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ABSTRACT & COMMENTARY

Stereoelectroencephalography in Surgical 
Evaluation of Intractable Epilepsy
By Pegah Afra, MD
Associate Professor of Neurology, Weill Cornell Medical College; Associate Attending Neurologist,  
NewYork-Presbyterian Hospital; Adjunct Associate Professor, University of Utah

Dr. Afra reports she is on the speakers bureau and is a consultant for UCB and Sunovion, and is a consultant  
for GW Pharmaceuticals and SK-Pharma. 

SYNOPSIS: Epilepsy surgery is one of the treatment modalities for intractable pharmacoresistent epilepsy. For seizure freedom to be 
achieved, the epileptogenic zone (EZ) must be resected successfully. Stereoelectroencephalography is one of the invasive intracranial 
EEG recording techniques used for EZ localization. The technological advancements in the past two decades have made this procedure 
safer, more accurate, and easier to perform and therefore more readily available. 

SOURCE: Cardinale F, Rizzi M, Vignati E, et al. Stereoelectroencephalography: Retrospective analysis of 742 procedures in a single 
centre. Brain 2019;142;2688-2704.

This article is the largest retrospective study of 
stereoelectroencephalography (SEEG) series 
ever reported. It describes a 20-year history of 

SEEG activity of a single epilepsy center: the “Claudio 
Munari” center for epilepsy surgery in Milan, Italy. 
Cardinale et al provided a recent and current review 
of indications, efficacy, results, outcome predictors, 
and complications of SEEG.

From a prospectively maintained database, the au-
thors selected three different subsets of patients (SEEG 

713, SEEG 630, and SURG 1851) and retrospectively 
analyzed them in multiple different subsets as below:

1. SEEG 713: A group of 713 patients (400 male/313 
female; mean age 26.2 years and 25.9% younger than 
18 years) who had 740 SEEGs between May 1996 
and July 2018.1 The dataset was analyzed retrospec-
tively to determine efficacy and morbidity of SEEG. 
Overall, 93.6% of patients underwent scalp video-
EEG (prior to SEEG) and the remainder had seizures 
captured during routine EEG or had an MRI-visible 
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lesion. The total number of implanted 
electrodes in these 742 SEEG procedures 
were 10,084. The mean number of im-
planted electrodes per subject was 13.59 
(range 3-22) with less than six electrodes in 
only six procedures. The implantation was 
unilateral in 84% (48% on the right, 36% 
on the left) and bilateral in 16% (asymmet-
ric in 12%, symmetric in 4%). Following 
SEEG, 80% of patients were selected for 
surgery; 15% were not candidates (be-
cause the epileptogenic zone [EZ] was not 
well-defined, was multifocal, or included 
eloquent cortex), and 5% refused the final 
treatment option or were not operated on 
because of SEEG-related complications. 
The complication rate was 1.8% includ-
ing 0.5% major events (four patients: one 
death from massive brain edema/hypona-
tremia, two intracranial bleedings resulting 
in permanent contralateral hemiplegia, and 
one compartment leg syndrome resulting in 
permanent deficit of foot dorsiflexion). 

2. SEEG 630: A group of 630 patients 
who underwent SEEG up to July 2016 and 
were analyzed retrospectively to look for 
predictors of seizure outcome using logistic 
regression models.2 For the purpose of 
analysis, a “favorable” outcome was de-
fined as the patient being free of disabling 
seizures (corresponding to ILAE class 1-2 
and Engel classes Ia-Ic). An “unfavor-
able” outcome was defined as not free of 
disabling seizures (corresponding to ILAE 
classes 3-6 and Engel classes II-IV). The 
data from 630 patients were analyzed in 
three subsets below: 

A) SURG 470: A subset of 470 patients 
who underwent SEEG-guided resective/ 
disconnection surgery: 59.4% had favor-
able outcome with 48.9% ILAE class 
I outcome (4/5 Engel Ia and 1/5 Engel 
Ic). The remaining 40.6% had disabling 
seizures. Unfavorable outcome predictors 
were negative MRI and remnant lesion 
increasing the risk of seizure recurrence by 
1/3. Favorable outcome predictors included 
type II focal cortical dysplasia (FCD), bal-
loon cells, glioneuronal tumors (GNTs), 
mesial temporal sclerosis (MTS), and 
periventricular nodular heterotopia (PNH), 
decreasing the risk of seizure recurrence 
by half. Additionally, older age at epilepsy 
onset reduced the risk of unfavorable 
outcome.

B) SURG 278: A subset of 278 patients 
who underwent SEEG-guided resective/
disconnection surgery with at least 10 
years of follow-up. Unfavorable outcome 
predictors were negative MRI and remnant 
lesion, while type II FCD predicted favor-
able outcome.

C) RF-THC 153: A subset of 153 patients 
who underwent SEEG-guided radio-
frequency thermal coagulation. For the 
purpose of analysis of this subset, optimal 
responders were defined as patients who 
had favorable outcomes or were not keen 
to undergo resective/disconnective surgery 
because they were satisfied with clinical re-
sults (regardless of outcome class). In these 
153 patients, 83.7% had unsatisfactory 
results and 16.3% were optimal respond-
ers (4/5 in ILAE class 1-2 [i.e., favorable 
outcome] and 1/5 in ILAE class 3). A 
higher seizure rate predicted unsatisfactory 
outcome, and PNH at MRI was significant-
ly associated with better outcome. Male 
gender resulted in better outcome, with 
trends toward significance. There was 2% 
incidence of major events/complications. 

3. SURG 1851: A group of 1,851 patients 
who underwent resective/disconnective 
surgery up to July 2018. This analysis 
was done to report on SEEG indications. 
Overall, the results showed that through-
out the years, the bulk of MRI-negative 
SEEG-studied subjects progressively 
increased while the proportion of subjects 
with common causes (MTS, GNTs, and 
FCD) decreased. Regardless, the propor-
tion of seizure-free patients did not de-
crease throughout the years. Additionally, 
the proportion of SEEG-studied patients 
who underwent resective surgery in 
Rolandic-perirolandic regions progressively 
decreased. 

A) SURG 1598: A subset of 1,598 patients 
who underwent resective/disconnective sur-
gery and had up to 24 months of follow-
up. This subset was analyzed to compare 
seizure outcomes between subjects who 
were studied by SEEG and subjects who 
were not studied by SEEG (by means of 
contingency table). After surgery, disabling 
seizures recurred in 40.6% of patients who 
underwent SEEG and in 18.4% of patients 
who did not have SEEG.
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B) SURG 767: a subset of patients who underwent 
resective/disconnective surgery with at least 10 years of 
follow-up. The subset was analyzed to determine if the 
chance of being free of disabling seizures was different 
between the subjects who were or were not studied 
with SEEG. The results showed that the recurrence of 
disabling seizures (unfavorable outcome; classes 3-6) 
was more than double for patients who underwent 
SEEG. 

n COMMENTARY
The SEEG data confirm that indications for SEEG 
have not changed in more than 50 years. In summary, 
SEEG (as well as any other invasive intracranial EEG) 
is indicated when analysis of anatomico-electro-clinical 
correlations obtained by noninvasive methods are in-
sufficiently concordant or inconclusive and, therefore, 
do not support a unified hypothesis on the location of 
the EZ and surgical proposal or when EC is involved 
early. Of the 742 SEEG procedures carried out on 713 
patients (with total implantation of 10,084 electrodes), 
there were four clinically relevant intracranial bleeds, 
making an implantation-related intracranial bleeding 
rate of 0.04% per electrode. The overall complication 
rate for 742 procedures was 1.8%, including 0.5% 
major events (death or permanent neurological sequel). 
All of these data point to the fact that SEEG is a safe 
and well-tolerated neurosurgical procedure. 

After SEEG evaluation, resective surgery was indicated 
in 79.9% of the patients. Of the patients who under-
went surgery, 59.4% were free of disabling seizures 
at least two years after surgery. This suggests that 
when noninvasive localization methods (clinical data, 
scalp video EEG, and neuroimaging) are insufficient 
for localization of EZ, SEEG is an effective method in 

further evaluating patients with intractable epilepsy for 
the purpose of resective surgery. There was a progres-
sive increase of MRI-negative cases throughout the 
years; however, the proportion of seizure-free patients 
did not decrease throughout the years. This is a subtle 
suggestion that technological advancements may have 
had some positive effect on the surgical outcomes by 
improving accuracy and therefore outcome. 

In the presented data, MRI-negative and post-surgical 
lesion remnant were significant risk factors for seizure 
recurrence, while type II FCD, balloon cells, GNTs, 
MTS, older age at epilepsy onset, and PNH were 
significantly associated with seizure freedom. This 
makes absolute sense, since SEEG is only a diagnostic 
modality, and the ultimate outcome of epilepsy surgery 
will depend on the population that is being treated. For 
example, patients with MRI-negative lesions are more 
likely to have hard to localize EZ and require bilateral 
electrodes, while patients with lesions in the EC are 
more likely to undergo partial resection. Therefore, it 
only makes sense that these were predictors of unfavor-
able outcome. On the other hand, patients with well-
defined lesions, like type II FCD, balloon cells, GNTs, 
and MTS, are less likely to have bilateral or extensive 
EZ; therefore, this pathology correlates with favorable 
surgical outcome.  n
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ABSTRACT & COMMENTARY

Prognosis in Small Fiber Neuropathy
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: Small fiber neuropathy is a common disorder that causes chronic pain, but rarely progresses to disability or more severe 
neurological disorders. Management of the pain continues to be the major challenge in treatment.

SOURCE: MacDonald S, Sharma TL, Li J, et al. Longitudinal follow-up of biopsy-proven small fiber neuropathy. Muscle Nerve 
2019;60:376-381.

Causing pain in the distal extremities and more 
prevalent with older age, small fiber neuropathy 

(SFN) is characterized by diminished pain sensation 
in the legs, with normal strength, intact deep tendon 
reflexes, normal position and vibration sensation and 
electrodiagnostic testing, diminished sudomotor func-
tion, and an abnormal skin punch biopsy showing 

reduced epidermal or sweat gland nerve fiber density, 
or both. Often idiopathic in nature, SFN commonly 
is seen in patients with diabetes and alcoholism, but 
long-term outcome of these patients has not been well 
studied. In recent years, many patients with “fibromy-
algia” have been diagnosed with small fiber neuropa-
thy. A retrospective study of Cleveland Clinic patients 
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with biopsy-proven SFN was undertaken to address the 
long-term consequences of SFN.

Patients with typical sensory or autonomic symptoms 
of SFN, including burning, tingling, numbness, light-
headedness, bowel or bladder symptomatology, sweat-
ing abnormalities, or tachycardia, and who underwent 
3-mm skin punch biopsy of the foot and thigh between 
2005 and 2008 at the Cleveland Clinic, were included 
in this retrospective study. Exclusionary factors encom-
passed significant large nerve fiber involvement, such as 
weakness, impaired deep tendon reflexes, and impaired 
position or vibration sensation, or the presence of any 
significant coexisting neurologic condition. At least one 
follow-up visit, two years following SFN diagnosis, 
was required for inclusion. Findings at the final visit, 
including presence of neuropathic pain, autonomic 
symptoms, findings on neurological examination, and 
gait and employment status, were compared to those 
of the initial visit for assessment of disease progres-
sion. Statistical analysis comprised the Kruskall-Wallis, 
Wilcoxon rank-sum, and Fisher’s exact tests, with  
P < 0.05 considered significant.

Among 877 patients seen for neuropathic symptoms 
during the study period and who underwent skin punch 
biopsy, 343 had normal skin biopsy results, 345 were fol-
lowed for less than two years, 45 had no follow-up, and 
43 had other neurological disorders, leaving 101 patients 
(39 men and 62 women) with an average age of 51 years, 
eligible for study. Over an average of 6.2 years following 
diagnosis, neuropathic pain resolved in 15 but appeared 
in an additional 13, being present in 98% of patients 
during the study, with 96% receiving on average 4.4 
different medications, most often gabapentin, pregabalin, 
duloxetine, tricyclic antidepressants, and topical capsa-
icin or lidocaine. Autonomic dysfunction, present in 25 
(24.8%) at the initial visit, encompassing cardiac rhythm 
irregularities, presyncope, bowel or bladder abnormali-
ties, impaired or excessive sweating, and dry mouth 
or eyes, resolved in 10 patients and improved in five 

patients, with a single patient developing new autonomic 
symptoms. Neurological examination was normal in 33 
patients by the final visit, compared to 19 at the initial 
visit, and abnormal temperature sensation was found in 
10 at the final visit, compared to 23 at the initial visit. By 
the final visit, 98% (99/101) remained ambulatory, and 
SFN was felt to account for unemployment in 5.3%. No 
cause for SFN was found in 50.5%. SFN is rarely a cause 
of disability, unemployment, or impaired ambulation, 
but pain control remains challenging.

n COMMENTARY
SFN has an incidence of 12 per 100,000 population 
and rarely also may affect children. Its quantification is 
assessed by skin punch biopsy, or, noninvasively, using 
corneal confocal microscopy, which permits visualiza-
tion of unmyelinated C-nerve fibers from the trigeminal 
nerve that travel to Bowman’s membrane of the cornea. 
Functionality of small nerve fibers is measured using: 
1) quantitative sensory testing (QST), which quanti-
fies sensory perception thresholds carried by small and 
large nerve fibers; 2) microneurography, which records 
C-nociceptor and sympathetic fiber activity; and 3) 
nociceptive-evoked potentials, which are generated by 
either radiant heat or contact heat, selectively activat-
ing Aδ- and C-fibers. Three voltage gated sodium 
channels, Naν1.7, Naν1.8, and Naν1.9, encoded by 
genes SCN9A, SCN10A, and SCN11A, are preferen-
tially expressed in peripheral neurons and play a role in 
human pain disorders. Gain-of-function SCN9A vari-
ants have been described in inherited erythromelalgia, 
paroxysmal extreme pain disorder, and SFN, whereas 
loss-of-function SCN9A variants are associated with 
congenital insensitivity to pain. Pain relief for SFN will 
achieve greater efficacy when its pathophysiology is 
better understood.1  n

REFERENCE
1. Sopacua M, Hoeijmakers JGJ, Ingemar SJM, et al. Small-fiber 

neuropathy: Expanding the clinical pain universe. J Periph Nerv 
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ABSTRACT & COMMENTARY

Treating Depression in Epilepsy:  
To Medicate or Not?
By Padmaja Kandula, MD 
Assistant Professor of Neurology and Neuroscience, Comprehensive Epilepsy Center, Weill Cornell Medical College

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

SYNOPSIS: Epileptic patients with major depression were randomized to either cognitive behavioral therapy (CBT) or sertraline. 
Depression and related secondary health outcomes were analyzed in both groups. Sertraline and CBT were found to be equally efficacious 
with improvement in mood in just over one-half of the patients. 

SOURCE: Gilliam F, Black KJ, Carter J, et al. A trial of sertraline or cognitive behavioral therapy for depression in epilepsy. Ann Neurol 
2019;86:552-560.
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Depression has been a long-standing comorbidity 
for patients with many neurologic conditions, 

including epilepsy. The risk of suicidality is 30 times 
greater in those with combined epilepsy and depression 
vs. the general population. In recent years, the preva-
lence and global healthcare utilization of both condi-
tions continues to increase, yet optimal treatment is 
not clearly defined in this sub-population. In addition, 
there are potential safety concerns with regard to selec-
tive serotonin reuptake inhibitors (SSRIs), including the 
risk of lowering of seizure threshold or induction of 
suicidal ideation. 

Gilliam et al randomized epileptic patients with major 
depression to either sertraline treatment or cognitive 
behavioral treatment (CBT). Primary outcome mea-
sures included depression severity. Secondary outcomes 
included seizure counts, side effects, quality of life, and 
suicidality. Subjects were recruited from either general 
neurology or epilepsy clinics at two major institu-
tions. Patients were included in the study if they were 
between 21 and 75 years of age; carried a diagnosis of 
epilepsy as confirmed by an epileptologist; had occur-
rence of a clinically recognized seizure within the last 
12 months on approved anticonvulsant; scored >14 
on the Centers for Epidemiological Studies Depression 
Scale (CES-D); were diagnosed with major depressive 
episode on the Mini International Neuropsychiatric 
Interview (MINI); and were able to read and under-
stand the study protocol and documents. A computer-
generated code randomized patients to either CBT or 
sertraline therapy.

Subjects were re-evaluated with the Beck Depression 
Inventory (BDI), CES-D, seizure counts, and side ef-
fects between office visits and monthly at scheduled 
follow-up. Sertraline was titrated by 50 mg increments 
every two weeks as needed for a CES-D score > 14, up 
to a maximum daily dose of 200 mg per day. Standard-
ized CBT was performed by a licensed therapist for 
one-hour increments weekly, during the 16-week study 
period.

Primary outcome measures included the proportion of 
patients achieving depression remission as gauged by 
the MINI. Secondary endpoints included depression 
severity utilizing BDI and CES-D, suicidality (suicide 
sub-sections of MINI), quality of life (QOLIE or 
Quality of Life in Epilepsy Inventory), medication side 
effects (adverse events profile), and seizure severity and 
rate via standardized seizure calendars and based on 
International League Against Epilepsy classification. 

A total of 140 patients were randomized to either treat-
ment arm. Nearly 90% of patients had not received 
prior depression treatment. There was a similar treat-
ment cessation dropout rate (5.6% vs. 7.3%) for both 

the sertraline and CBT groups, respectively, However, 
both groups completed outcome assessments. 

In the final analysis, 52.8% of patients assigned to 
sertraline achieved depression remission as defined by 
the MINI. The majority of patients (37%) achieved 
remission with an average sertraline dosage of 100 mg 
per day; 60.3% of patients achieved depression remis-
sion with CBT. The difference in time to remission 
between both groups was 2.8 days. Overall, there was 
an improvement in quality-of-life scores of 28% in the 
sertraline group vs. 27% in the CBT group. 

The principle seizure outcome assessment was simi-
lar between both arms as well. The occurrence of a 
convulsion (in those who  had convulsion six months 
prior to enrollment) was low, at 7.8% and 7.5% in the 
sertraline vs. CBT group. No significant difference in 
mean adverse events was noted between groups. De-
pression remission was associated with lower adverse 
event profile scores compared to those with continued 
depression for both groups. 

n COMMENTARY
This randomized, naturalistic study has several im-
portant implications. Depression can remit in 50% 
of epilepsy patients with major depression by using 
effective medical or behavioral therapy. Surprisingly, 
modest doses of SSRIs (100 mg) or one-hour weekly 
CBT sessions efficiently and effectively treated depres-
sion. The difference in time to remission was less than 
three days between both treatment modalities. The 
convulsion rate between both groups was similarly 
low. Remission of depression resulted in improved 
quality-of-life scores. Adverse events were similar 
between both groups, and decreased over time in both 
groups as depression remitted. Lastly, the persistence of 
depression was the only statistically significant predic-
tor of suicidality. So, this begs the question: Why are 
clinicians not treating depression aggressively? As the 
global health burden of chronic disease continues to 
rise and access to mental health declines, early identi-
fication and treatment of comorbidities will become 
inevitable. This study is an example of how simple 
therapeutic strategies can have a great impact on the 
various psychosocial aspects of epilepsy.  n

[The persistence of depression was the 

only statistically significant predictor of 

suicidality. This begs the question: Why 

are clinicians not treating depression 

aggressively?]
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Patients With Stable Coronary Disease 
and Atrial Fibrillation Are Best Treated 
With Rivaroxaban, Alone

SOURCE: Yasuda S, Kaikita K, Akao M, et al. Antithrombotic therapy for 
atrial fibrillation with stable coronary disease. N Engl J Med 2019;381: 
1103-1113.

Optimal antithrombotic therapy for stroke preven-
tion in patients with atrial fibrillation continues 

to evolve. Subcategories may require different types of 
therapy. In this Japanese study, performed as a multi-
center, open-label trial, 2,236 patients with atrial fibril-
lation, who had percutaneous coronary intervention 
or bypass grafting more than a year earlier and who 
were stable, were randomized to receive monotherapy 
with rivaroxiban alone or combination therapy with 
rivaroxaban plus a single antiplatelet agent. The 
primary endpoint was a composite of stroke, systemic 
embolism, myocardial infarction, unstable angina, or 
death from any cause, and it was analyzed for non-
inferiority. The primary safety endpoint was major 
bleeding.

This trial was stopped early because of increased 
mortality in the combination therapy group of rivar-
oxaban plus an antiplatelet agent. Monotherapy with 
rivaroxiban was noninferior to combination therapy 
for the primary efficacy endpoint, with event rates of 
4.14% and 5.75% per patient year, respectively. Re-
garding the safety endpoint, rivaroxaban was superior 
with event rates of 1.62% and 2.76% per patient year, 
respectively, for a hazard ratio of 0.59 (P = 0.01). Be-
cause this study was performed only in Japan, caution 
should be taken before generalizing these findings to 
other countries with different ethnicities.  n

What Is the Optimal Blood Pressure  
for Secondary Prevention of Stroke?

SOURCE: Kitagawa K, Yamamoto Y, Arima H, et. al, for the Recurrent 
Stroke Prevention Clinical Outcome (RESPECT) Study Group. Effect of 
standard vs intensive blood pressure control on the risk of recurrent stroke: 
A randomized clinical trial and meta-analysis. JAMA Neurol 2019;76: 
1309-1318.

High blood pressure is the most prevalent and 
important risk factor for stroke, and great efforts 

have been made to reduce blood pressure for both  
primary and secondary stroke prevention. In clini-
cal trials of primary prevention of all cardiovascular 
events, which includes stroke, lower blood pressure 
seems to be better in all patients, and a systolic blood 
pressure of less than 115 mmHg has been recommend-
ed as a target. However, after a stroke, there continues 
to be controversy and debate over the ideal target 
blood pressure. In this study, the authors randomized 
1,280 patients who already had suffered an ischemic 
or hemorrhagic stroke into two blood pressure (BP)
treatment arms — standard therapy, defined as BP 
control with a target less than 140/90 mmHg, and an 
intensive treatment arm, with a blood pressure target 
of less than 120/80 mmHg. The primary outcome 
measure was stroke recurrence.

This study was performed in Japan, and it was 
stopped early. Of the 1,263 enrolled patients, the mean 
age was 67.2 years, and 69.4% were male. A total of 
99.5% of the patients completed a mean follow-up 
of 3.9 years, with a mean blood pressure at baseline 
that was 145.4/83.6 mmHg. In the standard group, 
throughout the overall follow-up, the mean BP was 
133.2/77.7 mmHg. In the intensive treatment group, 
mean BP was 126.7/77.4 mmHg. When comparing the 
rate of recurrent stroke between the two groups, there 
was a nonsignificant rate reduction in the intensive 
group compared to the standard group. The investiga-
tors then pooled their data with findings from three 
previous randomized, controlled trials in a meta-
analysis, and stated that with this larger group, the 
risk ratio favored intensive BP control (relative risk, 
0.78; P = 0.02). The authors concluded that intensive 
blood pressure lowering tended to reduce stroke recur-
rence and recommended a target BP that was less than 
130/80 mmHg for secondary stroke prevention.

There are problems with the recommendation of the 
investigators. They excluded patients 85 years of age 
and older, and this is a large cohort of stroke patients. 
The authors were only able to show a significant 
difference by doing a meta-analysis and pooling data 
from other studies, and this was not part of their 
initial research plan. They terminated the study early 
before any firm conclusions could be drawn. At this 
time, we do not have evidence to support a firm rec-
ommendation for optimal blood pressure management 
for secondary stroke prevention.  n

Stroke Alert
By Matthew E. Fink, MD
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Smartwatches for the Diagnosis  
of Atrial Fibrillation

SOURCE: Perez MV, Mahaffey KW, Hedlin H, et al, for the Apple Heart 
Investigators. Large-scale assessment of a smartwatch to identify atrial fibril-
lation. N Engl J Med 2019;381:1909-1917.

I just bought a new Apple watch, and as I was set-
ting it up, it asked me if I would like to register with 

Apple to receive notification if my watch picked up an 
abnormal heart rhythm. What should I do?

The Apple Heart Study Investigators published their 
initial findings recently, and their report may give us 
more information that can help answer the question. 
The study participants were people without atrial 
fibrillation who purchased a smart phone app and 
consented to monitoring using a smartwatch-based 
irregular pulse notification algorithm, which identi-
fied possible atrial fibrillation. If notification occurred, 
the person was mailed an electrocardiography (ECG) 
patch to be worn for seven days to confirm the find-
ings first identified by the smartwatch. Participants 
were surveyed 90 days after notification of irregular 
pulse and at the end of the study. The main objectives 
were to estimate the proportion of notified partici-
pants with atrial fibrillation diagnosed by an ECG 
patch, and the positive predictive value of a smart-
watch identifying an irregular pulse.

The investigators recruited 419,297 participants in 
less than a year and participants were monitored over 
a median of 117 days. A total of 2,161 participants 
(0.52%) received notifications of irregular pulse. Of 
the 450 participants who returned their ECG patches 
containing data for analysis, atrial fibrillation was 
identified in 34%, overall. In participants 65 years of 
age or older, atrial fibrillation was present in 35%. 
The positive predictive value for observing atrial 
fibrillation after an irregular pulse notification from 
a smartwatch, was 0.84. Of the 1,376 notified par-
ticipants who returned a survey, 57% contacted their 
own healthcare providers outside of the study.

The age distribution of this group is different than 
the usual cohort at risk for atrial fibrillation: 52% 
were between the ages of 22 and 39 years of age, and 
only 5.9% were 65 years or older. The group that 
purchased and wore smartwatches were considerably 
younger than patients at risk for atrial fibrillation 
or stroke. Therefore, the overall rate of notification, 
about one half of 1%, is quite low but applies largely 
to a healthy cohort of young people. A much more 
useful study would have included an older cohort that 
carries a higher risk of atrial fibrillation. What do we 
do with several hundred young people who had an 
irregular heart rate picked up by the smartwatch, but 

are otherwise in excellent health? Do we subject them 
to an expensive cardiac evaluation? Is this study good 
for the people who were being monitored, or is it good 
for Apple to encourage people to buy their smart-
watch? 

What should I do? Well, since I am in the over-65 age 
group, and my mother had atrial fibrillation, I will 
sign up and become a participant.  n

Dual Antiplatelet Therapy Results  
in Increase in Serious Hemorrhages  
Following TIA or Minor Stroke

SOURCE: Tillman H, Johnston SC, Farrant M, et al. Risk for major hemor-
rhages in patients receiving clopidogrel and aspirin compared with aspirin 
alone after transient ischemic attack or minor ischemic stroke: A secondary 
analysis of the POINT randomized clinical trial. JAMA Neurol 2019;76: 
774-782.

The POINT trial showed a 25% reduction in the 
composite outcome of ischemic stroke, myocar-

dial infarction, or ischemic vascular death in patients 
treated with clopidogrel plus aspirin for 90 days, im-
mediately following a transient ischemic attack (TIA) 
or minor acute ischemic stroke. Although there is rec-
ognition that combination therapy carries a higher risk 
of serious bleeding, this group of patients was thought 
to be at low risk for intracerebral hemorrhage because 
only a small area of the brain was at risk from mi-
nor ischemic syndromes. The investigators have now 
provided a secondary analysis reporting on the right 
rate and types of major hemorrhages that occurred in 
this cohort.

The two groups consisted of patients treated within 
12 hours of symptom onset, with either aspirin alone, 
50-325 mg per day, or clopidogrel, 600 mg loading 
dose on day 1 followed by 75 mg daily for days 2-90. 
All minor and major hemorrhages were identified and 
recorded. The study included 269 sites worldwide 
that randomized 4,881 patients, at a median age of 
65 years, with 45% women. Major hemorrhages oc-
curred in 21 patients (0.9%) receiving clopidogrel plus 
aspirin and six patients (0.2%) in the aspirin-alone 
group. Four patients died from hemorrhages, three in 
the clopidogrel group and one in the aspirin group, 
and three of the four fatalities were from intracranial 
hemorrhage. Overall, there were seven intracranial 
hemorrhages, five in the clopidogrel group and two 
in the aspirin group. The most common location for 
major hemorrhages, however, was in the gastrointesti-
nal tract.

Overall, the risk of major hemorrhages was low in 
both groups, although treatment with clopidogrel  
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CME QUESTIONS

1. In the 2019 study by Cardinale et al, what was 
the risk of intracranial bleeding per implanted 
SEEG electrode?
a. 40%
b. 4%
c. 0.04 %
d. 0.004%

2. Which of the following correlated with 
favorable outcome in patients undergoing 
SEEG in the 2019 study by Cardinale et al? 
a. Bilateral epileptic foci
b. Focal cortical dysplasia (FCD) type II in 
the Rolandic area
c. Periventricular nodular heterotopia (PVH)
d. Glioneuronal tumors (GNTs) in the 
Wernicke’s area

3. In the study by Gilliam et al, major depression 
remitted in what percentage of patients?
a. 18%
b. 26%
c. 52%
d. 72%

4. Which of the following is true regarding small 
fiber neuropathy?
a. Small fiber neuropathy is often diagnosed 
as “fibromyalgia.”
b. An underlying cause for small fiber 
neuropathy is found in the vast majority of 
patients.
c. Absent deep tendon reflexes are a 
diagnostic feature of small fiber neuropathy.
d. Pain in small fiber neuropathy is more 
psychological than organic.

5. In patients with chronic atrial fibrillation 
and stable coronary artery disease, the best 
antithrombotic regimen includes a direct 
oral-acting anticoagulant and an antiplatelet 
medication. 
a. True
b. False

6. The optimal blood pressure target for 
secondary stroke prevention is a systolic blood 
pressure of 140 mmHg. 
a. True
b. False

7. The newest generation of smartwatches 
that can monitor pulse rates are able to pick 
up irregular heart rhythms, such as atrial 
fibrillation. 
a. True
b. False

8. Secondary stroke prevention with dual 
antiplatelet therapy carries an increased but 
acceptable risk of hemorrhagic complications. 
a. True
b. False
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CME INSTRUCTIONS

and aspirin together increased the risk of 
major hemorrhages over aspirin alone from 
0.2% to 0.9%. Caution should be taken and 

very close observation of patients main-
tained when treating with dual antiplatelet  
therapies.  n


