
Vol. 41, Issue 12, June 30, 2019
ReliasMedia.com

[INSIDE] 

Financial Disclosure: Internal Medicine Alert’s Physician Editor Stephen Brunton, MD, is a retained consultant for Abbott, Acadia, Allergan, AstraZeneca, 
Avadel, Boehringer Ingelheim, GlaxoSmithKline, Janssen, Mylan, and Salix; he serves on the speakers bureau of AstraZeneca, Boehringer Ingelheim, 
Janssen, Lilly, and Novo Nordisk. Peer Reviewer Gerald Roberts, MD; Editor Jonathan Springston; Editorial Group Manager Leslie Coplin; and 
Accreditations Manager Amy M. Johnson, MSN, RN, CPN, report no financial relationships relevant to this field of study.

Systemic Lupus 
Erythematosus

page 91

Hormone Therapy 
and Alzheimer’s

page 92

Who Benefits From 
ICU Care?

page 94

Pharmacology  
Update: Nayzilam

page 95

ABSTRACT & COMMENTARY

Sacubitril-Valsartan Reduces Functional 
Mitral Regurgitation
By Van Selby, MD
Assistant Professor of Medicine, University of California, San Francisco Cardiology Division, Advanced Heart 
Failure Section

Dr. Selby reports he is a consultant for Alnylam Pharmaceuticals and Akcea Therapeutics.

SYNOPSIS: In patients with chronic heart failure and functional mitral regurgitation, sacubitril/valsartan was associated with greater 
reduction in mitral regurgitation compared to valsartan alone.

SOURCE: Kang DH, et al. Angiotensin receptor neprilysin inhibitor for functional mitral regurgitation. Circulation 2019;139:1354-1365.

In patients with chronic heart failure (HF), left 
ventricular (LV) dysfunction and remodeling 
often lead to the development of functional 

(secondary) mitral regurgitation (MR). Sacubitril/
valsartan, an angiotensin receptor neprilysin 
inhibitor (ARNI), was shown in a large clinical trial 
to be more effective than enalapril for reducing the 
combined outcome of cardiovascular mortality and 
HF hospitalization. However, the effect of sacubitril/
valsartan on functional MR severity has not been 
studied.

The authors of the Pharmacological Reduction of 
Functional, Ischemic Mitral REgurgitation (PRIME) 
study randomized 118 patients with chronic HF and 

functional MR to sacubitril/valsartan or valsartan 
alone. All patients presented with stable functional class 
II-III symptoms, LV ejection fraction (EF) between 25% 
and 50%, and functional MR that had been present for 
at least six months despite medical therapy (including 
a beta-blocker and either an ACE inhibitor or ARB). 
All patients exhibited “significant” MR, defined as an 
effective regurgitant orifice area (EROA) > 0.1 cm2 
measured by echocardiography. The primary outcome 
was change in EROA at 12 months of follow-up. The 
average subject age was 62.6 years, and mean EF was 
34 ± 7%. The cause of functional MR was ischemic 
in 42 patients and nonischemic in 76 patients. For the 
primary outcome, patients randomized to sacubitril/
valsartan showed significantly greater reduction in 
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EROA (-0.058 cm2 vs. -0.018 cm2 in the 
valsartan group; P = 0.032). Also, the 
authors observed significant improvements 
in secondary outcomes, including 
regurgitant volume (a mean difference of 
-7.3 mL; P = 0.009) and LV end-diastolic 
volume index. Serious adverse events 
occurred in seven patients in the sacubitril/
valsartan group and nine patients in the 
valsartan group. 

The authors concluded that sacubitril/
valsartan reduces functional MR to a 
greater extent than valsartan. Sacubitril/
valsartan might be considered optimal 
medical therapy for patients with HF and 
functional MR.

n COMMENTARY
Functional MR develops because of 
factors that include LV and mitral annular 
dilation, leaflet tethering, dyssynchrony, and 
reduced contractility. Optimal treatment 
of functional MR is a source of ongoing 
debate. Medical therapy for HF has been 
shown to improve LV remodeling and 
thereby functional MR, although the 
associated morbidity and mortality remain 
high. The authors of two recent trials 
evaluated the use of a percutaneous clip 
for the treatment of functional MR, with 
conflicting results. 

The PRIME study arrives at an important 
time when the cardiology community is 
actively debating which treatments work 
best for which patients with functional MR. 
Sacubitril acts by increasing circulating 
levels of natriuretic peptides. This reduces 
both afterload and preload, important 
factors in the severity of MR. The 
sacubitril/valsartan group also experienced 
greater reduction in LV volume, which 
reduces contributing factors such as annular 
dilation and leaflet tethering.

Regardless of the mechanism, the authors 
demonstrated greater reduction in MR 
severity. Although the magnitude of change 
in the primary endpoint is difficult to put 
into clinical context, the degree of reduction 
in MR was substantial: EROA decreased 
by 30% in the sacubitril/valsartan group 
vs. 9% in the valsartan alone group. The 
authors made an interesting decision to 
include patients with EF up to 50%. They 
(correctly) noted that MR allows ejection 

into the low-pressure left atrium; therefore, 
EF overestimates the true systolic function 
of the left ventricle. While their point is 
valid, sacubitril/valsartan is only approved 
for HF with reduced EF. Treatment of 
patients with an EF > 40% would be off 
label, although ongoing clinical trials 
are evaluating the efficacy of sacubitril/
valsartan in HF with preserved EF.

How do the results of PRIME fit into 
the evolving approach to treatment 
of functional MR? The authors of the 
landmark Cardiovascular Outcomes 
Assessment of the MitraClip Percutaneous 
Therapy for Heart Failure Patients With 
Functional Mitral Regurgitation (COAPT) 
trial recently demonstrated significant 
reductions in hospitalization and mortality 
associated with percutaneous mitral repair. 
Patients enrolled in PRIME were younger, 
less symptomatic, and presented with less 
severe MR at baseline. Direct comparison 
of the two groups is challenging. 

Furthermore, the COAPT investigators 
evaluated clinical endpoints, whereas 
the PRIME investigators only studied 
echocardiographic measures of MR 
severity. Therefore, we cannot conclude 
that sacubitril/valsartan is comparable to 
percutaneous repair. However, it seems 
reasonable to initiate sacubitril/valsartan in 
patients with HF and functional MR while 
determining whether they also may benefit 
from invasive therapies that have been 
shown to improve functional MR, such as 
revascularization, cardiac resynchronization 
therapy, and percutaneous mitral repair. 
The PRIME authors concluded that 
sacubitril/valsartan should be considered 
part of optimal medical therapy for patients 
with chronic HF and functional MR. While 
certainly true, this is not a change from 
current guidelines. All patients in PRIME 
presented with class II-III symptoms despite 
treatment with an ACE inhibitor or ARB. 

Current guidelines already give a class I 
indication for switching such patients to an 
ARNI (assuming they have reduced EF). 
Rather, the findings serve as a reminder 
of the importance of making sure patients 
with chronic HF and functional MR 
receive the best guideline-directed medical 
therapy possible as the foundation of their 
treatment regimen.  n

mailto:customerservice@reliasmedia.com
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ABSTRACT & COMMENTARY

Neuropathy in Systemic Lupus Erythematosus
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: Systemic lupus erythematosus may be associated with a variety of neuropsychiatric syndromes, including peripheral neuropa-
thy, mostly sensorimotor types. However, all parts of the peripheral and central nervous system may be affected; careful and repeated 
neurological evaluation is important.

SOURCE: Bortoluzzi A, et al. Peripheral nervous system involvement in systemic lupus erythematosus: A retrospective study on 
prevalence, associated factors and outcome. Lupus 2019;28:465-474.

Neurologic or psychiatric symptoms occur in 12-
95% of patients with systemic lupus erythemato-

sus (SLE). The wide range reflects differences in study 
design, varied definitional criteria of neurologic and psy-
chiatric disease, and divergent exclusion and inclusion 
criteria. Common clinical syndromes include cognitive 
dysfunction, stroke syndromes, seizures, headache, and 
neuropathy. What is the prevalence of peripheral neuro-
pathic involvement in SLE and what forms does it take?

Medical records of SLE patients, seen between 2000 and 
2014, at two tertiary care referral centers in Cona and 
Cagliari, Italy, were reviewed retrospectively. Inclusion 
criteria required a diagnosis of SLE based on the 1997 
American College of Rheumatology revised classifica-
tion. Evidence of peripheral nerve involvement was 
based on recorded clinical and laboratory documenta-
tion. Follow-up for at least one year was necessary for 
inclusion. Sex-matched and disease duration-matched 
SLE patients, without neuropsychiatric abnormalities, 
served as controls. Pure compression neuropathies, such 
as carpal tunnel syndrome, were not included. A statisti-
cal analysis comprised the chi-square or Fisher’s exact 
test, as appropriate, and a two-tailed Student’s t-test or 
nonparametric Mann-Whitney U test for continuous 
variables, with P < 0.05 considered significant.

Among 1,224 patients, 85 patients experienced 97 
peripheral nervous system (PNS) events. Of these, 61 
patients were deemed to have experienced their PNS 
event as attributable to SLE. Most (67%) PNS events 
occurred at least three months following SLE diagnosis. 
However, in two cases it preceded diagnosis, and in 26 
patients it appeared at disease onset. Combined periph-
eral and central nervous system (CNS) involvement 

was seen in 47% (n = 40), concomitant in 32.5%, CNS 
subsequent in 2%, and preceding the PNS event in 65%. 
Peripheral polyneuropathy was the most common PNS 
event (43.3%), sensorimotor in 25% of events, sen-
sory in 13%, and small fiber in 4.1%, with autonomic 
neuropathy and plexopathy accounting for 1% each. 
Cranial neuropathy accounted for 30.9% of events, 
peripheral mononeuropathy for 12.4%, and multiple 
mononeuropathy for 8.2%. Myasthenia gravis was seen 
in 3.1%, and no instances of acute or chronic inflamma-
tory demyelinating polyradiculoneuropathy were noted.

Compared to controls, SLE patients with PNS involve-
ment were significantly older at the time of diagnosis 
and were more likely to score higher on the SLE Disease 
Activity Index 2000 and Systemic Lupus International 
Collaborating Clinics/American College of Rheumatol-
ogy damage index. Sjögren’s syndrome was more com-
mon in the PNS group, as was livedo reticularis, hyper-
tension, diabetes, and smoking, whereas malar rash and 
photosensitivity were more common in controls. Careful 
neurologic evaluation is necessary in SLE, particularly 
in older patients who are more likely to have neurologic 
involvement and more aggressive disease.

n COMMENTARY
Neuropsychiatric lupus, formerly termed lupus 
cerebritis, occurs in up to 50% of SLE patients, and 
encompasses a wide range of symptoms and syndromes, 
including headache, cognitive impairment, acute 
confusional states, psychosis, memory loss, stroke, and 
seizures. Some may be related to coagulopathy, but the 
affective and cognitive manifestations remain poorly 
understood. Anti-phospholipid antibodies activate 
platelets and endothelial cells and, with consequent 

https://bit.ly/2MgHd50
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Does Hormone Therapy Increase the Risk  
of Alzheimer’s Disease? 
By Jeffrey T. Jensen, MD, MPH
Leon Speroff Professor and Vice Chair for Research Department of OB/GYN, Oregon Health & Science  
University, Portland

Dr. Jensen reports that he is a consultant for and receives grant/research support from ObstetRx, Bayer, Merck, 

and Sebela; he receives grant/research support from Abbvie, Mithra, and Daré Bioscience; and he is a consultant for 

CooperSurgical and the Population Council.

SYNOPSIS: The results of a large Finnish case-control study suggest that postmenopausal hormone therapy results in a 9-17% increase in 
the risk of Alzheimer’s disease. However, the small effect size, and likely confounding of use effect, does not provide strong evidence for a 
causal relationship.

SOURCE: Savolainen-Peltonen H, et al. Use of postmenopausal hormone therapy and risk of Alzheimer’s disease in Finland: Nationwide 
case-control study. BMJ 2019;364:l665.

A number of case control and other epidemiologic  
 observational studies support a decrease in the 

risk of Alzheimer’s disease (AD) associated with use of 
postmenopausal hormone replacement therapy (HT). 
In contrast, the authors of the prospective, randomized 
Women’s Health Initiative Memory Study found 
that both oral conjugated equine estrogens alone, or 
in combination with medroxyprogesterone acetate, 
increased the risk of dementia and cognitive decline.1 

Savolainen-Peltonen et al conducted a large national 
case-control study that evaluated the relationship 
between HT and AD among postmenopausal 
women in Finland. They identified as cases all 
postmenopausal women in Finland who received 
an AD diagnosis from a neurologist or geriatrician 
between 1999 and 2013 to qualify for reimbursement 
for treatment from national health insurance, a total 
of 84,739 women. They used the Finnish national 
population register to identify an equal number of 
controls, matching by age and hospital district. They 
used data on HT use available from the Finnish 
national drug reimbursement register. They calculated 
odds ratios (OR) and 95% confidence intervals (CI) 
for AD using conditional logistic regression analysis. 

Most (99%) cases received the diagnosis of AD at or 
after 60 years of age, with 56% diagnosed after age 80 
years. Compared to never-users of HT, use of estradiol 
only resulted in a statistically significant overall 9% 
(OR, 1.09; 95% CI, 1.05-1.14) increase in the risk of 
AD, and use of combined HT increased the risk by 17% 
(OR, 1.17; 95% CI, 1.13-1.21). The differences between 
estrogen-only and combined HT were not significant. 
Use of vaginal estradiol was not related to risk of AD 
(OR, 0.99; 95% CI, 0.96-1.01). The use of tibolone, a 
selective estrogen receptor modulator with estrogenic, 
androgenic, and progestogenic activities, also was not 
associated with any increase in risk. 

The authors found similar associations in women who 
started HT at < 60 years of age and ≥ 60 years of age. 
The ORs increased minimally (and inconsistently) with 
duration of use in both women who started HT at < 60 
years of age and ≥ 60 years of age.

Based on these findings, the authors concluded that 
the long-term use of systemic HT “might be” associ-
ated with an overall increased risk of AD. They further 
concluded that the type of progestogen or the age at 
initiation of systemic HT does not modify the risk.

shedding of prothrombotic microparticles, may be the 
underlying mechanism of thrombosis in the venous 
and arterial circulation and pregnancy loss. However, 
neurobehavioral deficits also have been described 
following their intraventricular injection in mice models. 
Intrathecal injection of anti-N-methyl-d-aspartate 
receptor antibodies into mice produce affective and 
cognitive symptoms, whereas anti-ribosomal P protein 
antibodies bind limbic structures, thereby affecting 
memory and mood, and promote inflammation and 

blood-brain barrier impairment due to production 
of tumor necrosis factor. Improved understanding of 
the pathophysiology of neuropsychiatric lupus will be 
required to best treat its multifaceted manifestations.1  n

REFERENCE
1. Schwartz N, et al. Neuropsychiatric lupus: New mechanistic 

insights and future treatment directions. Nat Rev Rheumatol 
2019;15:137-152.
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n COMMENTARY
Aging is not easy. Although a good diet, exercise, and a 
healthy lifestyle can influence the progressive decline in 
physical capacity and stamina that comes with aging, 
all of us have seen cancer and dementia reduce both the 
quality and length of life. Therefore, it is not surprising 
that journals and the news media show great interest in 
reporting findings of studies that suggest a potential risk-
modifying factor. Unfortunately, most published studies 
present more noise than news. As clinicians, we must 
sort through the mess to help our patients draw reason-
able conclusions. How should we evaluate this new 
study suggesting an association of HT with development 
of Alzheimer’s dementia?

The short answer is that the limitation of the case-
control study design does not permit any reasonable 
conclusion. First, a case-control study can demonstrate 
association, but cannot show causality. When evaluat-
ing a case-control study, the presence of uncontrolled 
confounding always should be suspected as the explana-
tion for any association. The glaring confounder in this 
study is diagnosis bias. Women required a diagnosis 
of AD to qualify for benefits for AD treatment under 
the Finnish national insurance system; some benefits 
included medications. One can reasonably assume that 
those women who presented for medical care for AD 
also may have been more likely to present for (and 
have received) medical care for menopause. This would 
create a prescription bias favoring more HT use among 
those women diagnosed with AD. Thus, the selection of 
controls in this study does not appear appropriate for 
the comparison.

I am always impressed by how large sample size is used 
to demonstrate the importance of a finding. Journal 
editors love these large numbers; this study included 
almost 85,000 cases and 85,000 controls; it must be 
important, correct? Wrong. Large numbers allow for 
very precise and narrow CIs but do not influence or 
increase the significance of the effect size. This provides 
the frequent problem of a statistically significant and 
clinically unimportant result. Here, there was a small (9-
34%) increase in the odds ratio, (e.g., 1.09-1.34). These 
are extremely weak associations. In general, we should 
ignore ORs less than 2.0. The most likely explanation is 
bias.2 

In 2017, other Finnish investigators published results 
from the Kuopio Osteoporosis Risk Factor and Preven-
tion cohort, a population-based cohort followed for 
20 years. They reported a history of HT use did not 
change the risk of AD, but that a trend toward protec-
tion emerged with longer duration of self-reported use 
with an approximately 50% reduction in risk seen in 
women reporting > 10 years of HT (adjusted hazard 
ratio [HR], 0.53; 95% CI, 0.31-0.91).3 This prospective 
study provides much better evidence, with a more robust 

estimate of benefit that approaches a moderate effect 
(HR, 0.5). The creators of the Cache County Cohort, a 
prospective study of incident dementia in men and wom-
en residing in a single county in Utah, enrolled an older 
group of subjects (men and postmenopausal women in 
their 70s) than the Kuopio cohort (perimenopause to 
early menopause).4 In the Cache County study, men and 

women were equally likely to develop AD up to about 
age 80 years, when the relative risk for women more 
than doubled. Utah women who reported any use of HT 
exhibited a reduced risk of AD compared with non-HT 
users (adjusted HR, 0.59; 95% CI, 0.36-0.96). The 
reduction in risk showed a strong linear relationship, 
with duration of use becoming significant only among 
women using HT for more than 10 years. 

Again, the prospective nature of these studies provides 
more confidence in the risk estimates, with the 
magnitude of the protective effect of long-term (> 10 
years) HT on AD risk remarkably consistent. However, 
a healthy user effect could confound these results, so 
more research is needed. 

As I have stated before, cognitive benefits are not 
an indication for HT. Clinicians should discuss the 
limitations of the data and the potential risks and 
benefits of treatment. Bad studies, like this Finnish case 
control, can reduce the confidence of women to continue 
treatment, particularly if they are asymptomatic. I feel 
our best data still support the notion that HT continued 
for at least 10 years may maximize protection against 
the development of AD.  n
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[Our best data still support the notion 

that hormone replacement therapy 

continued for at least 10 years may 

maximize protection against the 

development of Alzheimer’s disease.]
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Physicians Cannot Agree on Who Benefits 
From ICU Care
By Betty Tran, MD, MSc
Assistant Professor of Medicine, Pulmonary and Critical Care Medicine, Rush University Medical Center, Chicago

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

SYNOPSIS: The authors of a study randomizing U.S. critical care physicians to analyze hypothetical patient vignettes found that estimates 
of whether a patient would benefit from ICU care were widely dissimilar among those surveyed and influenced by factors unrelated to 
severity of illness.

SOURCE: Valley TS, et al. Estimating ICU benefit: A randomized study of physicians. Crit Care Med 2019;47:62-68.

Appropriate allocation of ICU resources is  
 vital for most settings where the demand for ICU 

beds exceeds the supply. But it is also important to avoid 
deleterious effects associated with ICU overuse, includ-
ing higher costs, more iatrogenic complications, and 
overaggressive care at the end of life.1 Current Society of 
Critical Care Medicine (SCCM) guidelines recommend 
that patients be admitted strictly on their potential to 
benefit from ICU care. However, identifying the benefit 
of critical care for different patient populations remains 
elusive.2

Valley et al recruited volunteer members of SCCM to 
participate in a study which they were randomized to 
eight online vignettes of hypothetical patients with pneu-
monia. Each vignette included a randomized single pa-
tient factor related to severity of illness (blood pressure, 
mental status, oxygen requirement, respiratory rate) or 
hospital factor (patient age, patient race/ethnicity, pres-
ence of patient’s family at bedside, number of available 
ICU beds). Vignettes were designed so that clear indica-
tions for ICU admission (e.g., on mechanical ventilation 
or vasopressors) were avoided. The primary outcome 
was an estimate of ICU benefit in the form of the ques-
tion, “Would this patient receive the most benefit from 
admission to the general ward or the ICU?” A secondary 
outcome was the difficulty in assessing ICU benefit in the 
form of the question, “How difficult was this decision 
for you?” Responses used a 4-point Likert-type scale 
(e.g., “definitely general ward” to “definitely ICU”). 
There was a 14% recruitment rate, and 913 physicians 
ultimately completed all eight vignettes (75% comple-
tion rate). The average age of participants was 42 years. 
Most were male (65%), most were white (61%), and 
most worked in an academic clinical setting (73.1%) or 
academic hospital (66.7%). Among physicians review-
ing the exact same vignette, there was poor consensus 
(mean intraclass correlation coefficient, 0.06; standard 
deviation, 0.08; range, 0-0.18). Greater estimated benefit 
of ICU care was seen for increasing respiratory rate or 
oxygen requirement, decreasing blood pressure, and pa-
tient confusion. Physicians believed ICU care was more 

beneficial if they were told one ICU bed was available 
(compared to ICU bed availability not mentioned). Still, 
Valley et al observed no difference in estimated ICU ben-
efit if physicians knew that five ICU beds were available. 

Physicians believed ICU care was less beneficial if family 
was present than if family presence was not mentioned 
and if the patient was younger. Race/ethnicity had no 
significant effect. Physicians reported it was easier to 
estimate ICU benefit when the patient was hypotensive, 
but more difficult when the patient was confused or 
when the patient’s wife was crying at bedside.

n COMMENTARY
In general, for industrialized countries, for every increase 
of 100 hospital beds per 100,000 population, there are 
an extra 3.5 ICU beds.3 However, the United States is 
an outlier, spending more resources (and more money 
on healthcare overall) on ICU beds per capita than its 
counterparts with similar outcomes.3,4 These observa-
tions shine a light on ICU overuse and call for ideas to 
both reduce ICU demand while improving the quality of 
ICU care.

Although current societal guidelines acknowledge the 
need to triage ICU admissions based on a number of 
criteria, including specific patient needs, condition, 
prognosis, and bed availability, there are no benchmarks 
to delineate the “potential for the patient to benefit 
from interventions.”2 Valley et al demonstrated that 
even among a community of critical care colleagues, 
there is little consensus that defines which types of 
patients benefit from ICU admission. Surprisingly, the 
investigators found that their results conflicted with 
other studies in that ICU bed availability did not affect 
ICU admission decisions and that older age did not 
negatively affect ICU admission. Although the study 
design was randomized and has been shown to simulate 
clinical behavior, limitations included a low recruitment 
rate and sampling biases, as the study participants were 
more likely to be younger, male, and white compared to 
the SCCM population as a whole. In addition, one-third 
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of the participants had been in practice for four years 
or less and one-fifth practiced in surgery or anesthesia, 
suggesting they may be less experienced treating the 
patient population presented in the vignettes. Regardless, 
this study, especially when considered with prior work, 
demonstrates that clinicians allocate ICU resources 
inconsistently based on individual patient presentations. 
Generating a group of explicit “criteria” to allow or 
deny ICU admission may be impractical, not to mention 
fraught with ethical and legal concerns over the concept 
of explicit “rationing” of ICU care. Furthermore, a 
single set of decision rules would unlikely function well 
across hospitals in different communities and of varying 
capabilities. 

How can healthcare workers reduce ICU overuse? In an 
opinion piece, Kahn and Rubenfeld argued for implicit 
“rationing” through efforts to reduce the relative num-
ber of ICU beds. They called for introducing certificate 
of need laws at the state level to slow growth and 
incentivizing safe and effective triage by physicians, all 
with close monitoring to ensure no worsening effects on 

quality, adverse events, or health disparities.5 Ultimately, 
it will take thoughtful approaches to slow an unsustain-
able rate of healthcare consumption in the United States 
while improving quality of care for patients, regardless 
of whether they receive it in the ICU.  n
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Midazolam Nasal Spray (Nayzilam) CIV
By William Elliott, MD, FACP, and James Chan, PharmD, PhD
Dr. Elliott is Assistant Clinical Professor of Medicine, University of California, San Francisco.
Dr. Chan is Associate Clinical Professor, School of Pharmacy, University of California, San Francisco.
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The FDA has approved midazolam nasal spray 
(midazolam NS) for the acute treatment of seizure 

clusters. Midazolam is a widely used short-acting ben-
zodiazepine sedative/anxiolytic (available since 1985). 
Intranasal administration, using the parenteral form, has 
been used for years as a rescue drug for seizures. The new 
nasal formulation is distributed as Nayzilam.

INDICATIONS
Midazolam NS should be prescribed to treat acute inter-
mittent, stereotypic episodes of frequent seizure activity 
(acute repetitive seizures, seizure clusters) that are distinct 
from the patient’s usual seizure patterns. The drug is for 
patients with epilepsy who are ≥ 12 years of age.1

DOSAGE
The recommended initial dose is 5 mg (one spray) into 
one nostril.1 A second dose may be given into the op-
posite nostril after 10 minutes (if the patient has not 
responded to the first dose). For patients at risk for 
respiratory depression from a benzodiazepine, a test dose 
should be administered under supervision in the absence 
of a seizure episode.1 Midazolam NS is available as a 
single-dose nasal spray unit (with a plunger) containing  
5 mg of midazolam per 0.1 mL.

POTENTIAL ADVANTAGES
Midazolam NS is the first intranasal benzodiazepine 
approved for this indication. It is 10 times more 
concentrated than the off-label solution using the 
parenteral form (5 mg/mL), which typically would 
require administering 1 mL. The nostril has limited 
capacity to handle more than about 0.25 mL; administer 
too much, and the patient may swallow the excess.2 
Midazolam NS (base form) is potentially less irritating to 
the nasal mucosal because of lower acidity compared to 
the parenteral acidic form (pH of 5-9 vs. 3-5).1,3

POTENTIAL DISADVANTAGES
The most common adverse reactions are sleepiness, 
headache, runny nose, nasal discomfort, and throat ir-
ritation.1 Midazolam NS is contraindicated for patients 
with acute narrow angle glaucoma and moderate or 
strong CYP3A4 inhibitors. It shares the same warnings 
and precautions with benzodiazepines and antiepilep-
tic drugs. Currently, it is not FDA-approved for use in 
patients younger than 12 years of age.

COMMENTS
The effectiveness of midazolam NS was evaluated in 
a randomized, double-blind, placebo-controlled trial 
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1.  A study of sacubitril/valsartan therapy in 
patients with functional mitral regurgitation 
(MR) showed:
a. 25% of subjects experienced serious side 
effects.
b. a reduction in the severity of MR.
c. an increase in left ventricular ejection 
fraction.
d. reduced mortality.

2.  Which of the following is most commonly seen 
in systemic lupus erythematosus?
a. Peripheral sensorimotor polyneuropathy
b. Autonomic neuropathy 

c. Cranial neuropathy
d. Peripheral motor neuropathy

3.  The relationship between hormonal therapy 
and Alzheimer’s dementia seen in the Finnish 
case-control study demonstrates which of the 
following?
a. An inverse relationship to duration of use
b. A weak association that is likely a result of 
confounding
c. A strong relationship to dose of progestogen
d. A moderate risk only in women who smoke 
more than 10 cigarettes/day

that included participants with intermittent, 
stereotypic episodes of frequent seizure 
activity that was distinct from their usual 
seizure patterns.1 Eligible participants (i.e., 
those predetermined to tolerate the drug 
in the absence of a seizure episode) were 
randomized to midazolam NS (n = 134) or 
placebo (n = 67). If seizure activity recurred or 
persisted, a subsequent dose (drug or placebo) 
was administered between 10 minutes and 
six hours after the initial dose. Treatment 
success was termination of seizure within 10 
minutes after the initial dose and absence of 
a recurrence within six hours. Success rates 
were 53.7% for midazolam NS and 34.3% 
for placebo. Initial success rates (within 10 
minutes) were 80.6% vs. 70.1% and absences 
of recurrence were 37.3% vs. 46.3%, along 
with statistically longer time to next seizure.

CLINICAL IMPLICATIONS
Seizure clusters are common in patients with 
severe and intractable epilepsy.4 The defini-
tion of seizure cluster has not been uniformly 
accepted. Still, a common definition is ≥ 2 
seizures in 24 hours, two to four seizures in  
< 48 hours, two generalized tonic clonic 
seizures or three complex partial seizures in 
four hours, or a three- or four-fold increase in 
seizure frequency within a three-day period.4 
Mainly, benzodiazepines are used as rescue 
medicine for seizure clusters. The most com-
monly used types are oral lorazepam, rectal 
diazepam, oral diazepam, and intranasal 
midazolam.4 Only rectal diazepam is FDA-
approved to control more bouts of seizure ac-
tivity. Intranasal midazolam has been admin-
istered in various ways, using the parenteral 
solution by instilling the solution directly with 

a syringe (with or without an atomizer) or 
even instilling directly into the nostril from the 
ampules.5,6 Generally, intranasal midazolam 
is considered to be at least as effective as (and 
possibly more effective than) rectal diazepam 
and, traditionally, is preferred by caregivers.7,8 
Midazolam NS offers an FDA-approved 
treatment with greater ease of use and likely is 
better tolerated. It will be a schedule IV drug. 
Currently, cost information is unavailable.  n
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