute hematologic disorder 
characterized by thrombotic microangiopathy, end-organ damage, and death if left 
untreated. In patients with iTTP, autoantibodies inhibit the von Willebrand factor–cleaving 
metalloprotease ADAMTS13 or induce its clearance, leading to the accumulation of ultra-
large multimers of von Willebrand factor and the formation of platelet-rich microvascular 
thrombi. The disease occurs more commonly in women of color, and patients have few if 
any effective options when standard treatment fails.
The mainstay of therapy for iTTP is plasma exchange, which removes the inhibitor and 
provides exogenous ADAMTS13. Plasma exchange induces a clinical response in most 
patients, despite at best repleting only approximately half of normal ADAMTS13 activity 
levels. By contrast, recombinant human ADAMTS13 (rADAMTS13) offers the possibility of 
greatly increased ADAMTS13 delivery and enhanced autoantibody clearance through the 
formation of ADAMTS13-containing immune complexes. However, the benefits of 
rADAMTS13 in iTTP remain theoretical. We describe the clinical use of rADAMTS13 in a 
patient with iTTP.



Case Report
A 28-year-old Black woman with a history of one pregnancy and one delivery presented 101 days post partum 
with fatigue and vaginal bleeding. Laboratory studies revealed anemia (hemoglobin level, 6.9 g per deciliter), an 
elevated lactate dehydrogenase level (2089 IU per liter), and profound thrombocytopenia (platelet count, 9×109 
per liter). 









Discussion
We describe the use of rADAMTS13 as a novel salvage therapy in a patient with iTTP with multiorgan 
dysfunction and clinical deterioration despite daily plasma exchange. The administration of rADAMTS13 
was followed by prompt improvement in our patient’s clinical picture and the achievement of a full 
recovery.
During her acute illness, our patient had a decreased ratio of von Willebrand factor activity to antigen, 
which suggests the presence of a mild acquired abnormality in von Willebrand factor. Although studies 
have shown that rADAMTS13 may cause a temporary decrease in high-molecular-weight multimer levels in 
patients with congenital TTP during remission, we found that the relative loss of high-molecular-weight 
multimers of von Willebrand factor in plasma seemed to be primarily due to the known sequestration of 
high-molecular-weight forms in the microcirculation in patients with acute iTTP. Accordingly, rADAMTS13 
proved to be safe under the conditions we tested, and initiation of rADAMTS13 was associated with 
platelet-count recovery and cessation of our patient’s clinically significant vaginal and gastrointestinal 
hemorrhages. The apparent safety of rADAMTS13 may be due to its relative selectivity for the open form 
of von Willebrand factor unraveled under shear stress, conformational regulation of ADAMTS13 function, 
and the blunting of ADAMTS13 activity by autoantibody.
In this study, we obtained clinical, pharmacokinetic, and pharmacodynamic proof of concept that 
rADAMTS13 can add substantial value in the treatment of iTTP that is refractory to plasma exchange 
despite the presence of anti-ADAMTS13 autoantibodies. On the basis of these results, data from well-
designed randomized, controlled trials may help to determine whether rADAMTS13 should serve as an 
adjunct to, or replacement for, the current standard of care with plasma exchange in patients with iTTP.



“You don’t know what you’re missing till it’s gone” is a truism that certainly 
applies to taste. It took a pandemic for taste to get attention. Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections can cause acute 
loss or distortions of taste as a result of infection within taste buds and, in 
some cases, can result in long-term taste dysfunction. Since chemosensory 
disorders can substantially dampen a person’s enjoyment of life, this is an 
opportune time to appreciate recent advances in our understanding of taste. 
It is time to let go of old ideas, such as the myth of the tongue taste map 
(which persists in the collective consciousness despite decades of research 
debunking it) and the notion of taste as limited to the mouth. Research 
reveals that downstream signaling of extraoral taste receptors regulates our 
physiological balance long after conscious gustation has faded.



Taste receptor cells (TRCs) are morphologically classified into 
types I, II, and III, which can be subclassified on the basis of 
differences in TRC function, molecular markers, or both.



In taste buds, glial-type type I TRCs support the 
structure of the buds. On the plasma membranes of 
these cells, the enzyme NTPDase2 degrades 
intragemmal ATP secreted by type II cells in response 
to tastants. Type II TRCs detect sweet, umami, and 
bitter tastants through subfamilies of G protein–
coupled receptors (GPCRs): the TAS1R (TAS1R1, 
TAS1R2, and TAS1R3) and TAS2R classes. These taste 
receptors initiate intracellular signal transduction by 
stimulating the heterotrimeric G protein α-gustducin. 
The resulting cascade follows a common downstream 
pathway, involving phospholipase Cβ2, inositol 
triphosphate (IP3) production, which causes Ca2+ 
release from the endoplasmic reticulum, followed by 
Ca2+-dependent activation of transient receptor 
potential melastatin 5 (TRPM5) channels and 
culminating in cell depolarization and ATP release 
through specialized channels (CALHM1/3).6 ATP is a 
bona fide TRC neurotransmitter that activates 
purinergic receptors on nerve fibers, which then 
transduce tastant information to the brain.

https://www.nejm.org/doi/full/10.1056/NEJMra2304578


Adding to the orchestration of taste perception are the hormones produced in TRCs that modulate TRC 
signaling. Hormones produced by enteroendocrine cells of the gut (cholecystokinin, glucagon-like 
peptide 1 [GLP-1], ghrelin, peptide YY, and vasoactive intestinal peptide) and islets of Langerhans 
(glucagon and insulin), as well as by some central nervous system neurons (neuropeptide Y and 
vasoactive intestinal peptide), are also synthesized in TRCs.25 More work is needed to uncover all their 
functions in taste buds, but so far we know that receptors for some of those hormones, such as GLP-1, 
are present on the intragemmal nerve fibers in taste buds where GLP-1 receptor (GLP-1R) activation in 
mice modulates sweet perception.

https://www.nejm.org/doi/full/10.1056/NEJMra2304578


Role of Taste in Food Intake, Metabolism, and Obesity
Obesity and obesity-related noncommunicable diseases are at 
epidemic levels, with one projection forecasting that by 2030, 
nearly 1 in 2 adults in the United States will be obese. Although 
there are many contributing factors, those relevant to this 
review concern the ways in which the contemporary food 
environment, with its cornucopia of appetitive offerings, 
encourages overeating by stimulating our deeply ingrained 
reward systems. Taste, by guiding us toward gastronomic 
delights (i.e., tasty, energy-containing food) and away from 
dangerous toxins, functions as an evolutionary gatekeeper for 
the substances that enter our body. Sweet preference is innate, 
developed well before birth, and consuming sweet tastants 
triggers satisfaction through central reward pathways. Studies 
in humans have shown both immediate and delayed dopamine 
signaling in response to palatable food, which suggests that 
reward pathways respond to oral sensation and postingestive 
processing in the gut. There is even some evidence suggesting 
that sugar can be addictive in the same way that nicotine is.



Common Sugars, Sweeteners, and Amino Acids and 
Proteins Known to Taste Sweet to Humans.

Metabolic Consequences of Nonnutritive Sweeteners
As studies implicated added sugars in the rising incidence of 
cardiovascular disease, diabetes, and obesity, public health 
messaging began recommending restrictions on sugar intake, 
and food manufacturers sought sugar substitutes. One proposed 
mechanism for how consumption of nonnutritive sweeteners 
induces metabolic dysfunction is an uncoupling of sweet taste 
from caloric value. The seminal studies on this mechanism 
showed that mice that had been conditioned to associate 
sweetness with calories gained less weight and consumed less 
food than mice that could not rely on sweet taste to predict 
caloric value. 
Recent work has drawn a distinction between two glucose-
sensing pathways: the traditional TAS1R sweet tasting pathway 
and the pathway involving SGLTs, which transport glucose but 
not nonnutritive sweeteners. Studies exploring differential brain 
responses in mice have identified distinct neural pathways for 
sweet sensing as compared with energy sensing and have shown 
how prolonged activation of reward pathways in the brain leads 
to compulsive sucrose consumption. Even in flies, a high-fat, 
high-sugar diet impairs central processing of sweet taste, 
weakening satiation and encouraging overeating. 



Taste, the Vagus, and the Enteroendocrine System
Despite the competing mechanistic theories, the evidence thus far supports the notion that nonnutritive 
sweeteners and natural sugars elicit distinct homeostatic and hedonic responses in the body. Therefore, it 
is more accurate to call nonnutritive sweeteners simulacra of sugars, not sugar substitutes. TRC machinery 
in extraoral tissues, especially the gut, and physiological mechanisms of tastant binding have been “sweet” 
avenues for exploring the unique effects of sugars as compared with nonnutritive sweeteners. The latter 
have been linked to gut epithelial-cell death and increased gut-wall permeability and to alterations in the 
composition of the gastrointestinal microbiota (affecting pathways such as those involved in purine 
metabolism, glycolysis, and fatty acid synthesis), which have potential downstream consequences for 
hormone secretion, metabolic homeostasis, and obesity. More directly, rodent studies suggest that 
activation of the sweet taste receptors in the gut by sugars and nonnutritive sweeteners is linked to 
hormonal up-regulation and increased SGLT1 expression, glucose transporter 2 (GLUT2) induction, and 
glucose absorption. 
Conclusions
The physiology of taste provides insight into our relationship with food and our metabolic well-being. 
Research has long dispelled the taste map myth and is now venturing into new territory, providing a 
complex understanding of how tastants activate hedonic and homeostatic pathways and a recognition of 
the gut’s involvement in food intake. This knowledge may, in turn, inform updates to dietary guidelines and 
clinical practice guidelines for what constitutes an ideal diet.





A 30-year-old woman was evaluated in the neurology clinic of this hospital because of back pain and leg 
stiffness.
The patient had been in her usual state of health until 3 years before the current presentation, when 
stiffness in the back and upper legs developed abruptly while she attempted to rise from a seated 
position. She also began to have associated low back pain that worsened with bending the knees or 
climbing stairs. During the next several months, back and leg stiffness waxed and waned; at times, the 
patient could walk normally and engage in running for exercise, and at other times, she was unable to 
walk because her knees felt as though they had “locked up.” Two months after the onset of symptoms, the 
patient fell and broke her right arm. She perceived the fall as being unusual in that after she tripped, she 
was unable to prevent herself from falling because of tension in her legs. After the fall, the patient 
underwent physical therapy for several months, but she did not resume running for exercise because of a 
fear of falling.
Two and a half years before the current presentation, the patient was evaluated in a rheumatology clinic 
of another hospital. Passive flexion of the left knee was guarded, but the knee bent when a distraction 
technique was used; the remainder of the examination was normal. Hip and knee radiographs were 
reportedly unremarkable. The knee stiffness was not thought to be due to an underlying rheumatologic 
disorder.



Magnetic resonance imaging (MRI) of the lumbar spine, performed without the administration of intravenous contrast 
material, showed normal paraspinal soft tissues and exaggeration of the normal lumbar lordosis, with preserved vertebral 
height. A loss of normal signal intensity was noted in the L4–L5 intervertebral disk space on T2-weighted images, a finding 
that was consistent with mild degeneration. Evaluation for signal abnormality in the visible portion of the spinal cord and 
in the cauda equina nerve roots could not be assessed owing to severe motion artifact. There was no evidence of high-
grade spinal canal or foraminal stenosis.
Treatment with cyclobenzaprine, which was to be taken as needed at night for back pain, was initiated, and physical 
therapy was recommended. However, after 3 months of physical therapy, the back pain had not abated, and the leg 
stiffness had worsened. The patient sought evaluation in the neurology clinic of this hospital.
In the neurology clinic, the patient reported ongoing leg stiffness and rigidity that caused gait abnormalities. She noticed 
jerking movements at night as she was falling asleep. Three months before the current evaluation, she had taken 
lorazepam for claustrophobia before entering the MRI machine for spinal imaging, and her gait was reportedly normal for 
several hours after imaging.
On examination, the temporal temperature was 36.6°C, the blood pressure 141/91 mm Hg, the pulse 100 beats per 
minute, the respiratory rate 16 breaths per minute, and the oxygen saturation 98% while the patient was breathing 
ambient air. The body-mass index (the weight in kilograms divided by the square of the height in meters) was 21.7. The 
patient appeared anxious but was in no acute distress. Strength was assessed as normal in the arms and legs. She had 
mildly increased tone in the legs; no fasciculations were present. Deep-tendon reflexes were 2+ in the arms and 3+ in the 
legs, with nonsustained clonus in the ankles. An exaggerated startle response was present. Sensation was normal. On 
ambulation, there was reduced flexion of the knees and a wide-based gait.
Blood levels of electrolytes were normal, as were the results of tests of kidney function. The blood level of creatine kinase 
was 33 U per liter (reference range, 26 to 192), the C-reactive protein level 1 mg per liter (reference range, 0 to 10), and 
the erythrocyte sedimentation rate 2 mm per hour (reference range, 0 to 20). Imaging studies were obtained.



MRI of the Spine.
A sagittal T2-weighted image (Panel A), 
obtained without the administration of 
intravenous contrast material, and a sagittal 
gadolinium-enhanced, T1-weighted image with 
fat suppression (Panel B) show that the thoracic 
spine and spinal cord have a normal 
appearance. There is no abnormal 
enhancement. Sagittal T2-weighted images of 
the lumbar spine (Panels C and D), obtained 
without the administration of intravenous 
contrast material, show that the conus 
medullaris and cauda equina have a normal 
appearance (Panel C) and that mild 
degenerative disk disease is present at L4–L5 
(Panel D, arrows) without radiographically 
significant spinal canal stenosis. Exaggeration of 
the normal lumbar lordosis can be seen.



Peripheral Nervous System Disorder
Most peripheral nervous system disorders associated with muscle symptoms cause muscle weakness rather than muscle 
stiffness. Myotonic disorders are notable exceptions. 
Central Nervous System Disorder
Stiffness is more common with central nervous system disorders than with peripheral nervous system disorders. Spasticity is a 
disorder that is characterized by increased muscle tone due to upper motor neuron dysfunction.
Dystonia
Dystonia describes sustained or intermittent muscle contractions that cause abnormal movements and postures that are often 
repetitive.



Hyperekplexia
An important clue to the patient’s diagnosis may be found in the description of her falls. Her legs stiffened in response 
to an unexpected physical stimulus — after unexpectedly striking her leg on a coffee table, she was unable to control 
her leg movements and could not protect herself from falling and striking her face on the floor. Hyperekplexia is a 
group of genetic disorders that is characterized by an exaggerated myoclonic startle response, although rare acquired 
forms have been described.
Stiff-Person Syndrome
Stiff-person syndrome is an adult-onset, acquired autoimmune disorder that is associated with stiffness, gait 
dysfunction with falls, and an exaggerated startle response. Symptoms result from impaired γ-aminobutyric acid 
(GABA)–mediated inhibition of alpha motor neurons in the spinal cord and brain, which leads to hyperactivity. Stiffness 
and painful muscle spasms are the primary symptoms. In patients with classic stiff-person syndrome, stiffness begins 
in the paraspinal and abdominal muscles and progresses to involve the proximal legs. Sudden voluntary movement, 
physical touch, cold temperature, emotional upset, and startle response can all provoke painful spasms, which often 
occur in clusters. The combination of stiffness and superimposed spasms can lead to falls during which persons are 
unable to brace themselves.
The median age at onset of stiff-person syndrome is between 35 and 40 years, and this patient’s symptoms started 
when she was 27 years of age. More than 50% of persons with stiff-person syndrome have a history of other 
autoimmune conditions, with up to 30% having type 1 diabetes mellitus. This patient had a history of vitiligo, eczema, 
alopecia areata, Graves’ disease, and immune thrombocytopenia.
Laboratory Diagnosis
Glutamic acid decarboxylase 65 autoantibody–associated stiff-person syndrome.



Discussion of Management
If testing for GAD65 autoantibodies had been negative in this patient, I would have considered testing for 
autoantibodies against glycine receptor, amphiphysin, or dipeptidyl-peptidase–like protein 6, given her clinical 
presentation, which was characteristic of stiff-person syndrome. In addition, electromyography could have been 
performed to assess for the presence of continuous motor-unit activity in the paraspinal muscles or the presence 
of simultaneous contraction of agonist and antagonist muscle pairs.
A multidisciplinary approach is beneficial in the management of stiff-person syndrome. In this patient, physical 
therapy (including aqua therapy) had been recommended. Data to guide physical therapy approaches in patients 
with stiff-person syndrome are limited; the goals of therapy for this patient included flexibility, pain relief, and 
functional mobility. With regard to drug therapy, relief of symptoms can often occur after treatment with 
benzodiazepines or muscle relaxants, usually at high doses. In patients with severe symptoms or in those who 
have adverse side effects from drug therapies, immunotherapy with intravenous immune globulin may be 
beneficial. Anxiety or a fear of falling is typical of patients with stiff-person syndrome and can worsen the 
symptoms of the disease. Management includes medications, psychotherapy, and mindfulness-based 
approaches.
After a discussion with the patient about treatment options, the patient elected to start treatment with 
diazepam for relief of her symptoms, in addition to physical therapy and psychotherapy. At a follow-up visit 1 
month later, she reported marked improvement in ambulation and in her ability to climb and descend stairs, as 
well as improvement in her ability to participate in physical activities. This improvement was sustained over the 
course of the next year with adjustments in the diazepam dose and in ongoing multidisciplinary care. 
Approximately 2 years after diagnosis, the patient began to have worsening of symptoms with an increased fear 
of falling. Treatment with intravenous immune globulin was initiated, and her symptoms abated.



Der intravaskuläre Ultraschall (IVUS) erlaubt über eine invasive 
Untersuchung mit Einbringen eines kleinen Ultraschallkatheters 
in das Koronargefäß eine genaue morphologische 
Bilddarstellung der Gefäße bzw. auch von Engstellen.

















Der Wirkstoff Ticagrelor gehört zur Gruppe der 
Thrombozytenaggregationshemmer und wird üblicherweise 
mit Acetylsalicylsäure kombiniert um atherothrombotischen
Ereignissen wie einem Herzinfarkt präventiv entgegenzuwirken.



Wirkmechanismus
Ticagrelor ist ein selektiver, direkt wirkender und reversibler P2Y12-Rezeptorantagonist. Der natürliche Ligand des 
P2Y12-Rezeptors, Adenosindiphosphat (ADP), vermittelt über diesen die Thrombozytenaktivierung und folglich die 
Thrombozytenaggregation. Der Antagonismus durch Ticagrelor bewirkt demnach eine 
Thrombozytenaggregationshemmung. Ticagrelor verhindert allerdings nicht die Bindung von ADP an den P2Y12-
Rezeptor, sondern blockiert in gebundener Form die ADP-induzierte Signalübertragung.
Ticagrelor unterscheidet sich pharmakologisch von anderen P2Y12-Rezeptorantagonisten, denn ältere Vertreter der 
Wirkstoffklasse wie Clopidogrel oder Prasugrel inhibieren den Rezeptor irreversibel. Eine Hemmung des equilibrativen 
Nukleosid-Transporters-1 (ENT-1) durch Ticagrelor erhöht zusätzlich lokale endogene Adenosin-Spiegel.



































Progressive ankylosis protein homolog (ANK ilosis H omolog) is 
a protein that in humans is encoded by the ANKH gene. This gene 
encodes a multipass transmembrane protein that is expressed in 
joints and other tissues and controls pyrophosphate levels in 
cultured cells. Mutation at the mouse 'progressive ankylosis' 
(ank) locus causes a generalized, progressive form 
of arthritis accompanied by mineral deposition, formation of 
bony outgrowths, and joint destruction. The human homolog is 
virtually identical to the mouse protein and ANKH-mediated 
control of pyrophosphate levels has been suggested as a possible 
mechanism regulating tissue calcification and susceptibility to 
arthritis in higher animals.

Heterozygous mutations in ANKH, the human 
ortholog of the mouse progressive ankylosis
gene, result in craniometaphyseal dysplasia













External electromagnetic interference (EMI)












