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REVIEW ARTICLE
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Abstract
Nuedexta is a combination of dextromethorphan hydrobromide and quinidine sulfate and was approved by the Food
and Drug Administration (FDA) in 2010 to treat pseudobulbar affect (PBA). There have since been anecdotal case
reports of bulbar function improvements after Nuedexta treatment. Here, we review the off-label use of Nuedexta for
improving bulbar function in people with ALS. Nuedexta has plausible mechanisms for protecting brain stem motor
neurons via its effects on S1R and glutamate excitotoxicity. Recent clinical trials support that Nuedexta can improve bul-
bar function in PALS, with or without PBA. Nuedexta causes mild to moderate side effects. Based on this information,
we support considering Nuedexta treatment for bulbar dysfunction in ALS patients with or without PBA.

Keywords: ALS, Nuedexta, dextromethorphan, N-Methyl-D-Aspartate receptor (NMDAR), sigma-1 receptor (S1R)

ALSUntangled reviews alternative and off-label treat-
ments on behalf of people living with amyotrophic
lateral sclerosis (PALS). Here we review Nuedexta
therapy, for which we have had 233 requests
(https://www.alsuntangled.com/future-reviews/).

Overview

Bulbar dysfunction manifests as difficulties in
speech and swallowing and sialorrhea when cranial
nerve motor neurons in the medulla oblongata, i.e.
spinal bulb, degenerate in PALS. PBA is charac-
terized by involuntary and uncontrollable laughing

or crying, which are out of proportion or incongru-
ent with the patient’s emotions. It is thought to be
due to corticobulbar tract degeneration.

Nuedexta contains a fixed-dose combination of
two components- dextromethorphan hydrobromide
20mg and quinidine sulfate 10mg per capsule.
Dextromethorphan is the main effector in reducing
PBA, presumably through antagonizing the N-
Methyl-D-Aspartate receptor (NMDAR) and acti-
vating sigma-1 receptor (S1R) (1,2). However,
dextromethorphan demonstrates high first-pass
metabolism. In some PALS, dextromethorphan
levels are undetectable even after administering

Correspondence: Xiaoyan Li; Richard Bedlack, Neurology Department, Duke University, 932 Morreene Rd, Durham, NC 27705, United States.
Email: Xiaoyan.li266@duke.edu, bedla001@mc.duke.edu.

(Received 31 May 2023; revised 28 June 2023; accepted 15 July 2023)

ISSN 2167-8421 print/ISSN 2167-9223 online � 2023 Duke University. Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work
is properly cited, and is not altered, transformed, or built upon in any way. The terms on which this article has been published allow the posting of the
Accepted Manuscript in a repository by the author(s) or with their consent.
DOI: 10.1080/21678421.2023.2239292

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 2023; 0: 1–5

https://www.alsuntangled.com/future-reviews/
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2023.2239292&domain=pdf&date_stamp=2023-07-26
http://orcid.org/0000-0003-4241-5135
http://orcid.org/0000-0002-2293-9284
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/21678421.2023.2239292
http://www.tandfonline.com


750mg daily (3). To increase the bioavailability, it
is co-administered with low-dose quinidine, a
potent cytochrome P450 inhibitor.

Nuedexta received approval from FDA in 2010
to treat PBA. Since then, anecdotal reports of
improvements in speech, salivation, or swallowing
functions emerged. Herein, we review the off-label
use of Nuedexta therapy in bulbar function in
PALS, both with and without PBA.

Mechanisms

Dextromethorphan can bind to and modulate sev-
eral neurotransmitter receptors and transporters in
the central nervous system (CNS). These include
S1R, NMDAR, 5-HT1B/D receptors, serotonin
and norepinephrine transporters, and voltage-gated
calcium channels (4). It may alleviate PBA by
modulating serotonin levels, activating S1R, and
inhibiting NMDAR. How dextromethorphan
might influence bulbar function is yet to be deter-
mined. S1R could be a major mediator as it is
highly expressed in brainstem motor nuclei (5,6).
Dextromethorphan is also a weak, noncompetitive
NMDAR antagonist; however, this function may
be less critical in regulating bulbar functions
because other NMDA pathway inhibitors, such as
Riluzole and ceftriaxone, did not improve bulbar
functions of PALS (7).

S1R is a transmembrane chaperone protein
that does not have its own intracellular signaling
pathway. Instead, it regulates other pathways by
interacting with signal molecules and ion channels
such as protein kinases and calcium channels. S1R
expression is enriched in the endoplasmic reticu-
lum (ER) and mitochondrial membrane and is
also found in the nucleus and plasma membrane
of neurons and glial cells in the CNS (8). Studies
have shown that activation of S1R modulates ER
stress and prevents mitochondrial dysfunction
(8,9), which could potentially promote motor neu-
ron survival. Additionally, S1R has been found to
regulate cell apoptotic pathways and promote cell
survival (10). Activation of S1R has also been
shown to reduce glutamate release and suppress
excessive NMDA responses in various neuronal
injury models (11–13). Lastly, several studies sug-
gest that S1R regulates astrocytes and microglia
function and prevents secondary neuroinflamma-
tory damage (14,15).

In line with the above, the deletion of S1R in
the SOD1 G93A ALS mouse model triggered an
earlier disease onset and a shorter lifespan (16).
S1R agonists- PRE-084 and SA4503- improved
motor neuron function and prolonged survival
(14,17).

ALSUntangled assigns a TOE “Mechanism”

grade of B (Table 1).

Pre-clinical models

We did not find dextromethorphan being directly
studied in ALS pre-clinical models. However,
abundant reports showed its neuroprotective
effects in various neuronal injuries. For instance,
dextromethorphan reduced the vulnerability of cul-
tured cortical neurons and retinal ganglion cells to
glutamate-induced excitotoxicity, and the protect-
ive effects were likely mediated by S1R (1,18).
Systemic injection of dextromethorphan in an exci-
totoxicity-induced brain injury mouse model sig-
nificantly reduced neuronal cell death and lesion
size (17).

Dextromethorphan also demonstrated neuro-
protective effects in dopaminergic neurons in cell
culture and Parkinson’s disease mouse models
(19,20).

Since it is unclear whether these models are
relevant to PALS, ALSUntangled assigns a TOE
“Pre-Clinical Models” grade of U (Table 1).

Data in PALS

Cases

In one observational study, among 86 PALS who
received Nuedexta for PBA, 63 percent experi-
enced an improvement in liquid swallowing rate in
4–8 weeks (21). In contrast, in an open-label
study, 21 PALS with bulbar dysfunction were
treated with Nuedexta for one year and compared
with 20 historical controls (PALS who were not
treated with Nuedexta). Nuedexta did not affect
the long-term deterioration of bulbar function eval-
uated with the Norris scale bulbar subscore and
ALSFRS-R bulbar subscale or prolong the nonin-
vasive ventilation management phase (22).

Table 1. Table of Evidence for Nuedexta.

Grade Explanation

Mechanism B S1R was shown in peer-reviewed
publications to act on a relevant ALS
mechanism.

Pre-Clinical U Dextromethorphan has not been directly
studied in ALS pre-clinical models.

Cases A One or more peer-reviewed publications
reporting benefits with validated
diagnosis and benefits.

Trials C One peer-reviewed publication reporting
benefits in a well-designed, randomized,
blinded, placebo-controlled phase 2
trial. A second clinical trial has been
completed, and the results were
presented at NEALS Annual Meeting
in 2022, but the study has not been
published.

Risks C At least 10% of exposed patients
experienced side effects (no
hospitalizations or deaths)
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In the online community PatientsLikeMe, 112
members report receiving Nuedexta as a treatment
for ALS, of whom 45 completed treatment evalu-
ation. Thirteen patients reported slight to major
improvements in bulbar functions, but most evalu-
ations did not specify whether the effectiveness
was in PBA or bulbar function. We could not val-
idate the ALS diagnosis and the subjective benefits
described in these cases.

Because there was one peer-reviewed publica-
tion reporting benefits with validated diagnosis and
benefits, we assign a TOE “Cases” grade of A
(Table 1).

Trials

A phase II multicenter, randomized, double-blind,
placebo-controlled cross-over study
(NCT01806857) was conducted to assess the
effect of Nuedexta on bulbar function in ALS
(23). In this study, 60 PALS received either
Nuedexta or a placebo for 28 to 30 days, followed
by a 10 to 15-day washout period. Subsequently,
patients were switched to the opposite treatment
arm for the remaining 28 to 30 days. The primary
endpoint was the self-reported Center for
Neurologic Study Bulbar Function Scale (CNS-
BFS) change. CNS-BFS measures functions of
speech, swallowing, and salivation- for each
domain, patients rate seven questions on a scale of
1 to 5 (least to most affected), allowing a global
score from 21 to 112, and a higher score indicates
worse bulbar function (24). The Nuedexta treat-
ment group demonstrated statistically significant
improvements in the global CNS-BFS score (mean
59.3 vs. 53.5, p<0.001) and in each bulbar
domain. This improvement was seen in both
PALS with PBA and without PBA. Notably, half
of the study patients improved by one or more in
the bulbar domain of ALSFRS-R, while the motor
and respiratory sub-scores did not change.

A prospective, multicenter pilot study was con-
ducted to evaluate the effect of Nuedexta on bul-
bar physiology in PALS (NCT03883581). The
study assessed multiple outcomes including
changes in speech intelligibility, ALSFRS-R bulbar
subscale score, patient-reported outcome through
CNS-BFS, validated Dynamic Imaging Grade of
Swallowing Toxicity (DIGEST) safety and effi-
ciency severity grades, and speech duration of a
60-word reading passage. The preliminary result of
this study was presented at the 21st Northeast
Amyotrophic Lateral Sclerosis Consortium
(NEALS) Annual Meeting in November 2022.
Twenty-five patients who were treated with 30-day
Nuedexta demonstrated significant improvement
in their ALSFRS-R bulbar subscores compared to
their baseline (7.47 vs. 8.39, mean difference of
0.92, p< 0.0004). The results also showed a lon-
ger duration of uninterrupted speech (2.62 vs.

2.96 seconds, p¼0.035), but the speech intelligi-
bility did not improve. Furthermore, the quantita-
tive swallowing function measurement revealed
reductions in the proportion of unsafe (75% vs.
44%, p¼0.003) and inefficient (67% vs. 58%,
p¼ 0.002) swallowers after Nuedexta treat-
ment (25).

ALSUntangled assigns a TOE “Trials” grade
of C (Table 1).

Dosing, risks, and costs

Nuedexta contains 20mg dextromethorphan
hydrobromide and 10mg quinidine sulfate per
capsule. It is given one capsule daily for the first
seven days, followed by one capsule twice daily.
The safety profile of Nuedexta was evaluated in a
52-week open-label study of 553 patients with
PBA from ALS and other neurological conditions,
including MS, stroke and TBI (NCT00056524).
91.8% of patients reported at least one adverse
event (AE). The most common AEs were nausea
(11.8%), dizziness (10.5%), headache (9.9%),
somnolence (7.2%), fatigue (7.1%), diarrhea
(6.5%), and dry mouth (5.1%). Most AEs were
mild or moderate, occurred early in therapy and
were transient (26). The incidence of severe AEs
was 22.8% but was largely due to disease progres-
sion rather than being treatment related. Though
quinidine is known to cause dose-dependent QT
prolongation and ventricular arrhythmia, there
were no clinically significant arrhythmias reported
at 10–30mg daily dose during Nuedexta clinical
trials. Electrocardiography data showed mostly
mild QTc interval increases (QTcF 3.2 msec;
QTcB 4.6 msec) from baseline. Less than 1% of
participants had QTc increase >60 msec and none
had QTc >500 msec during the study period.
Two patients had QTc > 500 msec during elective
treatment extension. Similar AE profiles were
found in Nuedexta clinical trials in PALS
(23,27,28). Nuedexta is contraindicated in patients
with a known history of prolonged QT interval,
congenital long QT syndrome, and complete atrio-
ventricular block. When starting Nuedexta in
patients at risk of QT prolongation, including left
ventricular hypertrophy and dysfunction and con-
comitant use of QT prolonging drugs, ECG
should be evaluated at baseline and 3–4 hours after
the first dose. (https://www.accessdata.fda.gov/
drugsatfda_docs/label/2010/021879s000lbl.pdf).

Because at least 10% of exposed patients expe-
rienced side effects, ALSUntangled assigns a TOE
“Risks” grade of C (Table 1).

The monthly cost of Nuedexta is approximately
$1500 in the United States. Most insurance plans
only cover Nuedexta for treating PBA.
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Conclusion

Nuedexta has plausible mechanisms for improving
bulbar function in PALS. Some PALS reported
concomitant improvement in bulbar function for
at least a short period when taking Nuedexta for
PBA. A well-designed phase II trial in PALS dem-
onstrated the efficacy of Nuedexta in patient-
reported bulbar function, and the preliminary
result of another trial showed improvement in bul-
bar physiology. However, its long-term effect on
bulbar function is unclear, and one open-label
study showed a lack of benefit in one year. There
is no evidence suggesting Nuedexta slows down
ALS progression or prolongs survival. Nuedexta
causes mild to moderate side effects, but severe
side effects directly caused by Nuedexta have not
been reported. It should be avoided in patients
with known history of prolonged QT interval.
Given all this, we feel there is sufficient evidence
to consider Nuedexta treatment for bulbar dys-
function in ALS patients with and without PBA.
Financial burden and periodic assessment of its
efficacy should be considered for the latter.
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