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• Patients with frailty consistently 
experience more perioperative morbidity 
and mortality

• Costs attributable to frailty remain poorly 
defined

• This study used a validated frailty index 
to identify frailty 

• Estimated the attributable costs of frailty 
in the year after major, elective 
noncardiac surgery.

Rationale



Methods:
• Retrospective population-based cohort study
• ALL patients 66 yr or older having major, elective noncardiac 

surgery between 4/1/2012, and 3/31/2018
• Health data obtained from an independent research institute 

(ICES) in Ontario, Canada
• Preoperative frailty determined using a multidimensional frailty 

index
• Primary outcome: total health system costs in the year after 

surgery



Results



Adjusted association of frailty and 1-yr postoperative costs with frailty 
parameterized as a continuous, non-linear second-degree fractional polynomial. 
Dark line represents the mean, with shaded areas representing 95% CI.

Results







• Anesthesiologists’ contribution to perioperative 
healthcare disparities remains unknown 

• Postoperative nausea and vomiting is a 
patient-centered outcome measure

• Antiemetic administration is under the domain 
of anesthesiologists 

• A prior study has demonstrated that Medicaid 
insured versus commercially insured patients 
and those with lower versus higher median 
income had reduced antiemetic administration

• This study tested the hypothesis that black 
race is associated with lower perioperative 
antiemetic administration

Rationale





Methods:
• 2004 to 2018 MPOG data was used
• Adult patients 18 years of age and older
• Patient race was categorized as either White, Black, other, or 

unknown
• Primary outcome: administration of either ondansetron or 

dexamethasone
• Secondary outcomes: administration of each drug individually or 

both drugs together



Methods (2):
• Confounder-adjusted analysis included relevant patient 

demographics (postoperative nausea and vomiting risk factors: 
sex, smoking history, postoperative nausea and vomiting or motion 
sickness history, and postoperative opioid use)

• Hospital-level variables included American Hospital Association 
size

• American Hospital Association teaching status
• Multicenter Perioperative Outcomes Group academic center



Methods (3)
• 5,105,123 adult anesthetic records from 39 hospitals in the 

United States and The Netherlands between 2004 to 2018 were 
identifies

• After exclusion for exclusion for missing sex, missing ASA 
status, or ASA Physical Status of 6, 5,000,136 anesthetic 
records (representing 3,234,312 unique patients were included 
in the analysis



Outcomes
• Black patients were less likely to receive antiemetic administration 

with either ondansetron or dexamethasone (adjusted odds ratio, 
0.82; 95% CI, 0.81 to 0.82)

                                       Conclusions
• More work is needed to delineate the mechanisms that are driving 

these and other perioperative disparities in outcomes







“One editorialist remembers distinctly the initial viewing and 
shock at seeing figure 2 from the paper by White et al., 

essentially unchanged in its now published form, at the poster 
discussion session at the 2019 American Society of 

Anesthesiologists (ASA; Schaumburg, Illinois) meeting in 
Orlando, Florida. Shame, revulsion, and awe were competing
emotions as this editorialist carefully lined up the image in the 
camera of his smart phone and snapped (several) images to 

ensure the result would not be lost." 
Anesthesiology June 2023, Vol. 138, 581–584.



Anesthesiology June 2023, Vol. 138, 581–584.

“The uncomfortable counterpoint is that there might be a biologic 
basis for a link between race and postoperative nausea and 
vomiting susceptibility and that this biologic basis is implicitly 
recognized and accounted or by anesthesia care teams. This 

would mean that the observed treatment is, in fact, appropriately 
tailored to patient needs, but the information used by the care 
teams to refine their prophylaxis and treatment decisions is not 

available in the observational data.”



“The authors (of the original article) painstakingly detailed why these 
findings should not be attributed to biologic differences between socially 
defined races, and instead, that we as providers need to consider that 

this disparity is rooted in bias, implicit, or possibly explicit.”



“However, ... in the accompanying editorial they tell us that ‘The 
uncomfortable counterpoint [to the conclusion that implicit or explicit bias 
among anesthesiologists led to disparities in antiemetic administration] is 

that there might be a biologic basis for a link between race and 
postoperative nausea and vomiting susceptibility and that this biologic 

basis is implicitly recognized and accounted for by anesthesia care 
teams…’

Herein lies our greatest concern—the juxtaposition of this flawed 
assertion alongside descriptions of reactions of shame regarding the 
study findings, together with a call to action for anesthesiologists to 

question their own biases and address such disparities.”

Anesthesiology 2023;139:364-365



“Although socially defined race may in some cases serve as a 
proxy for exposures (e.g., socioeconomic deprivation, exposure to 

toxins), and hints at geographic ancestry…

…it has been well documented that there is more genetic 
variability within socially defined races than between them.”

Anesthesiology 2023;139:364-365

























“…[de Vries et al.] show that Pocc and P0.1 can accurately 
detect (1) very low diaphragmatic effort, (2) very high 

diaphragmatic effort, and (3) potentially injurious levels of 
transpulmonary driving pressure or transpulmonary 

mechanical power.”



“The study by de Vries et al. substantially strengthens the growing 
body of data on the validity of both P0.1 and Pocc as simple and 
noninvasive methods to monitor the risk of lung and diaphragm 

injury in patients with acute respira-tory failure. Analogous to routine 
measurement of plateau pressure and driving pressure during 

passive ventilation, P0.1 and Pocc provide invaluable information on 
the safety and appropriateness of mechanical ventilation.” 

















“While the best practice alert tested in the trial by Rolfzen 
and colleagues did not change post-discharge opioid 

prescribing overall, the authors identified opportunities for 
future applications among settings with a higher rate of 

excessive prescribing. Going for-ward, it is critical to 
continue to study best practice alerts and other 

interventions in future, including default recommendations 
and provider feedback.”





Kristin L. Schreiber, MD/Ph.D. 

Editor

Anesthesiology in 2023:
Articles You Need to Know



• Can preop (or intraop) EEG and 
oximetry predict postoperative 
cognitive dysfunction and delirium?



Post-Operative Cognitive Dysfunction (POCD)
• Cortical information processing underlies POCD
• measurable as disruptions in EEG and cerebral oxygenation
• frontal-parietal alpha connectivity 
• intraoperative EEG suppression
• decreased cerebral oximetry
• Are these also associated with POCD?

Cortical information processing

EEG
Cerebral oximetry POCD



Methods
• Single-center observational study 
• 64 adult patients undergoing surgery under general anesthesia 
• Exposure/Predictor Variables (EEG and oximetry)

• preoperative relative posterior alpha power;
• preoperative minus PACU relative posterior alpha power
• preoperative frontal-parietal connectivity
• preoperative minus PACU frontal-parietal connectivity
• intraoperative theta connectivity state occurrence rate
• average preoperative cerebral oximetry values

• Primary outcome: POCD (lowest NIH Cognition Toolbox score during POD1-2)
• Flanker Inhibitory Control and Attention Test (Executive Function and Attention)
• List Sorting Working Memory Test
• Pattern Comparison Processing Speed Test
• fully corrected T-scores (age, sex, race, ethnicity, and level of education ) from 3 tests

• Secondary outcome: Delirium 
• Confusion Assessment Method (3-min diagnostic version)

• Partial correlations and Generalized estimating equations to test association between exposure and outcome 
Variables



Spectral and connectivity data (n=52)
• During anesthesia, 

spectrograms reveal a 
predominance of frontal alpha, 
theta, and delta oscillatory 
power

weighted phased lag 
index:
• surrogate marker of 

functional connectivity 
• who is talking to whom
• at what frequency

• Connectivity data demonstrate
• coherent frontal-parietal 

alpha connectivity at baseline
• alpha- and theta-dominant 

frontal-parietal connectivity 
intraoperatively

• reduced frontal-parietal alpha 
connectivity during PACU 
recovery

Spectrogram:
Representation of 
different frequencies 
over time



Association of Features with Postop Cognitive Function

• EEG parameters carefully measured in pre- and intraop period
• tested for association with postoperative cognitive function 
• None were significantly associated



Association of Features with Postop Delirium

• Most were not were significantly associated
• only intraoperative theta fronto-parietal connectivity was associated 

with postoperative delirium



Relationship between POCD and Delirium

• Delirium associated with decreased 
scores on some formal tests 

• Working memory
• Processing speed
• Not attention



Summary
• Employed robust methodology to test whether preoperative 

brain signals (EEG) could predict POCD

Primary Outcomes:
• No preop EEG features can easily predict POCD or delirium

• Preoperative and PACU relative alpha power not associated with POCD
• Alpha and theta frontoparietal functional connectivity not associated with 

POCD
• Cerebral oximetry was not related to POCD

Secondary Outcomes:
• Only intraoperative frontoparietal theta connectivity was 

associated with postoperative delirium 

• Potential for changes in intraoperative EEG features to 
reveal brain vulnerability

intraoperative 
EEG pattern(s)

POCD
Delirium



• What is the right dose of 
methadone to use in the 
periop period?

• Does it really work?
• Doesn’t it have side 

effects that I have to 
worry about after my 
patient goes home?



Opioid Use 
in Outpatient 

Surgery

• More than 50 million outpatient surgical procedures in 
the United States (70%)

• After going home, patients self-manage their pain
• Opioids are effective at reducing moderate to severe 

postoperative pain
• Mixed success of developing and marketing long-

acting, slow-release opioids
• Advantages of long-acting opioids

• less rebound
• less reward
• better coverage
• less post-discharge opioid prescribing



Methadone
• Recently rediscovered, with increased perioperative use

• Synthetic long-acting opioid agonist (mu)

• weak N-methyl-d-aspartate receptor antagonist

• Peak effect site concentration achieved 8 min after IV admin

• long and variable elimination half-life of 24 to 36 h

• elimination clearance determines duration of analgesia, therefore 
advantageous to use highest possible effective and safe bolus dose 
(maximize duration)

• Methadone administration may spare the use of other opioids

• 30 to 40% less postoperative pain and opioid use, and greater patient 
satisfaction 

• Is it safe for people going home the same day?
• What is the dose that should be used?

Gourlay GK, Wilson PR, Glynn CJ: Pharmacodynamics and 
pharmacokinetics of methadone during the perioperative period. 
Anesthesiology 1982; 57:458–67



Aims

• Feasibility study to inform design of future larger RCT
• Determine the suitability of single-dose intraoperative methadone for 

outpatient surgery
• identify an optimal single dose (exploratory)

• analgesic efficacy
• well-tolerated 
• explore impact on administration of postoperative other opioid use



Methods
• Phase 2b trial dose finding
• undergoing elective outpatient surgery under general anesthesia with next-day discharge 
• Exclusion criteria: history of liver or kidney disease, potentially opioid tolerance
• Increasing doses of methadone: 0.1, 0.2, 0.25 and 0.3mg/kg, ideal body weight (20 mg cap)
• 2:1 methadone:treatment as usual
Blinding:
• Investigators, patients, and research staff blinded 
• Anesthesia providers and postanesthesia care unit (PACU) nurses unblinded
Methadone administration:
• single dose, in the operating room during or <10 min before induction
• no additional short-duration opioid during the procedure in subjects receiving methadone
• additional short-duration opioid for pain as needed during or after wound closure and emergence
• vs treatment as usual (choice of fentanyl, sufentanil, hydromorphone, or morphine, at practitioners’ discretion)



• 18 to 65 yr old (N=129)
• Enrolled 12/2014-11/2018 
• predominantly women undergoing laparoscopic or vaginal hysterectomy, lap hiatal hernia repair
• Postdischarge data capture with variable success

70% 58% 87% 90% 52%



Pain while in hospital

• Signal of a dose-related 
analgesic effect



In hospital opioid use

• Signal of less 
inpatient opioid use 
(short-acting)



Pain and Opioid use after discharge

• Signal of less pain and opioid use



Summary

Feasibility aims:
• 55% of eligible patients willing to consent 
• 93% anesthesiology providers compliant with the protocol 
• 96% completion of in-hospital patient follow-up measures
• 72% average completion of patient-reported outcome surveys

Exploratory aims:
• intraoperative dose that best combined opioid sparing, analgesia, and 

minimization of adverse events: 0.25mg/kg ideal body weight 
(median:14 mg, 25th to 75th percentiles:13 to 16 mg)

Considerations:
• Multiple testing (type I error warning)
• Small n (type II error warning)
• Adverse effects such as respiratory depression and delayed discharge 

are rare, and cannot be tested for in this small of a study



• What factors predict prolonged opioid use 
after surgery?

• How does it relate to pain?



Predicting and Understanding Variation in postsurgical pain 
and opioid use

1. Chronic pain and opioid use 
relevant only for a minority of 
patients 

2. Pain and opioid use needs 
to be sensitively and 
accurately measured in 
studies 
Dichotomous vs Continuous

3. Variation in patient 
characteristics relevant to 
pain and opioid use 
modulation also need to be 
measured

Acute 
Post-Surgical 

Pain
Pathophysiological

Plasticity (30%)

No 
chronic 

pain

70%

Chronic Post-
Surgical 

PainPatient 
characteristics 
relevant to pain 

modulation

Chronic Opioid 
Use

No 
chronic 
opioids



Collecting Data about Chronic Postoperative Opioid Use

• Increasing concern about routine prescription of 
opioids after surgery 

• Proliferation of studies using administrative 
databases to study chronic opioid use after surgery

• Database studies often fail to capture the complexity 
of the perioperative experience

• relatively low quality data
• Often does not include relevant predictors of 

pain and opioid use
• The Multicenter Perioperative Outcomes Group 

(MPOG) is a consortium of hospitals with processes 
to automatically collect and extract perioperative 
data



Study Aims

To investigate factors associated with chronic opioid use and surgical site pain at 
3 months

Chronic Post-Surgical 
PainChronic Opioid Use



Methods
Preoperative 
questionnaires 
• Brief Pain 

Inventory, 
surgery site and 
overall 

• Fibromyalgianess
(Symptom 
Severity Index 
and widespread 
pain)

• Anxiety
• depression 
• Sleep 

disturbance
• catastrophizing
• Physical function
• Opioid use
• expectations of 

surgery

Chronic Post-
Surgical 

Pain

Chronic Opioid 
UseSurgical factors

Anes factors



Patient sample

• September-October 2017
• 3,505 surgical procedures met inclusion 

criteria, with1,110 cases enrolled across 
11 institutions

• completion rate of the 3-month follow-up 
varied between institutions:

• 7 institutions with >66% completion, 
remaining 62%,53%, 45%, and 34%, 

• Missing outcomes were not imputed; 
patients with missing data were out

• Full outcome data on 680 patients



Pre- vs post-surgical opioid use

• only 4% of patients were 
“new” prolonged opioid 
users at 3 months

• 46% of patients stopped
taking opioids

NO

NO YES

YES

BEFORE

AFTER



Minimal overlap of 3 month pain and opioid use
• Pain and opioid use at 3 months were not statistically associated 
• unclear whether an association might have been observed if pain was considered as a continuous 

variable rather than dichotomous

27% with persistent pain 14% with persistent opioid use



Univariable analysis: 
factors associated with pain and opioid use at 3 months

(-)employment

institution

Preop pain

Depression Physical function

Female sex

anxiety

Intraop MME
Surgery type

Preop opioid use

Opioid Use at 3 moPain at 3 mo

Neuraxial anes 

General anes

TKA
Spine surgery



Multivariable analysis: 
factors independently associated with pain and opioid use at 3 months

Preop pain Preop opioid use

Opioid Use at 3 moPain at 3 mo

adjusted odds ratio:18.6
CI: 10.3 to 34.5)

TKA
Spine surgery



Michael J. Avram, Ph.D.

Assistant Editor-in-Chief

Anesthesiology in 2023:
Articles You Need to Know



The U.S. Food and Drug Administration (FDA) issued a change in labeling 

regarding the safe use of anesthetic and sedative agents in 2016.  The opening 

sentence states that “repeated or lengthy use of general anesthetic and sedation 

drugs during surgeries or procedures in children younger than 3 years or in 

pregnant women during their third trimester may affect the development of 

children’s brains.” This warning then suggests that brief exposure is probably safe.

FDA Drug Safety Communication: FDA review results in 
new warnings about using general anesthetics and 

sedation drugs in young children and pregnant women 
(http://www.fda.gov/Drugs/DrugSafety/ucm532356.htm)



Treatment of rodents and subhuman primates with anesthetics and 

sedatives in utero and during early postnatal development is 

associated with enhanced apoptosis (neurons and glia) and 

alterations in neurogenesis, gene expression, cytokine expression, 

synaptic transmission, and lipid metabolism that are, in turn, 

associated with cognitive and behavioral abnormalities in later life.

Exposure of Developing Brain to General Anesthesia
What Is the Animal Evidence?

Vesna Jevtovic-Todorovic, M.D., Ph.D., M.B.A.
Anesthesiology 2018; 128:832 – 839



“… the human evidence for any association can only be regarded as very weak evidence 

that anesthesia actually causes these poorer outcomes. Thus, any recommendations for 

changing practice, including the FDA warning, continue to be driven largely by the 

preclinical evidence. In contrast, there is stronger human evidence that a single brief 

exposure in a healthy infant is not associated with poorer neurodevelopmental 

outcome.”

Clinical Evidence for Any Effect of Anesthesia on the 
Developing Brain

Andrew J. Davidson, M.B.B.S., M.D., F.A.N.Z.C.A., Lena S. Sun, M.D., F.A.A.P., D.A.B.A.
Anesthesiology 2018; 128:840 – 853





Children requiring cardiac surgery may be 

particularly susceptible to potentially deleterious 

effects of anesthetics and sedatives, as they 

frequently undergo prolonged procedures and 

sometimes multiple anesthetic exposures early in 

life, often within the neonatal period.

Rationale



•  The hypothesis tested in a retrospective cohort study of 110 

infants with congenital heart disease requiring surgery with 

cardiopulmonary bypass before 44 weeks post-conceptional 

age was that greater cumulative inpatient exposure to 

sedative and anesthetic medications would be associated 

with lower neurodevelopmental scores at 18 month follow-up.

•. The primary outcomes were the Bayley Scales of Infant and 

Toddler Development, Third Edition (Bayley-III) Motor, 

Language, and Cognitive scores.

Hypothesis









Conclusion

After adjusting for confounders, there were no 

associations between cumulative volatile anesthetic 

agent, opioid, benzodiazepine, and dexmedetomidine  

exposure up to 18-month follow-up and Bayley-III 

Motor, Cognitive, and Language scores but each 

mg/kg increase in ketamine use was associated with 

a 0.34-point decrease in Bayley-III Motor scores. 





“Can we infer from (the results of this study) that prolonged administration 

of most anesthetics is safe in terms of neurodevelopmental outcomes? 

This study provides some reassurance in this regard since neither 

clinically meaningful nor statistically significant associations between the 

exposure dose of volatile anesthetics and differences in motor, cognition, 

or language outcomes were detected at 18 months of age. A similar lack 

of a dose– response was also found with opioids, benzodiazepines, and 

dexmedetomidine.”

Developmental Anesthesia Neurotoxicity:
Lessons from the Heart

Caleb Ing, M.D., M.S., Laszlo Vutskits, M.D., Ph.D.
Anesthesiology 2023; 138:371 – 373





Labor neuraxial anesthesia:

•  has been associated with reduced odds of 

postpartum hemorrhage in women giving birth 

vaginally.

•  may prevent use of general anesthesia, which is 

associated with increased odds of postpartum 

hemorrhage, if an intrapartum cesarean delivery is 

required.

Rationale



The hypothesis that labor neuraxial analgesia is 

associated with reduced odds of blood transfusion 

during childbirth was tested using birth certificate data 

for vaginal and intrapartum cesarean deliveries in the 

50 states and the District of Columbia between 2015 

and 2018.

Hypothesis



Methods - I

•  Crude odds ratios of blood transfusion associated with 

labor neuraxial analgesia were estimated using 

univariate logistic regression models overall and 

according to delivery mode.

•  As a reminder:

Odds =  Probability of an Event/Probability of a Nonevent



Results - I





Methods - II
WOMEN DELIVERING WITH LABOR NEURAXIAL ANALGESIA

had  • a higher education level  • private health insurance OR
• lived in a county with lower unemployment rate

• had gestational hypertension more often

had • an earlier initiation of prenatal care OR • more prenatal visits

were more often • nulliparous OR  • with a previous C-section

• had an induction or augmentation of labor

AND delivered more often
• in an urban setting  OR  • with a doctor of medicine as an attendant 

at birth



Methods - II
•  Adjusted differences and adjusted odds ratios were 

estimated using the propensity score matching method, 

with the propensity score estimating the individual 

probability of receiving labor neuraxial analgesia. 

•  The propensity score was calculated using a fixed-effect 

logistic regression model, with labor neuraxial analgesia 

as the dependent variable and 33 patient- and hospital-

level characteristics as the independent variables.

•  Adjusted odds ratios were estimated using conditional 

logistic regression models, overall and by delivery mode.



Results - II

Total Neuraxial 
Analgesia

Rate

Total 5,178,986 2,589,493 50%

Vaginal 
Deliveries

4,756,932 2,378,466 50%

Cesarean 
Deliveries

422,054 211,027 50%





Conclusion
“In this national study of vaginal and intrapartum 

cesarean deliveries, labor neuraxial analgesia was 

associated with reduced odds of maternal blood 

transfusion, … Reduction in the odds of maternal blood 

transfusion was more pronounced in intrapartum 

cesarean deliveries than in vaginal deliveries (45% vs. 

7%). … The small effect size for vaginal deliveries 

raises legitimate concern about its clinical relevance 

and reproducibility.”



Caveat

“We cannot rule out with certainty mechanisms other 

than labor neuraxial analgesia per se that are 

responsible for the observed reduced odds of 

maternal blood transfusion. … use of labor neuraxial 

analgesia could be a proxy for provision of high-

quality obstetric anesthesia care.”



Embracing Labor Neuraxial Analgesia as a Tool to 
Reduce Health Inequities and Hemorrhage-related 

Maternal Morbidity
Melissa E. Bauer, D.O., Lindsay K. Admon, M.D.

Anesthesiology 2023; 139:717–8

“The authors’ data support what many obstetric anesthesiologists 

have long suspected: patients receiving neuraxial analgesia during 

labor may have reduced odds of receiving a blood transfusion, 

particularly patients ultimately needing a cesarean delivery.”





“Considering this potential transfusion avoidance benefit of labor neuraxial analgesia, 

equitable efforts should be undertaken to make the provision of labor neuraxial analgesia 

accessible to all who desire it.  Inequities persist regarding which patients receive labor 

neuraxial analgesia. ... Only through continuously re-evaluating the barriers, engaging 

with patients and surrounding communities, and creating strategies to address barriers 

will we begin to address inequities in care.”

Embracing Labor Neuraxial Analgesia as a Tool to 
Reduce Health Inequities and Hemorrhage-related 

Maternal Morbidity
Melissa E. Bauer, D.O., Lindsay K. Admon, M.D.

Anesthesiology 2023; 139:717–8





• Recommend using quantitative neuromuscular monitoring at the adductor 
pollicis muscle and confirming recovery of train-of-four ratio ≥ 0.9 prior to 
extubation.

• Recommend using sugammadex for reversal of deep, moderate, and shallow 
levels of neuromuscular blockade that is induced by rocuronium or vecuronium.

• Suggest neostigmine is an alternative to sugammadex for antagonism of 
minimal neuromuscular blockade (train-of-four ratio in the range 0.4 to < 0.9).

• Indicate patients with spontaneous recovery to train-of-four ratio ≥ 0.9 
identified with quantitative neuromuscular monitoring do not require 
pharmacological antagonism.

• Discuss methods for implementing routine quantitative monitoring for patients 
receiving neuromuscular blocking agents.

The 2023 American Society of Anesthesiologists Practice 
Guidelines for Monitoring and Antagonism of Neuromuscular 

Blockade 



Measuring Success of Patient Safety Initiatives:
The 2023 American Society of Anesthesiologists Practice Guidelines 

for Monitoring and Antagonism of Neuromuscular Blockade
Sorin J. Brull, M.D., F.C.A.R.C.S.I. (Hon), Aaron Kopman, M.D.

Anesthesiology 2023; 138:4–6

“[These practice guidelines...] should represent the basis 

for a consensus on safe administration and reversal of 

neuromuscular blocking drugs in daily practice.”





•  Sugammadex is effective for reversing neuromuscular 

blockade produced by rocuronium or vecuronium.

•  The manufacturer has recommended that a 

sugammadex dose of 2 mg/kg be administered if at 

least two twitches are present in response to a train-

of-four stimulus, or 4 mg/kg if there are less than two 

twitches but a post-tetanic count of more than 0.

Sugammadex



Hypothesis
The hypothesis that many patients would require less 

than the recommended dose of sugammadex, but 

that some would require more, and that recurrent 

paralysis would not occur was tested in a prospective 

dose-finding study of 97 cardiac surgery patients 

administered rocuronium in whom neuromuscular 

blockade was monitored using an electromyography-

based twitch monitor. 



Methods

•  Sugammadex was titrated in 50 mg increments 

every 5 min until a train-of-four ratio of at least 0.9 

was reached at the conclusion of cardiac surgery.

•  Quantitative twitch monitoring was continued 

postoperatively in the ICU while the patients 

remained sedated and intubated.



TOF Count < 2 N = 29 TOF Count ≥ 2 N = 68







•  The range of dose requirements for patients with the same 

twitch response varied greatly. Eighty-four of 97 patients 

(87%) required less than the manufacturer’s recommended 

dose and 13 (13%) required more.

•  Since the dose required could not be predicted with 

certainty based on the train-of-four twitch response 

immediately before reversal, quantitative twitch monitoring 

is essential to evaluate the effectiveness of reversal with 

sugammadex.

Conclusions





“This work contains a number of findings that deserve attention from our entire 

profession. Most importantly, it contradicts the widespread belief that simply 

giving the recommended 2- or 4-mg/kg dose of sugammadex, based solely on 

an observed twitch count (or post-tetanic count) ensures adequate reversal. … 

the … study strongly argues that the recommendations should be combined 

with careful monitoring.”

Sugammadex Is Not a Silver Bullet: 
Caveats Regarding Unmonitored Reversal

Michael M. Todd, M.D., Aaron F. Kopman, M.D.
Anesthesiology 2023; 139:1 – 3



“… at an EMG train-of-four ratio of 0.90, while a subject may have few 

symptoms of residual block, his/her neuromuscular reserve is still 

markedly diminished. This may be of little consequence in young, healthy 

patients, but in our sickest and oldest patients having major surgery, we 

should probably consider a target value closer to 1.0 with any form of 

quantitative monitoring.”

Sugammadex Is Not a Silver Bullet: 
Caveats Regarding Unmonitored Reversal

Michael M. Todd, M.D., Aaron F. Kopman, M.D.
Anesthesiology 2023; 139:1 – 3



3 days: Acceptance to online publication

8.8: Journal Impact Factor (ranked #3 of 63)

New: Author choice open access option
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>54,000 ASA members reached

>6 million social media users reached
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