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ABSTRACT & COMMENTARY

Diagnostic Criteria  
for Small Fiber Neuropathy
By Mary L. Vo, MD, PharmD
Assistant Professor of Neurology, Weill Cornell Medical College

Dr. Vo reports she is an advisory board member for CSL Behring, is a consultant and advisory board member for 
Alexion Pharmaceuticals, and receives grant/research support from Takeda Pharmaceuticals.

SYNOPSIS: Multiple clinical tools have emerged to assess small fiber nerve dysfunction, but validated diagnostic criteria are needed to 
optimize diagnostic sensitivity, support clinical management, and facilitate patient selection for clinical trials.

SOURCE: Devigili G, Rinaldo S, Lombardi R, et al. Diagnostic criteria for small fibre neuropathy in clinical practice and research. Brain 
2019;142:3728-3736.

Small fiber neuropathy (SFN) is a heteroge-
nous condition characterized by impairment 
of Aδ and C nocioceptive fibers involved in 

sensory perception to pain, temperature, and itch 
in addition to regulation of autonomic functions. 
Although various phenotypes have been de-
scribed, a classic presentation is burning pain and 
paresthesias affecting the distal extremities. Given 
the clinical heterogeneity, symptom reporting 
alone is not reliable as a screening tool.1 Clinical 
examination findings can include reduced tem-
perature and pain perception in a distal gradient, 
although the examination can be normal in some 

patients. Nerve conduction studies are important 
to identify patients with large-fiber neuropathy 
but are normal in patients with isolated small 
fiber dysfunction. 

Intraepidermal nerve fiber density (IENFD) and 
quantitative sensory testing (QST) are the most 
sensitive and commonly used diagnostic tools 
for SFN. IENFD obtained by skin biopsy of the 
distal leg is a reliable and widely used confirma-
tory test for SFN. Its diagnostic accuracy has 
been improved by availability of updated norma-
tive data.2 QST is designed to assess Aδ, Aβ, and 
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C fiber sensory function and involves 
sequential application of thermal and 
mechanical stimuli to multiple standard-
ized sites in the extremities while evalu-
ating for abnormal sensation, allodynia, 
hyperalgesia, and aftersensation com-
pared to published reference values.3 
Thermoregulatory, autonomic, somatic, 
and sudomotor function tests have been 
developed to complement the clinical 
evaluation, but are generally limited to 
specialized centers. 

Validated diagnostic criteria combining 
clinical evaluation and diagnostic tools 
are needed to optimize diagnostic sensi-
tivity, support clinical management, and 
facilitate patient selection for clinical 
trials.

Devigili et al compared the sensitivity of 
the Besta criteria4 and the NEURODIAB5 
criteria for definite SFN. The Besta cri-
teria require two objective clinical signs 
of small fiber impairment plus abnormal 
QST or IENFD. In contrast, the NEU-
RODIAB criteria require the presence 
of a single clinical sign, a normal sural 
nerve conduction study, and either ab-
normal QST or IEFND. 

In the reappraisal portion of the study, 
the authors assessed historical clini-
cal, IENFD, and QST data from 150 
patients included in the original Besta 
study4 using updated IENFD reference 
values. Results showed a high level of 
agreement between the Besta and  
NEURODIAB criteria for definite SFN 
(area under the curve 0.98; 100% sensi-
tivity; 98.5% specificity).

The prospective validation study in-
cluded 352 new and follow-up patients 
with suspected sensory neuropathy 
evaluated at a single Italian neurological 
center from January 2009 to September 
2017. Symptom inventory question-
naires, detailed neurological examina-
tion, electrophysiologic testing, IENFD, 
and QST were obtained for all patients. 
Statistical analysis was performed using 
unpaired t-test and Mann-Whitney test 
to compare normally and non-normally 
distributed values, respectively. Paired t-
test and Pearson R2 coefficient test were 
used to compare clinical exam to QST. 

A total of 149 of 187 symptomatic 
patients without clinical or electrodiag-
nostic evidence of large fiber neuropathy 
satisfied the Besta criteria for definite 
SFN. An additional 34 patients were des-
ignated as possible SFN based on symp-
tom reporting, but had normal clinical 
evaluation, IENFD, and QST testing. 
Four patients who had symptoms and 
abnormal QST also were deemed possi-
ble SFN. The NEURODIAB criteria was 
highly concordant with the Besta criteria 
(sensitivity 94.6%; specificity 99%), sup-
porting the validity and reliability of the 
clinical assessment. Moreover, IENFD 
had higher sensitivity, specificity, and 
diagnostic efficacy compared to QST.

At the time of follow-up, 29 of 98 
patients (29.6%) with definite SFN were 
reclassified as having large fiber neu-
ropathy or sensory neuronopathy. Eight 
patients with definite SFN based on 
abnormal QST and IENFD developed 
clinical exam abnormalities at the time 
of follow-up. Nineteen of 38 patients 
with possible SFN based on symptoms 
alone reported complete resolution and 
had a normal examination. Four pa-
tients with possible SFN based solely on 
abnormal QST also had normal clinical 
examinations and IENFD at follow-up.

The combination of clinical examina-
tion, IENFD, and QST provides an 
accurate and reliable screen for SFN. 
Compared to QST, IENFD showed 
higher sensitivity, specificity, and diag-
nostic efficiency.

n COMMENTARY
The high concordance between Besta 
and NEURODIAB highlight the reliabil-
ity of a focused clinical examination as 
a screening tool for patients presenting 
with classical symptoms of SFN, par-
ticularly when at least two clinical signs 
are present. 

IENFD remains the most sensitive 
confirmatory test available for diagnosis 
of SFN. QST is a valid technique that 
can further increase diagnostic sensitiv-
ity for clinical research, but its clinical 
utility is limited by the technical and 
time-consuming nature of the test. 
The high reliability and sensitivity of 
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the combined profile of clinical examination, QST, 
and IENFD would improve patient selection for 
clinical trials and serve as reliable outcome mea-
sures for future disease-modifying therapies.  n
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ABSTRACT & COMMENTARY

Spontaneous Anterior Interosseous  
Nerve Syndrome
By Michael Rubin, MD
Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Rubin reports he is a consultant for Merck Sharp & Dohme Corp.

SYNOPSIS: Anterior interosseous nerve syndrome is part of the median neuropathy spectrum and often has been attributed to 
compression near the elbow. Modern magnetic resonance neurography and ultrasound studies have ruled-out compression in most cases. 

SOURCE: Sneag DB, Arányi Z, Zusstone EM, et al. Fascicular constrictions above elbow typify anterior interosseous nerve syndrome. 
Muscle Nerve 2019; Nov. 26. doi: 10.1002/mus.26768.

Originating from cervical roots C7-T1, the 
anterior interosseous nerve (AIN) is the larg-

est branch of the median nerve. Purely motor in 
nature with no cutaneous innervation, it is crucial 
for pinching with the thumb and index fingers, 
and supplies the flexor pollicis longus (FPL), flexor 
digitorum profundus to digits 2 and 3 (FDP), and 
pronator quadratus muscles. Also known as Kiloh-
Nevin syndrome, spontaneous AIN syndrome 
(AINS) is rare and of uncertain etiology, often at-
tributed to compression in the forearm or idiopath-
ic brachial neuritis (Parsonage-Turner syndrome). 
Using magnetic resonance neurography (MRN) 
or ultrasound (US), intrinsic fascicular constric-
tions (FCs) of anterior interosseous fascicles of the 
median nerve proper previously have been reported 
in AINS, and evidence now suggests that AINS is 
essentially a non-compressive neuropathy.

Sneag et al retrospectively analyzed imaging and 
electrodiagnostic (EDX) data of 45 patients with 
a clinical diagnosis of AINS by reviewing data-
bases, spanning January 2005 to December 2018, 
from Hospital for Special Surgery in New York, 
and the Department of Neurology at Semmelweis 
University in Budapest. AINS diagnosis required 
spontaneous AIN neuropathy, documented by 
complete paralysis of either or both the FPL and 

FDP, with electromyography (EMG) evidence of 
axonal loss, documented by minimal to no motor 
unit recruitment in AIN-innervated muscles. For 
both MRN and US studies, pathology was charac-
terized uniformly, with an FC defined as an abrupt, 
focal decrease of fascicle diameter, and fascicular 
enlargement defined as focal enlargement of the 
fascicle, with gradual tapering to a normal diam-
eter proximal and distal to the enlargement. MRN 
and US studies were interpreted retrospectively by 
radiologists or a neurologist with at least five years 
of dedicated nerve imaging experience. EDX stud-
ies were performed by examiners with extensive 
clinical experience in idiopathic brachial neuritis. 

Among the 45 patients, 74 FCs were found, with 
bilateral involvement in two patients. Ipsilateral 
pain for an average of 5.9 days prior to onset of 
weakness was reported in 71%. MRN, performed 
an average of eight months following symptom 
onset in 22 New York patients, revealed a total of 
63 FCs, with FCs found in all patients, at a mean 
distance of 5.4 cm proximal to the elbow and in 
the posterior/posteromedial topographical region 
of the median nerve in 91% (n = 20). Within the 
forearm, MRN demonstrated normal size, signal 
intensity, and morphology of the median nerve, 
without FCs. Using US, only one of eight patients 
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was found to have an FC, despite having FCs 
on MRN, but in the remaining seven, fascicular 
enlargement was found just proximal to the elbow 
joint line. Surgical internal neurolysis of constric-
tions was performed in eight patients with, as yet, 
unknown outcomes. Among 14 patients treated 
conservatively, two were lost to follow-up. Based 
on neurological examination, three had complete 
recovery, six had partial recovery, and three had no 
recovery of AIN function.

Among 23 Budapest patients studied with US, 11 
FCs were seen in nine of 25 limbs, 91% (n = 10) 
located at or proximal to the elbow, three pos-
teromedial, and seven in a medial fascicle that 
could not be further differentiated, with the single 
remaining FC 1 cm distal to the joint line and 
posterolateral in position. Fascicular enlargement 
of the median nerve was identified in 13 limbs 
that did not exhibit FCs, with no abnormalities 
detected in the three remaining limbs, and US of 
the forearm revealed no median nerve abnormality 
distal to the site of all fascicular lesions.

AINS appears to be a non-compressive neuropathy 
characterized by median nerve FCs, overwhelm-
ingly in the upper arm. 

n COMMENTARY
AINS appears to be a form of idiopathic brachial 
neuritis (Parsonage-Turner syndrome), and may be 
autoimmune in origin or result from an ischemic 
event leading to fibrosis and thickening of epineu-
rial and/or perineurial bands. Surgery or tendon 
transfer is the final option for patients who have 
demonstrated no recovery. At the Hospital for 
Special Surgery, the preference is to wait a mini-
mum of nine months prior to surgery, but it would 
be equally reasonable to wait up to two years, as 
recovery has been shown to occur late. Surgery, if 
performed, involves internal microsurgical neu-
rolysis of involved fascicles. Thus, prior imaging is 
crucial if surgery is considered. When the median 
nerve is exposed, nothing is apparent to the naked 
eye. Only when internal neurolysis is performed 
and the fascicles identified are the constrictions 
identified.  n

ABSTRACT & COMMENTARY

Lifetime Risk and Heritability  
of Amyotrophic Lateral Sclerosis
By Alexander Shtilbans, MD, PhD
Assistant Professor of Neurology, Weill Cornell Medical College, Hospital for Special Surgery

Dr. Shtilbans reports no financial relationships relevant to this field of study.

SYNOPSIS: In this prospective, population-based study, mean lifetime heritability of amyotrophic lateral sclerosis was 52% in the entire 
cohort and 37% in patients devoid of any known pathogenic mutations. The highest heritability was seen in mother-daughter parings in 
both groups. 

SOURCE: Ryan M, Heverin M, McLaughlin RL, et al. Lifetime risk and heritability of amyotrophic lateral sclerosis. JAMA Neurol 
2019;76:1367-1374.

Amyotrophic lateral sclerosis (ALS) is a neu- 
 rodegenerative disorder causing progres-

sive weakness leading to respiratory paralysis and 
death. Recently, several genetic mutations have 
been discovered and linked to familial forms of 
ALS, which in the past predominately was consid-
ered a sporadic disease. In epidemiological studies 
that evaluated lifetime risk of development of ALS 
in various cohorts, heritability and the proportion 
of genetic factors contributing to the risk of devel-
oping this disease were unclear. There are conflict-
ing reports of ALS heritability from twin, pedigree, 
and population genome-wide single-polymorphism 
studies. For clarity, heritability refers to the pro-
portion of variance in the risk of developing a 
disease that is explained by genetic factors. 

Ryan et al conducted a prospective, population-
based study using a pedigree approach to estimate 
heritability and determine if it is modulated by sex, 
based on parent-offspring concordance. They used 
the Irish ALS registry to evaluate 1,117 cases re-
corded from 2008 to 2017 to estimate heritability. 
The authors first calculated the annual incidence of 
ALS, followed by lifetime risk of developing ALS. 
There were 69 C9orf72 mutation-positive cases 
among 674 patients for whom gene status was 
available. Five patients with sporadic ALS car-
ried other known pathogenic mutations and were 
excluded from the study. The data analysis showed 
that patients with a parental history of ALS had a 
younger mean age of onset, 57.9 years, compared 
to patients without a parental history, with mean 
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onset of 65.1 years. The overall mean incidence 
was estimated to be 3.1 per 100,000 people. The 
adjusted lifetime risk of developing ALS was one 
in 347 men and one in 436 women. Concordance 
was highest in mother-daughter pairs (2.6%). Of 
those patients with parental history of ALS who 
had C9orf72 testing performed, 61% were posi-
tive. The mean lifetime heritability of ALS in the 
entire C9orf72 cohort was 52.3% overall and was 
highest in mother-daughter pairings (66.2%). In 
C9orf72-negative patients, the mean lifetime heri-
tability of ALS was 36.9%, while female-female 
heritability was 48.5%. The lifetime risk of first-
degree relatives of patients with ALS who tested 
negative for all known gene mutations was still 
increased at 0.7%, compared to general population 
(0.3%).

The authors concluded that inherited and non-in-
herited factors contribute about equally to the risk 
of ALS, even in people without known pathogenic 
gene mutations. 

n COMMENTARY
The investigators evaluated heritability of ALS in 
one of the largest population-based pedigree stud-
ies using the Irish ALS registry. The results were 
similar to previously published data on U.S. clinic-
based populations.1 However, in this study, herita-
bility also was assessed in a cohort without known 
genetic mutations and was found to be significant. 
Indeed, this suggests there might be many other 
genetic contributions accounting, at least partially, 
for the development of ALS. Another striking 
finding was the high mother-to-daughter heritabil-
ity rates in both C9orf72-positive and -negative 
pairings, suggesting complex interaction between 
sex and disease phenotype. Heritability estimates 

between other pairings: son-mother, son-father, 
and daughter-father pairings were lower. There-
fore, further studies of potential involvement of the 
X chromosome in the heritability of ALS should 
be initiated. The study also showed that affected 
offspring with a parental history of ALS developed 
their symptoms much earlier than their parents, 
suggesting an anticipation phenomenon similar 
to what is observed in some Huntington disease 
patients.

There are limitations in this study, which the 
authors acknowledged. It was not known if the 
incidence of ALS changed during the lifespan 
of the patients and their parents. Association of 
environmental factors with risk of the disease was 
not evaluated directly in this study. Importantly, 
only 674 patients were tested for C9orf72 repeats 
out of 1,117 in the cohort. Thus, it is possible the 
presented heritability data pertaining to C9orf72 
status might be skewed because of the unknown 
status of the large remaining part of the cohort.

Overall, however, this complex epidemiological 
study was well designed and executed. The findings 
clearly warrant further studies in larger and more 
diverse groups of patients to evaluate heritabil-
ity in ALS. Furthermore, additional studies aimed 
to discover new genetic loci contributing to the 
heritability and pathogenesis of ALS are needed as 
well.  n
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ABSTRACT & COMMENTARY

Immune Cell Infiltration Drives Cerebral 
Edema in Glioblastoma
By Evan Noch, MD, PhD
Instructor, Department of Neurology, Weill Cornell Medical College

Dr. Noch reports no financial relationships relevant to this field of study.

SYNOPSIS: Glioblastoma-associated cerebral edema is a dreaded aspect of these tumors. Accumulating evidence suggests that immune 
dysregulation by glioblastoma cells induces tumor-associated edema and that disruption of this tumor-immune interaction may represent a 
novel strategy to reduce cerebral edema in glioblastoma.

SOURCE: Herting CJ, Chen Z, Maximov V, et al. Tumour-associated macrophage-derived interleukin-1 mediates glioblastoma-associated 
cerebral oedema. Brain 2019;142:3834-3851.
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Glioblastoma remains one of the most lethal 
human cancers, with five-year survival of just 

5.6% despite surgical debulking, chemotherapy, 
and radiation. There have been only incremental 
improvements in overall survival for glioblastoma 
in the past 15 years, due largely to difficulties in 
blood-brain barrier penetration, intrinsic tumor 
heterogeneity, and bypass mechanisms that render 
single-target approaches ineffective. One area of 
glioblastoma that has gained more recent aware-
ness is the neurological sequelae of this devastat-
ing disease, both as a result of underlying biology 
and because of treatment. Cerebral edema often 
is a presenting feature of glioblastoma but also is 
caused by a variety of cytotoxic treatments and re-
sults in significant morbidity. On a biological level, 
glioblastoma-associated cerebral edema can result 
from a variety of mechanisms, including glutamate 
excitotoxicity that kills surrounding neurons to 
increase space to grow, tumor-induced inflamma-
tion, and dysregulated vasculature resulting from 
tumor-induced blood vessel thrombosis.

Herting et al demonstrated a new glioblastoma-im-
mune axis that regulates tumor-associated cerebral 
edema. For their glioblastoma mouse models, they 
used the well-established Ntv-a/Cyclin-dependent 
kinase 2a (Cdkn2a)-/-, platelet-derived growth fac-
tor B (PDGFB)-overexpressing glioblastoma model. 
Using an innovative technique of co-culturing 
bone marrow-derived macrophages (BMDMs) or 
microglia with organotypic tumor slices isolated 
from tumor-bearing mice, they show that BM-
DMs upregulate the interleukins, IL1a and IL1b, 
when cultured with the tumor slices. Interestingly, 
microglia exhibit the opposite response, with IL1a 
and IL1b downregulation. In this ex vivo model, 
dexamethasone treatment suppressed the BMDM 
response, leading to downregulation of both IL1a 
and IL1b, indicating that dexamethasone may 
impair the ability of glioblastoma cells to recruit 
BMDMs.

Through immune cell-profiling of excised tumors 
from mice, they found that dexamethasone-treated 
mice exhibited a reduction in tumor-associated 
myeloid cells and that this reduction was wholly 
explained by a reduction in the infiltration of 
BMDMs. Dexamethasone also impaired the ability 
of lymphoid cells to infiltrate the tumor. Notably, 
they did not find any effect of dexamethasone on 
markers of angiogenesis. Since they hypothesized 
that IL-1 signaling mediated the connection be-
tween glioblastoma and BMDM infiltration, they 
genetically ablated expression of IL-1 receptor 
(IL-1R) in their in vivo model. Indeed, immune cell 
profiling of these tumors demonstrated significant 

reduction in tumor-associated macrophages from 
Ntv-a/Il1r1-/- mice compared to tumors from Ntv-a 
mice. Adapting an assay that examines leakage of 
Hoechst dye through the blood-brain barrier, they 
also found that genetic ablation of IL-1R reduced 
blood-brain barrier permeability, similar to the 
clinical effects of dexamethasone or vascular endo-
thelial growth factor (VEGF) blockade.

To identify the ligands that mediate the IL-1R 
effect, they examined the role of the interleukins, 
IL1a and IL1b, which both signal through IL-1R. 
For these studies, they used a previously estab-
lished MRI-based assessment of tumor edema. 
They genetically ablated expression of these 
interleukins in their glioblastoma model and found 
that loss of IL1a alone or both IL1a and IL1b led 
to a dramatic reduction in tumor edema, establish-
ing that glioblastoma cells signal through the IL-1 
pathway to regulate tumor edema.

From a therapeutic perspective, dexamethasone 
has been demonstrated to impair radiation efficacy 
in glioblastoma through a variety of mechanisms, 
including regulation of immune infiltration and the 
blood-brain barrier. The authors sought to estab-
lish through genetic and pharmacological methods 
that IL-1 inhibition may be a suitable alternative to 
dexamethasone for the treatment of tumor-associ-
ated edema. Compared to Ntv-a mice,  
Ntv-a/Il1a/b-/- mice did not exhibit any reduc-
tion in median survival following radiation. The 
compound, gallium nitrate, which inhibits IL-1 
release in BMDMs, also had no impact on survival 
of radiated tumor-bearing mice when compared 
to vehicle-treated mice. These results indicate that 
an IL-1-based treatment strategy may avoid the 
deleterious effects of steroids in reducing radia-
tion efficacy while still reducing tumor-associated 
edema.

n COMMENTARY
Cerebral edema in glioblastoma represents a cause 
of significant morbidity, with few therapeutic 
options available. By establishing a new axis by 
which glioblastoma cells communicate with bone 
marrow-derived macrophages through the IL-1 
signaling pathway, the authors of this study have 
identified a putative target for modulation of tu-
mor-associated edema. Importantly, their findings 
that IL-1 knock-out or inhibition does not reduce 
the efficacy of radiation is a key consideration, 
given that dexamethasone can impair treatment 
efficacy. With the recent advent of immunotherapy 
for glioblastoma, dexamethasone also is under 
renewed scrutiny, as it induces immunosuppression 
that may interfere with the efficacy of this  
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therapy. The mechanism by which glioblastoma 
cells use IL-1 to communicate with BMDMs re-
mains unclear, and future studies should investigate 

the molecular interactions between glioblastoma 
cells and BMDMs that lead to aberrant immune 
infiltration into these tumors.  n

ABSTRACT & COMMENTARY

Therapeutic Hypothermia in Coma After 
Cardiac Arrest With Nonshockable Rhythm
By Alexander E. Merkler, MD
Assistant Professor of Neurology and Neuroscience, Weill Cornell Medical College, and Assistant Attending Neurologist, 
New York-Presbyterian Hospital

Dr. Merkler reports no financial relationships relevant to this field of study.

SYNOPSIS: Therapeutic hypothermia is beneficial and increases the probability of brain recovery in patients with coma due to cardiac 
arrest with a nonshockable heart rhythm.

SOURCE: Lascarrou JB, Merdji H, Le Gouge A, et al. Targeted temperature management for cardiac arrest with nonshockable rhythm.  
N Engl J Med 2019;381:2327-2337. 

In 2002, two landmark studies found that targeted 
temperature management with hypothermia was 

beneficial for improving neurological outcomes in 
patients in coma after cardiac arrest with shock-
able rhythms (ventricular fibrillation and ven-
tricular tachycardia).1,2 These studies completely 
changed the paradigm for the management of 
cardiac arrest, as therapeutic hypothermia became 
the standard of care in patients with cardiac arrest. 
However, recent studies have raised skepticism 
regarding the use of therapeutic hypothermia in 
patients with cardiac arrest, and specifically in 
those found in cardiac arrest with nonshockable 
rhythms.

In 2013, the authors of the Targeted Temperature 
Management (TTM) trial suggested that targeted 
temperature management to 33°C vs. 36°C was 
equivalent for patients in coma after cardiac ar-
rest. In this trial, 19% of patients had an initial 
nonshockable rhythm. The lack of a dose-response 
relationship with therapeutic hypothermia ques-
tioned its benefit and suggested that avoidance of 
fever may be equivalent to cooling.3 In addition, in 
an observational study of in-hospital cardiac arrest 
survivors in whom the majority had a nonshock-
able rhythm, there was no benefit of therapeutic 
hypothermia on survival.4 Thus, further data were 
necessary to evaluate the role of therapeutic hypo-
thermia in patients with cardiac arrest and, specifi-
cally, in those with nonshockable rhythms. 

HYPERION was a randomized clinical trial to 
evaluate the effectiveness of moderate therapeutic 
hypothermia in adults with coma after resuscitated 
out-of-hospital cardiac arrest with nonshockable 

rhythms. Investigators performed a randomized, 
controlled trial comparing moderate therapeutic 
hypothermia (33 degrees) vs. normothermia  
(37 degrees). The primary outcome was survival 
with a favorable neurological outcome 90 days 
post-arrest, defined as a score of 1-2 on the Cere-
bral Performance Category (CPC) scale.

A total of 581 patients were randomized and in-
cluded in the analysis. Bystander cardiopulmonary 
resuscitation (CPR) was performed in 70% of  
patients. On day 90 after cardiac arrest, there 
was a significant improvement in neurological 
outcomes in patients who underwent therapeutic 
hypothermia. Of the 284 patients in the therapeu-
tic hypothermia group, 29 (10.2%) had a favorable  
neurological outcome compared to 17 (5.7%) of 
the 297 patients in the normothermia group  
(P = 0.04). Mortality and adverse outcomes also 
were similar between the two groups.

n COMMENTARY
HYPERION was the first randomized clinical trial 
to clearly demonstrate a benefit of therapeutic 
hypothermia for patients in coma after cardiac 
arrest with nonshockable rhythms. Moreover, the 
results of the trial provide reassurance regarding 
the benefit of therapeutic hypothermia for patients 
with cardiac arrest in general. After the publica-
tion of TTM, skepticism grew in regard to whether 
therapeutic hypothermia was beneficial or whether 
avoidance of fever was the necessary ingredient to 
improve neurological outcomes. The HYPERION 
trial supports the use of therapeutic hypothermia 
in all patients in coma after out-of-hospital car-
diac arrest and buttresses the 2015 International 
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CME QUESTIONS

1.  According to the Besta criteria, which of the 
tests can be used to establish a diagnosis of 
definite SFN? 
a. Targeted clinical examination emphasizing 
temperature and pin sensation with QST
b. Sudomotor testing combined with QST
c. Abnormal intraepidermal nerve fiber 
density (IENFD) from distal leg skin biopsy
d. All of the above

2.  Anterior interosseous nerve syndrome:
a. usually is due to compression from a 
fibrous band.
b. is a non-compressive neuropathy 
characterized by median nerve intrinsic 
fascicular constrictions.
c. is a non-compressive neuropathy that 
demonstrates fascicular constrictions 
overwhelmingly in the forearm.
d. is a non-compressive neuropathy that 
demonstrates fascicular atrophy, defined as 
focal atrophy of the fascicle, with gradual 
tapering to a normal diameter proximal and 
distal to the enlargement.

3.  In the study by Ryan et al on heritability and 
amyotrophic lateral sclerosis (ALS), which of 
the following statements is supported?
a. There is no contribution of heredity to 
sporadic ALS.
b. There is no influence of sex on the 
heritability of ALS.
c. Mother-daughter pairs appear to have the 
highest risk of heritability.
d. Familial ALS is caused by the same gene 
mutation in all families. 

4.  Which of the following is true regarding 
cerebral edema associated with glioblastoma?
a. Cerebral edema has little effect on patient 
morbidity.
b. Immune dysregulation may play an 
important role in its development.
c. Dexamethasone used for the treatment of 
cerebral edema has few adverse effects.
d. Blood-brain barrier permeability does not 
regulate cerebral edema.

5.  A 68-year-old man is brought to the ED after 
having an out-of-hospital cardiac arrest. His 
initial rhythm was pulseless electrical activity. 
He received bystander cardiopulmonary 
resuscitation and achieved return of 
spontaneous circulation in 24 minutes. He 
is currently intubated and in a coma. Which 
of the following is true regarding use of 
therapeutic hypothermia?
a. Therapeutic hypothermia should not be 
used because the patient is in a coma after a 
cardiac arrest with an initial nonshockable 
rhythm.
b. Therapeutic hypothermia should be used 
because the patient is in a coma due to 
cardiac arrest with nonshockable rhythm.
c. Therapeutic hypothermia should not be 
used because therapeutic hypothermia is only 
beneficial in patients with cardiac arrest due 
to shockable rhythms.
d. Therapeutic hypothermia should be used 
in all patients with coma, regardless of the 
etiology.

Liaison Committee on Resuscitation 
guidelines, which recommend moderate 
therapeutic hypothermia for all patients 
with coma after successful resuscita-
tion from cardiac arrest. However, given 
the low rates of favorable neurological 
outcomes in patients with cardiac arrest, 
particularly in the United States, and only 
a 70% rate of bystander CPR, improve-
ment in public education of CPR is neces-
sary to further improve outcomes.  n
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