
CorrespondenCe

936 Anesthesiology 2019; 131:932–47 correspondence

competing Interests

Many of the authors are unpaid volunteers for the non-
profit Malignant Hyperthermia Association of the United 
States (MHAUS; Sherburne, New York). They have served 
variously as directors of The North American Malignant 
Hyperthermia Registry of MHAUS and members of the 
board of MHAUS, the Professional Advisory Council of 
MHAUS, and/or the Malignant Hyperthermia Hotline of 
MHAUS. All of these positions are voluntary and unpaid. 
Many participated in the drafting of the current MHAUS 
recommendation for dantrolene availability in anesthe-
tizing locations. Many of the authors have traveled to 
malignant hyperthermia conferences in the United States 
or Canada with MHAUS financial support. MHAUS 
receives funding support from MHAUS members, cus-
tomers, medical associations and societies, foundations, 
and various corporations, including Eagle Pharmaceuticals 
(Woodcliff Lake, New Jersey), PAR Pharmaceuticals 
(Chestnut Ridge, New York), and U.S. WorldMeds, LLC 
(Louisville, Kentucky). Dr. Belani received several vials of 
Ryanodex from Eagle Pharmaceuticals, Inc., for use in a 
research study. Dr. Mashman has received a grant from 
Eagle Pharmaceuticals, Inc., for three vials of Ryanodex 
to bring on a medical mission trip. Dr. Riazi has 
received a consulting fee from Norgine Pharmaceuticals 
(Amsterdam, The Netherlands) and is also a member of 
the scientific advisory board of the RYR1 Foundation 
(Pittsburgh, Pennsylvania). Dr. Sivak has been a principal 
investigator for a Merck (Kenilworth, New Jersey) spon-
sored study of sugammadex (November 7, 2017 through 
August 3, 2018).

Marilyn Green Larach, M.D., F.A.A.P., Thomas T. Klumpner, 
M.D., Barbara W. Brandom, M.D., M.S., Michelle T. Vaughn, 

M.P.H., Kumar G. Belani, M.B.B.S., M.S., F.A.A.P., Andrew 
Herlich, D.M.D., M.D., F.A.A.P., F.A.S.A., Tae W. Kim, M.D., 

M.E.H.P., F.A.S.A., Janine Limoncelli, M.D., Sheila Riazi,  
M.Sc., M.D., FRCPC, Erica L. Sivak, M.D., John Capacchione, 
M.D., Darlene Mashman, M.D. The North American Malignant 
Hyperthermia Registry of the Malignant Hyperthermia Association 

of the United States, University of Florida College of Medicine, 
Gainesville, Florida (M.G.L.). mlarach@gmail.com

DOI: 10.1097/ALN.0000000000002950

references

 1. Larach MG, Klumpner TT, Brandom BW, Vaughn MT, 
Belani KG, Herlich A, Kim TW, Limoncelli J, Riazi 
S, Sivak EL, Capacchione J, Mashman D, Kheterpal S, 
on behalf of the Multicenter Perioperative Outcomes 
Group: Succinylcholine use and dantrolene availabil-
ity for malignant hyperthermia treatment: Database 

analyses and systematic review. Anesthesiology 2019; 
130:41–54

 2. AAAASF Surgical Version 14.5. Available at: http://
www.aaaasf.org. Accessed May 5, 2019.

 3. Hopkins PM: Succinylcholine and dantro-
lene: Inseparable in the emergency cupboard? 
Anesthesiology 2019; 130:6–8

 4. Larach MG, Dirksen SJH, Belani KG, Brandom BW, 
Metz KM, Policastro MA, Rosenberg H, Valedon A, 
Watson CB: Creation of a guide for the transfer of care 
of the malignant hyperthermia patient from ambu-
latory surgery centers to receiving hospital facilities. 
Anesth Analg 2012; 114:94–100

(Accepted for publication May 18, 2019.)

Opioid-induced Ventilatory 
Depression in Sleep Apnea: 
Comment

To the Editor:

On the front page of the February 2019 issue of 
Anesthesiology, the article by Doufas et al. was 

encapsulated as, “Adults with Obstructive Sleep Apnea 
Do Not Have Increased Sensitivity to Opioid-induced 
Ventilatory Depression.”1  This is potentially misleading.

The complexity of the study design, pharmacokinetic/
pharmacodynamic modeling, and the assumptions and 
limitations of the study may be beyond the understand-
ing of the average reader. In their accompanying editorial, 
Henthorn and Olofsen did an admirable job explaining 
the many limitations.2 They stated, “...we should be very 
cautious drawing conclusions in the language of pharma-
cokinetics–pharmacodynamics when there are no drug 
concentrations (pharmacokinetics) data and when there is 
non–steady-state effect data and either the onset effect or 
offset effect is missing.”

The front page title, however, suggests the study end-
point of Doufas et al. can be broadly interpreted as appli-
cable to all opioids in all clinical situations encountered by 
obstructive sleep apnea patients, which is overly simplistic. 
Is a target-controlled infusion of 4 ng/ml of remifentanil for 
10 min in a well-lit and noisy operating room in a patient 
anticipating surgery an appropriate surrogate for the level of 
consciousness, airway, and respiratory dynamics of patients 
with obstructive sleep apnea on morphine patient-con-
trolled analgesia in a quiet hospital ward at nighttime? Even 
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the study authors acknowledge this in their “Discussion” 
section: “...our findings pertain to awake patients with 
obstructive sleep apnea and exercise caution when opioids 
are administered to patients with decreased state of arousal.”

Cases of patients with moderate to severe sleep apnea suffer-
ing fatal opioid-induced ventilatory depression postoperatively 
are increasingly reported, and the evidence of worse outcomes 
in this cohort is undisputed.3–5 Additionally, the occurrence of 
apneic events in postoperative patients on opioids is a consis-
tent finding in both retrospective and prospective cohort stud-
ies.6 More than 10 yr of work by the Anesthesia Patient Safety 
Foundation (Rochester, Minnesota), Society for Anesthesia 
and Sleep Medicine (Milwaukee, Wisconsin), American 
Society of Anesthesiologists (Schaumburg, Illinois), Institute of 
Safe Medication Practices (Horsham, Pennsylvania), and others 
to advocate guidelines for safer parenteral opioid use in these 
patients are finally bearing fruit. Yet the reluctance to adopt 
these guidelines by skeptics may be emboldened by cursory 
attention to the title of this edition of the Journal. We sincerely 
hope the editors can rectify this potential for confusion, which 
is critical to the safety of these patients.
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Opioid-induced Ventilatory 
Depression in Sleep Apnea: 
Reply

In Reply:

Our recent article on remifentanil in patients with 
obstructive sleep apnea concluded that “Obstructive 

sleep apnea status, apnea/hypopnea events per hour of sleep, 
or minimum nocturnal oxygen saturation measured by pulse 
oximetry did not influence the sensitivity to remifentan-
il-induced ventilatory depression in awake patients receiving 
a remifentanil infusion of 0.2 μg · kg–1 of ideal body weight 
per minute.”1 Our conclusion is supported by directly 
observed ventilation during remifentanil infusion, ana-
lyzed using published and validated models of remifentanil 
pharmacokinetics and the pharmacodynamic interaction 
between remifentanil and carbon dioxide on ventilation, 
and, as highlighted by the Editorial View by Henthorn and 

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/4/936/460814/20191000_0-00039.pdf by guest on 13 M
arch 2024

mailto:foverdyk@gmail.com
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2018%26index=15%26absnum=3532
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2018%26index=15%26absnum=3532
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2018%26index=15%26absnum=3532


CorrespondenCe

938 Anesthesiology 2019; 131:932–47 correspondence

Olofsen,2 multiple analyses found that the absence of plasma 
concentration data did not significantly affect the estimate 
for the interindividual variability of the effect site concen-
tration of remifentanil at which half-maximal ventilatory 
depression was observed, so it is unlikely our conclusion 
was affected. We agree with Overdyk et al. that our findings 
should not be extrapolated to other clinical scenarios where 
patients with obstructive sleep apnea may be at increased 
risk of opioid-induced ventilatory depression.

competing Interests

The authors declare no competing interests.

Anthony G. Doufas, M.D., Ph.D.,  Steven L. Shafer, M.D.,  
Thomas K. Henthorn, M.D. Stanford University School of 

Medicine, Stanford, California (A.G.D.). agdoufas@stanford.edu

DOI: 10.1097/ALN.0000000000002930

references

 1. Doufas AG, Shafer SL, Rashid NHA, Kushida CA, 
Capasso R: Non-steady state modeling of the ventila-
tory depressant effect of remifentanil in awake patients 
experiencing moderate-to-severe obstructive sleep 
apnea. Anesthesiology 2019; 130:213–26

 2. Henthorn TK, Olofsen E: Where’s the beef?: How 
much can we skimp on pharmacokinetic-pharmaco-
dynamic data? Anesthesiology 2019; 130:186–8

(Accepted for publication May 20, 2019.)

Chlorhexidine Inefficacy 
in Ventilated Patients: 
Comment

To the Editor:

The recent article by La Combe et al. is timely, directly 
challenging the practice of using oral chlorhexidine 

in intubated patients to reduce oral bacterial counts and 
ventilator-associated pneumonia.1 While documenting a 
lack of efficacy of chlorhexidine to reduce bacterial load in 
the oropharynx, they failed to address the specific known 
pulmonary toxicity of chlorhexidine or evaluate the direct 

toxic impact of chlorhexidine “silent aspiration” into the 
lung, leaking between endotracheal tube cuff and tra-
cheal mucosa. This would have been of great interest, as 
specific toxicology concerns remain discounted and with 
their administration of the 15-ml volumes and 0.12% con-
centrations applied. The authors did indicate some studies 
that specifically linked oral chlorhexidine use to increased 
mortality.

I previously published concerns regarding the silent 
aspiration of chlorhexidine and toothpaste used in clinical 
ventilator-associated pneumonia bundles, when my wife 
nearly succumbed to “silent aspiration” pneumonia in 2015. 
Ventilator-associated pneumonia and aspiration pneumonia 
occurred only after a motor vehicle trauma with immediate 
intubation after 24 to 48 h of normal pulmonary and radio-
logical findings.2 Progressive and severe aspiration pneu-
monia then developed postoperatively and in conjunction 
with the prevailing ventilator-associated pneumonia bundle 
(chlorhexidine and toothpaste), until tracheostomy per-
formed on the ninth day of intubation led to improvement, 
as secretions now exited onto the anterior neck above the 
cuff, instead of draining into the lungs.

I was astonished to find during my review of the lit-
erature that in animal studies, chlorhexidine greater than 
0.1% concentrations exhibit significant pulmonary toxic-
ity.3,4 However, toxicity has not been specifically addressed 
in intubated humans, where “silent” pulmonary aspiration 
is a recognized and expected risk. Toothpaste (inorganic 
silicates) is also a particulate material used in ventilator- 
associated pneumonia with known pulmonary implica-
tions and should be similarly concerning, as well as the 
scandal involving chlorhexidine and the National Quality 
Forum’s (Washington, DC) guidelines for sterile skin prep: 
The U.S. Justice Department settled a $40 million whis-
tleblower lawsuit in early 2014, alleging that CareFusion 
(USA), the maker of ChloraPrep, had inappropriately 
influenced the National Quality Forum.5 Thus, business 
interests and guidelines do not ensure patient safety. Both 
toothpaste and chlorhexidine have found support as ven-
tilator-associated pneumonia bundle quality parameters to 
a large degree, because of dental hygiene use in nonintu-
bated daily living care—without concerns specific to pul-
monary dangers from laryngeal incompetence and silent 
aspiration, a problem known to be inherent in intubated 
patients.

Minimization of ventilator-associated pneumonia in 
2019 may require specific investigations regarding “silent 
aspiration” as causative and the importance of (1) elimina-
tion of all pulmonary toxins introduced into the oral cavity, 
(2) maximally effective oral hygiene using pulmonary tol-
erated aqueous and antibiotic solutions via electrical power 
brushing,6 and (3) early tracheostomy to allow egress of 
secretions from above the cuff and return of glottic protec-
tive closure mechanisms, where indicated.
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