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How To Deal with A Patient Who Has Taken A GLP-1 Receptor Agonist

Undergoing Upper Endoscopy Procedure: Cancel or Proceed?

Juan Li, MD Yong G Peng, MD, PhD, FASA, FASE
Narragansett Bay Anesthesia University of Florida College of Medicine,
Department of Anesthesiology

Disclosures: The presenters have no financial relationships with commercial interests.

Objectives:

After the case discussion, we can learn from the following aspects:

1) Describe the pharmacodynamic mechanism of a glucagon-like peptide-1 receptor agonist (GLP-1 RA),
its side effects, and its impact on gastric emptying.

2) Determine the potential aspiration risk for patients who have taken a GLP-1 RA.

3) Discuss the systematic approach including point-of-care ultrasound (PoCUS) in preoperative
stratification for patients who have taken a GLP-1 RA.

Introduction:

A 55-year-old man is scheduled for esophagogastroduodenoscopy (EGD). His past medical history is significant
for hypertension, hyperlipidemia, s/p coronary artery stent for coronary artery disease, chronic obstructive
pulmonary disease (COPD), gastroesophageal reflux disease (GERD), diabetes mellitus, and chronic kidney
disorder (CKD). He has no known drug allergies. He takes lisinopril, metoprolol, clopidogrel, asprin, albuterol PRN,
insulin, metformin, and dulaglutide injection qWeek (last dose 3 days ago) at home. His weight is 80 kg, and his
body mass index is 31.

Physical Examination: The patient displayed no acute distress and was pleasant during the preoperative evaluation.

Vital signs: BP 140/75 mmHg, HR 80, RR 14, SpO2 99%, T 36.6 F.

Key Questions:
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You evaluate the patient for surgical procedure in the preoperative holding area.

1. Are there any clinical concerns for this patient undergoing EGD?

2. How does a GLP-1 RA slow gastric emptying, what is its half-life, and what effects does it have?

3. What is your anesthesia plan for the patient?

4. What else do you plan to do before you decide to provide anesthesia for the patient?
Based on a new American Society of Anesthesiologists (ASA) NPO guideline published in October 2023, the
anesthesia team communicated with the gastroenterology team and expressed concerns that the patient might still
have been considered a full stomach since he did not stop taking a GLP-1 RA until 3 days ago, which put him at
higher risk of pulmonary aspiration during EGD. The anesthesia and gastroenterology teams both agreed that the
elective EGD procedure should be postponed. When the anesthesiologist informed the patient about the aspiration
risk and potential complications, the patient changed his “story”’; he stated that his last dose of dulaglutide was 10
days ago and insisted on proceeding with the case. Since there was some difficulty in convincing the patient to
cancel the EGD procedure, the anesthesiologist decided to perform a gastric PoCUS exam to evaluate the patient s
stomach status.

5. Can you describe how to perform a gastric PoCUS exam?

6. What does solid food and clear liquid look like on ultrasound?

7. What criteria are used to determine on ultrasound that the patient has a full stomach, which increase his risk
for aspiration?

The anesthesia team performed a gastric PoCUS exam, as shown in Figure 1.

Figure 1. Gastric Ultrasound Picture with the Patient in the
Right Lateral Decubitus Position
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8. For elective procedures like EGD, what would you do if presented with the gastric ultrasound shown above?
9. What are the risk factors for aspiration?

The anesthesia team explained to the patient that solid food was found in his stomach, that he had a very high risk
of aspiration with sedation for EGD, and that there was no guarantee of preventing aspiration with an endotracheal
tube and gastrointestinal (Gl) suction. The patient later admitted that he took the dulaglutide 3 days ago rather
than 10 days. He “just wanted the EGD to get done” and agreed to cancel the case after his full stomach was
confirmed with ultrasound.

10. According to new ASA recommendations, what is the safe time window to perform EGD for patients who
have taken a GLP-1 RA and do not have an adequate elapsing date?

11. What is the new research about aspiration risk for patients on a GLP-1 RA to have sedation/monitored
anesthesia care (MAC) cases? General anesthesia cases?

The use of GLP-1 RAs is becoming more popular in the treatment of type 2 diabetes and obesity (Table 1). These
patients are increasingly likely to be taking GLP-1 RAs during perioperative periods. Multiple organ systems
contain GLP-1 receptors, including the brain, heart, gastrointestinal tract, and pancreas (Figure 2). Stimulating this
receptor leads to losing weight, better glycemic management in diabetic patients, and improved cardiac and renal
functions.!

Some side effects related to GLP-1 RAs include nausea, vomiting, and diarrhea. These symptoms may subside if
patients continue to take the GLP-1 RA. There have also been reports of gallbladder and biliary disease, including
cholecystitis. In case reports, angioedema and anaphylaxis are also described.!
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Daily Dosing Half-Life Special Considerations

Exanetide (Byetta®, Bydureon”) 3h Associated with immune-mediated
thrombocytopenia

Lixisenatide (Adlyxin®) 3h No longer available in the United States

Liraglutide (Saxenda®, Victoza®) 12.5h Approved for weight loss

Weekly Dosing

Semaglutide (Wegovy®, Ozempic®) 7d Approved for weight loss
Dulaglutide (Trulicity®) 4.5d Approved for DM-2 and weight loss
Tirzepatide (Mounjaro”) 5d Approved for weight loss

Table 1. Common GLP-1 Agonists
Abbreviation: DM-2, type 2 diabetes mellitus.

GLP-1 RAs may pose anesthetic risks. GLP-RAs can slow gastric emptying and colon transit time. that It is still
possible for patients on a GLP-1 RA to aspirate liquid or solid gastric contents under anesthesia, even when they
have fasted for a conventional time per the ASA practice guidelines.’

Pulmonary aspiration under anesthesia is a rare event. However, the consequences can be devastating. In addition,
the ASA reports that aspiration is one of the top 3 adverse events associated with airway management. Passive or
active regurgitation of gastric contents is a leading cause of aspiration. Therefore, it is very important to recognize
patients with an elevated risk of increased gastric volume.'

Patients undergoing anesthesia with unprotected airways are at risk of pulmonary aspiration, especially those with
higher risk factors (Table 2). There are case reports as well as retrospective studies showing that patients on GLP-
1 RAs undergoing endoscopy have an increased volume of gastric contents.! Wu et al found that even with the
recommended 8-hour fasting by ASA guidelines, GLP-1 RA patients have a higher residual gastric content and a
potentially higher risk of pulmonary aspiration.®

Compared with control groups, GLP-1 RA patients had an odds ratio of 5.8 (95% CI, 1.7 to 19.3) for residual gastric
contents. In addition, one patient on a GLP-1 RA was started on MAC but had to be converted to general anesthesia
due to large residual gastric contents discovered during the endoscopy, and another case witnessed pulmonary
aspiration.®

In March 2024, Yeo et al. published a retrospective cohort study of 70 047 074 adults and 963 184 patients with
916249 (95.1%) nonusers and 46 935 (4.9%) users of GLP-1 RAs.> There was a higher incidence of aspiration
pneumonia among GLP-1RA users (0.83% vs 0.63%). Aspiration pneumonia was significantly more common in
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users (hazard ratio [HR], 1.33; 95% CI, 1.02-1.74; P=0.036) than in nonusers. It is important to pay particular
attention to upper endoscopies without protected airways, propofol sedation, and combined upper and lower
endoscopies.’

Dixit et al. published a retrospective cohort study in April 2024 which found that the use of GLP-1 RAs before
surgery did not result in respiratory complications following surgery. However, only 2.8% of the procedures
involved upper endoscopies, while the rest were emergent cases requiring general anesthesia.

Achalasia

Esophageal-related problems Previous esophagectomy (eg, [vor Lewis)

Tracheoesophageal fistula

Intra-abdominal Obstruction Gastric outlet

Small bowel

Colonic

Longstanding diabetes

Gastroparesis Neuromuscular disorders

Medication (eg, GLP-1 RA)

High risk for ileus/bowel | Acute pancreatitis
dismobility

Recent intra-abdominal surgery

Inpatient receiving opioids/prolong bedrest

Emergency case

Case with prolonged duration or complexity

Pregnancy

Active GI Bleed

Table 2. Risk Factors for Aspiration'
Abbreviation: GI, gastrointestinal; GLP-1 RA, glucagon-like peptide-1 receptor agonist.
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Right Age(y)

lat CSA 20 30 40 50 60 70 80
2 31 18 5 0 0 0 0
3 45 32 20 7 0 0 0
4 60 47 34 21 9 0 0
5 74 62 49 36 23 10 0
6 89 76 63 51 38 25 12
7 103 91 78 65 52 40 27
8 118 105 93 80 67 54 41
9 133 120 107 94 82 69 56
10 147 135 122 109 96 83 71
11 162 149 136 123 111 98 85
12 177 164 151 138 125 113 100
13 191 178 165 153 140 127 114
14 206 193 180 167 155 142 129
15 220 207 194 182 169 156 143
16 235 222 209 200 184 171 158
17 249 236 224 211 198 185 173
18 164 251 239 226 213 200 187
19 278 266 253 240 227 214 202
20 293 281 268 255 242 229 217
21 307 295 282 269 256 244 231
22 323 310 297 284 271 259 246
23 337 324 311 298 285 273 260
24 352 339 326 313 301 288 275
25 366 353 340 327 315 302 289
26 381 368 355 343 330 317 304
27 395 382 369 357 344 331 318
28 410 397 385 372 359 346 333
29 424 411 398 386 373 360 347
30 439 427 414 401 388 375 363

Table 3. Gastric Volume and the Cross-Sectional Area of the Antrum (CSA) are Linearly Related®

GRADE ANTRAL PRESENTATION VOLUME IMPLICATIONS ASPIRATION RISK
0 Empty in both supine and Minimal Low risk
RLD position
1 Empty in supine, clear fluid < 1.5 mL/kg, compatible with Low risk
visible in the RLD baseline gastric secretions
2 Clear fluid > 1.5 mL/kg, likely in excess of High risk
visible in both positions baseline gastric secretions 9

Table 4. Antral Grading System®. Abbreviation: RLD, right lateral decubitus (position).
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The ASA has released updated, consensus-based guidance on preoperative management of GLP-1 RAs. For elective
procedures, 1 day prior to the procedure, daily GLP-1 RAs should be withheld, and weekly dosed GLP-1 RAs
should be withheld for at least 1 week. Furthermore, patients should be asked about their GI symptoms on the day
of their procedure, including nausea, vomiting, abdominal pain, and abdominal distention. It is strongly
recommended that elective procedures be postponed among symptomatic patients. Perioperatively, if a patient does
not have the aforementioned GI symptoms and GLP-Ras are held in accordance with recommendations, the
procedure can be performed. Patient without GI symptoms but not holding the medication as advised should proceed
with the procedure with "full stomach" precautions. In addition, there is no evidence that patients taking GLP-1
RAs should fast for a specific amount of time. Using ultrasound to determine gastric volume is also recommended
(Figure 3). The algorithm for performing a gastric ultrasound is shown in Figure 4.! Gastric ultrasound can help
with decision-making (Table 3 and Table 4).

Patient presents on
GLP-1 RA

l

Hold GLP-1 RA per ASA
recommendations and ——Yes—»- Proceed

No

asymptomatic

perform minimal

sedation w/wo Perform POCUS with contents
reginal? risk for aspiration or inconclusive

\,

Proceed '« No Yes

Proceed using full

; o—— Elective procedures
stomach precautions

Yes

v

Consider delaying
procedure

Figure 3. Algorithm for Patients Presenting for Elective Surgery While Taking a GLP-1 RA
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In patients who have taken GLP-1 RAs, gastric ultrasound is recommended to evaluate the gastric contents before
anesthesia.! According to Sherwin et al's prospective observational study, residual gastric solids were detected with
gastric ultrasound. Aspiration risk during anesthesia care may be impacted by GLP-1 RAs following an overnight

fast and 2 hours after clear liquids, which may have implications for gastric emptying and residual gastric contents.’

A rapid sequence induction of general anesthesia and decompression of the gastric contents before emergence could
be considered in the event of unknown gastric contents. Solid foods are not easily decompressed by gastric suction,
so there is a risk of aspiration during emergence if there is residual solid content in the stomach.!

Qualitative
Exam
Empty . .
Grade 0 Clear Fluid Solid
Low Risk Volume? High Risk
Grade 1 OR Grade 2 OR
Vol<1.5 mL/kg Vol>1.5 mL/kg
Suggests Suggests
Empty Stomach Full Stomach
Proceed .
with case Urgent Elective
Proceed with aspiration Delay or
profylaxis e.g. RSI cancel

Figure 4. The Algorithm for Performing PoCUS Gastric Ultrasound
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Abstract

Heart failure with preserved ejection fraction (HFpEF) is recognized as an important risk factor for perioperative complications.
However, anesthesia management of HFpEF patients remains a considerable challenge without clear guidance. HFpEF is
heterogeneous in its pathophysiological processes, diverse clinical presentations, adverse remodeling of cardiovascular and
other organs, and clinical outcomes. It is difficult to manage the disease with one fixed approach because of this. This review
phenotypes HFpEF patients by combining their clinical features and anesthesia care issues. Five phenotypes of HFpEF patients
are identified: A, O, P, C, and Y. The clinical features, anesthesia implications, and anesthesia management for each phenotype
are highlighted and discussed. Such an approach to HFpEF patients in the operating room could deliver safe, high-quality

perioperative care.

Introduction

Heart failure with preserved ejection fraction (HFpEF) is
increasingly recognized as a crucial risk factor for
perioperative mortality and morbidity in cardiac and non-
cardiac surgeries [1-3]. HFpEF is becoming the dominant
form of heart failure (HF),[4] yet there is no clear guidance
to manage these patients during the perioperative period.
HFpEF is associated with comorbidities such as hypertension,
obesity, diabetes, pulmonary hypertension, cardiac
arrhythmias, systematic inflammation, increased stiffness in
tissues, and impaired oxygen utilization [3,4].
Anesthesiologists face great challenges when delivering
anesthesia care to HFpEF patients [3].

The pathophysiological processes leading to HFpEF are
even more complex and complicated, involving numerous
cellular and molecular signaling pathways [5]. Thus, the
multifaceted clinical presentation, poorly understood
underlying mechanisms, and lack of effective treatment
render it challenging to mitigate HFpEF perioperative risks.

This review covers the phenotyping of HFpEF patients and
the implications for anesthesia management.

HFpEF diagnosis and treatment

HFpEF can be readily suspected with signs and
symptoms of HF (Table 1) and a normal EF (i.e. >50%).
However, these classic clinical signs and symptoms of HF are
non-specific, non-obvious, and sometimes can only be
elicited by stress testing. Therefore, HFpEF diagnosis usually
requires objective evidence of abnormalities in cardiac
structure and function related to HF (c.f. imaging studies, i.e.,
echocardiography), plasma BNP (>35 pg/ml), and NT-
proBNP (>125 pg/ml) elevation.[6] Recently, a score-based
approach, which incorporated the six strongest independent
predictors of HFpEF (hypertension, obesity, atrial fibrillation
(a-fib), pulmonary hypertension, elderly, filling pressure—
H,FpEF) was proposed (Table 2) [7].
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Table 1
Symptoms and signs of heart failure (HF).

Symptoms Signs

Shortness of breath (dyspoea) Jugular vein distension
Low extremity edema

Pulmonary edema

Orthopnea

Persistent coughing or wheezing
Tiredness, fatigue

Lack of appetite

Confusion, impaired thinking
Tachycardia

Hepatojugular reflex
Cardiomegaly

§3 gallop

Pleural effusion

Weight lass Decreased vital capacity
Table 2
Criterion used to diagnose HFpEF: H,FpEF scoring system. [7].
Label  Clinical Variable Parameters Score
Hz Heavy BMI >30 kg/m* 2
Hypertension 2 or more antihypertensive medicine 1
F Atrial Fibrillation Proximal or persistent 3
P Pulmonary PASP >35 mmHg (echocardiography) 1
hypertension
E Elder Age > 60 years old 1
F Filling pressure E/¢” > 9 (Doppler echocardiography) 1

BMI body mass index, PASP pulmonary arterial systolic pressure, E/e” ratio
between early mitral inflow velocity and mitral annular early diastolic velocity.

This scoring system evaluates a symptomatic patient
suspected of HFpEF for these six predictors (maximum score
is 9). A score of 0-1 suggests low probability, 2-5
intermediate probability, and > 6 high probability. Patients
with scores of 2-5 require additional exercise/stress testing
for diagnosis.

The European Society of Cardiology developed a similar
scoring system [8]. This system emphasizes cardiac structural
(chamber size/volume) (Domain 1) and functional (diastolic)
(Domain 2) abnormalities, levels of plasma BNP and NT-
proBNP in patients with sinus rhythm (Domain 3), and a-fib
(Domain 4). Each domain has a score of 2, for a maximum
score of 8. A score of 0-1 indicates no disease, 2-4
intermediate probability, and >5 high probability.

Both systems emphasize the importance of additional
stress exercise testing in intermediate-risk patients. The
H,FPEF system seems more practical and easier to use by the
general practitioner, as it does not require echocardiography
expertise. However, different scores assignment to each
factor would increase probability intervals for diagnosis. In
addition, echocardiographic diagnosis of PASP and E/e ratio
is not always reliable. Therefore, the H2EPEF scoring system
can be improved in order to make the diagnosis of HFpEF
easier and more reliable. Thus, a firm diagnosis of HFpEF
requires the presence of HF signs and symptoms and expert
echocardiography examination and, sometimes, invasive
testing, especially in patients with intermediate scores.

In general, HFpEF patients are managed and treated
according to their HF stages as described in the guidelines
recently published [9]. Majority of the treatments involves
pharmacological therapies. At early stages, management

Vol.11 No.2, 2024

includes risk factor reduction, patient and family education,
and treatment of underlying diseases such as hypertension,
diabetes mellitus, coronary artery disease, and dyslipidemia.
Angiotensin ~ receptor-neprilysin  inhibitor =~ (ARNi),
angiotensin converting enzyme inhibitor (ACEi) or
angiotensin receptor blocker (ARB), and sodium-glucose
cotransporter-2 inhibitor (SGLT2i) are recommended drugs.
Patients with more advanced stages are treated with diuretics
as first line therapy, supplemented by SGLT2i and possibly
other drugs mentioned above. However, unlike heart failure
management for reduced ejection fraction (HFrEF), there is
no established guide to drug therapy for HFpEF patients due
to lack of clinical benefits. Nevertheless, SGLT21i has recently
been shown to reduce HF hospitalization or cardiovascular
death but not all-cause mortality [10].

Treatment approaches adopted from HFrEF have been
largely unsuccessful in HFpEF due to substantial
heterogeneity in its clinical presentation and etiologies [4].
Researchers have thus proposed phenotype-specific
management strategies [11]. Treatment plans are derived
from either a matrix of clinical presentation phenotypes (i.c.,
presentations  showing  organ-specific  involvement
/characteristics) or predisposing phenotypes (i.e., etiological
factors). The success of phenotype-based management of
HFpEF has yet to be seen due to a lack of consensus on
criteria for profiling these patients. Nevertheless, this
phenotype framework provides an impetus to design HFpEF
patient perioperative care out of the traditional box.

Clinically subgrouping HFpEF patients and outcomes

As discussed above, HFpEF diagnosis combines clinical
signs and symptoms with documentation of diastolic
dysfunction of the heart (structural or functional) [7,8]. Yet,
it has been difficult for clinicians to readily determine the
degree to which pathological processes are present in each
HFpEF patient because of varied pathological processes
(beyond coronary artery disease alone) with varied cardiac
structure and function alterations. Therefore, attempts have
been made to phenotype HFpEF patients according to their
clinical profiles/features, examination and laboratory results,
disease progress, and therapy response [12-14]. These studies
showed group differences in outcomes.

Kao et al. identified six sub-groups of HFpEF patients
from the Irbesartan in Heart Failure with Preserved Ejection
Fraction Study (I-PRESERVE) trial database (4,113 HFpEF
patients) [12]. Identification was based on 11 clinical
features (age, gender, BMI, a-fib, coronary artery disease
(CAD), diabetic mellitus (DM), hyperlipidemia, valvular
disease, alcohol use, estimated glomerular filtration rate
(eGFR), and hematocrit). Two subgroups of HFpEF patients
had the worst primary (all causes of mortality or
hospitalization due to cardiovascular reasons) and secondary
(HF hospitalization or death from HF or sudden death)
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outcomes, with a mean follow-up of 49.5 months. One group
was older (>70 yr) and morbid obese (BMI > 30). These
patients also had, CAD, hyperlipidemia, diabetes mellitus,
renal failure, and hematocrit <40 %. The other group was
older (>80 yr), with atrial fibrillation, renal failure,
hematocrit <40 %, and higher NT-proBNP (950 lg/ml).

Based on the clinical features, biomarkers, and
echocardiography, Cohen et al. identified three HFpEF
phenogroups in 3,445 patients enrolled in a multicenter
internal trial: Treatment of Preserved Cardiac Function Heart
Failure with an Aldosterone Antagonist Trial (TOPCAT) [14].
These three phenogroups included: Phenogroup 1 (mean age
61 years, smoking 24%, diabetes 9%), Phenogroup 2 (mean
age 77 years, women 56%, a-fib 49%, eGFR 58 ml/min/1.73
m?), and Phenogroup 3 (mean age 66 years, obesity 98%,
diabetes mellitus 88%, chronic renal insufficiency 57%,
depression 36%, black patients 21%, NYHA Class III or IV
54%). Phenogroup 1 had the lowest NT-proBNP levels, least
LV hypertrophy with the largest left ventricular (LV) cavities,
lowest left atrial (LA) volumes and mitral E/e’ ratios, and the

Vol.11 No.2, 2024

lowest arterial stiffness; Phenogroup 2 had the highest levels
of biomarkers for innate immune response, the smallest LV
cavities with the lowest LV mass, largest LA, lowest mitral
annular a" and s velocities, and highest arterial stiffness;
Phenogroup 3 had the highest levels of tumor necrosis factor-
mediated inflammatory markers, the highest LV wall
thickness and LV mass, highest E/e’ ratios, and compliant
arteries. Importantly, Phenogroups 2 and 3 had a significantly
higher risk for primary endpoint (composite of
cardiovascular death, HF hospitalization, or aborted cardiac
arrest), all-cause mortality, and HF hospitalizations than
Phenogroup 1. Interestingly, spironolactone therapy
significantly increased the probability of survival for patients
in Phenogroup 3.

Clearly, phenotyping HFpEF patients provides insight
into factors underlying their differences in disease
presentation, progression, and prognosis. More importantly,
phenotyping helps to identify subgroups of HFpEF patients
who may respond to specific therapies.

Table 3
Common medicines taken by HFpEF patients and perioperative management.
Drugs Action Recommendation Others
p-blockers |myocardial ischemia Continue throughout peri-operative period Avoid acute withdraw

|arrhythmias, |BP

a2-agonists |BP Continue throughout peri-operative period For clonidine: oral can be replaced by transdermal 3 days
before surgery
Ca®* channel |BP, |arrhythmias, |myocardial Continue throughout peri-operative period Oral can be replaced by IV
blockers ischemia
trelaxation/dia.
function
ACEi{/ARBs |BP, tsurvival(?) Well-controlled BP: hold 24 h. before surgery (long- Restart <48 h. post-operatively.
‘ANRis Renal benefit acting drugs) If continuing preoperatively, be aware of intraoperative |BP
Poorly-controlled BP: and postoperative 1BP
Continue
Diuretics |BP, BP and well-controlled blood volume: hold in the Watch hypokalemia
|blood volume moming of surgery Give IV diuretic if holding causes volume overload during
Poorly controlled volume: continue perioperative period
Digoxin |hospitalizations, |a-fib Continue Usually no need to check levels
Statins |LDL Continue Start as early as possible in untreated patients during
|CV risks overall perioperative period
linflammation, |A-fib
Stabilizing plaques
SGLT2 |LDL, |HF mortality(?) metabolic Discontinue for 3 days (4 days for ertuglifiozin) Monitoring blood glucose during discontinuation
benefits Restart when oral intake possible or risk of ketoacidosis
reduced
GLP-1 agonist tinsulin sensitivity If taken daily, hold on day of surgery If not held, and no Gl symptoms, proceed with full stomach
|blood glucose, If taken weekly, hold a week before surgery precaution
Ibody weight If Gl symptoms present, delay elective surgery

|cardiovascular risks
frelaxation/diastolic function

BP blood pressure, ACEi angiotensin converting enzyme inhibitor, ARBs angiotensin receptor blockers, a-fib atrial fibrillation, CV cardiovascular, LDL low density
lipoprotein, SGLT2i sodium-glucose cotransporter 2 inhibitor, GLP-1 glucagon-like peptide-1, GI gastrointestinal.

Perioperative management

Perioperative risks for HFpEF patients

Despite normal EF (i.e., normal cardiac output),
perioperative risks are no different from those of HFrEF,
revealed by retrospective studies with large sample sizes
from non-cardiac [2,15] and cardiac surgical patients [1]. For

example, a retrospective analysis of ~300,000 HF patients in
19 moderate-to-high non-cardiac surgeries showed that 40.8%
and 54.5% of HFpEF patients developed cardiopulmonary
and non-cardiopulmonary complications after surgery,
respectively, with a ~5% in-hospital mortality [2]. In acute
hip fracture surgeries, HFpEF patients had an adjusted odds
ratio (aOR) of 1.69 for major adverse cardiac and cerebral
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events (MACCE), 1.71 for respiratory failure, and 1.52 for
renal failure [15].

In HFpEF patients, causes of death are primarily
cardiovascular (~60-70%). Sudden cardiac death and HF
account for ~45-55%% and vascular 5-15%. Non-cardiac
death is related to renal failure, respiratory failure,
infection/sepsis, and malignancy (20-30% of all deaths) [16].
The high prevalence of cardiovascular-related deaths in
HFpEF patients renders these patients more susceptible to
cardiovascular complications during the perioperative period.

Perioperative medications for HFpEF patients

Because of the complex and heterogenous
pathophysiological mechanisms involved in HFpEF, these
patients are commonly on multiple “housekeeping”
medicines for symptoms relieve and control of baseline
comorbidities [17]. Table 3 shows the medications that
HFpEF patients likely take when they come for
surgeries/procedures and their perioperative management.
Whether patients should continue or hold these medicines is
still under investigation. But the general consensus is that
most of these medicines can be continued, with a number of
caveats. For ACEi/ARBi/ANRI, continuation before surgery
is not associated with adverse outcomes [18-20], but
associated with intraoperative hypotension. Therefore,
caution should be exercised to monitor BP closely and treat
hypotension promptly. For SGLT2i, which has been shown to
decrease hospitalizations and mortality in HFpEF patients
[10], holding (for at least 3-4 days) before surgery is
recommended by the FDA [21,22], due to the development of
euglycemic ketoacidosis (EGKA) [23]. The mechanism of
SGLT2i-induced EGKA is depicted in Figure 1. Risk factors
for development of EGKA for patients taking SGLT2i include
acute illness (infection, myocardial infarction, pulmonary
embolism), malignancy, dietary changes, cocaine abuse,
pregnancy, and preoperative/postoperative fasting [24].
Common features of EGKA are metabolic acidosis with an
anion gap, ketonemia and ketonuria, and blood glucose <200-
300 mg/dl. Glucagon-like peptide-1 (GLP-1) receptor
agonists have been shown to reduce mortality and HF
hospitalizations in diabetic patients [25]. However, there is
no guidance regarding their use nor known benefits in HFpEF
patients. Nevertheless, some HFpEF patients may have
started on GLP-1 agonists given the positive effects on
mitigating diabetes and cardiovascular risks in these patients
[26]. One risk of taking GLP-1 agonists is accumulation of
gastric content as a result of delayed gastric emptying [27].
In this regard, ASA has issued a guideline on holding and
management of patients who are on the drug [28]. Depending
on the dosing frequency, GLP-1 inhibitor can be held on the
day (daily dosing) or the week (weekly dosing) before
surgery. If the drug is not stopped and the patient has no
gastrointestinal (GI) symptoms, anesthesia/surgery should
proceed with “full stomach” precautions. If patient has GI
symptoms, one should consider delaying elective procedures
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SGLT2
inhibitors

L

Glucagon 1

Glucosuria 1

Lipolysis 1 |Renal
FFA 1 e secretion:
B-oxidation { .—-="" 3-OHB
Ketone body 1 aceto-
acetate
Euglycemic DKA
Figure 1. Mechanism of SGLT2i-induced euglycemic

ketoacidosis. SGLT2i causes glucosuria, decreases insulin secretion,
and promotes glycogen secretion. As a result, lipolysis increases and
levels of FFA increase. Augmentation of FFA B-oxidation and
accumulation ketone bodies occur. SGLT2i sodium-glucose co-
transporter 2 inhibitor, FFA free fatty acid, ACC acetyl-CoA
carboxylase, CPT-I carnitine palmitoyltransferase-I, 3-OHB
hydroxybutyrate, DKA diabetic ketoacidosis.

regardless of whether the drug is held or not. In emergency,
the potential risks of regurgitation and pulmonary aspiration
should be discussed with the surgeon, the patient, and family.

Phenotyping HFpEF Patients Coming to the Operating
Room

Given the multifactorial and diverse nature of clinical
presentations, response to therapies, and prognosis, HFpEF
patients will behave heterogeneously when they come for
surgeries and procedures and present challenges to
perioperative management. Thus, it seems necessary for
anesthesiologists to address the diversity of HFpEF to deliver
better perioperative care to these patients.

Figure 2 illustrates the proposed phenotypes for HFpEF
patients pertinent to perioperative anesthesia management
based on considerations of HFpEF clinical features and
implications to anesthesia care. There are five phenotypes of
HFpEF patients: (1) elderly patients with
HFpEF, or phenotype A; (2) obese patients with HFpEF, or
phenotype O; (3) HFpEF patients with pulmonary
hypertension, or phenotype P; (4) HFpEF with cardiac
ischemia and dysfunction (cardiomyopathy), or phenotype C,
(5) younger patients with HFpEF, or phenotype Y. The
following will discuss the clinical features of each phenotype
and their anesthesia implications. More importantly, we will
highlight the issues in anesthesia management associated
with each phenotype.

Phenotype A

Phenotype A patient characteristics

Those patients are older with age over 75-80 years old and
above. In addition to significantly advanced age, elderly
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Phenotype Y

Phenotype A
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Phenotype O

Diabetes, altered metaboli
chronic renal Insufficlency
high renin, Sleep apnea
1arterial stiffness, LVH

Phenotype C

tinflammation

Phenotype P

Figure 2. Schematic for phenotype classification. The core clinical features of HFpEF are presented within the circle. Five phenotypes
with key clinical features are illustrated (see text for details). HFpEF heart failure with preserved ejection fraction, HTN hypertension, AF
atrial fibrillation, DF diastolic dysfunction, PH pulmonary hypertension, OBE obesity, LVH left ventricular hypertrophy, CAD coronary
arterial disease, CMD coronary microvascular disfunction, MI myocardial infarction, PASP pulmonary arterial systolic pressure.

patients have increased cardiovascular stiffness (both arteries
and heart) with widened pulse pressure [29,30], which
contributes significantly to the development of HFpEF. They
also have concentric LV hypertrophy with diastolic
dysfunction, severely enlarged LA accompanied by a-fib,
significantly elevated plasma BNP and NT-proBNP levels,
and a higher incidence of chronic kidney insufficiency
[12,14]. Anemia is not uncommon in these patients.

Phenotype A anesthesia implications

Age >80 years is a risk factor for complications in
moderate-to-high-risk surgeries. A meta-analysis showed that
the 30-day postoperative mortality and length of hospital stay
more than doubled in patients aged 80 and over after
pancreaticoduodenectomy[31]. There was also a 50%
increase in postoperative complication rate. However, low-
risk laparoscopic procedures (including laparoscopic
hepatectomy and gastrectomy) were as safe as in younger
patients [32,33].

Frailty, which increases with ageing [34], is another risk
factor for perioperative adverse outcomes [35]. Postoperative
mortality is significantly increased in patients with frailty,
especially the very frail, and can be as high as 43% at 180
days postop [35]. Thus, preoperative frailty assessment is
paramount for early intervention and better outcomes. It
should mention that frail patients often have cardiac
dysfunction, especially diastolic dysfunction (both LV and
RV).

Increased cardiovascular stiffness in elderly HFpEF
patients has important implications [36]. Systolic pressure,
especially in the mid-to-late phase, is elevated, accompanied
by widened pulse pressure, due to increased arterial stiffness
[36-38], leading to augmentation of systolic pressure and
reduction of early diastolic pressure thus coronary perfusion
time. Another pathophysiologic effect of increased pulse
pressure is increased pulse energy, which can damage the
microvasculature of flow-rich organs (such as the kidney and
brain [36]).
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Cardiac remodeling also occurs in elderly HFpEF
patients, manifesting as hypertrophy, diastolic dysfunction,
and increased LA size. These patients are prone to cardiac
ischemia and arrhythmias, which can lead to heart failure.
Renal insufficiency will lead to renal or other organ failures
(heart, respiratory, coagulation).

Phenotype A anesthesia management

Preoperative comprehensive assessment of these patients
should include systematic evaluation of comorbidities,
functional status, cardiopulmonary function, neurocognitive
function, sensory impairment, frailty, nutrition, and
medication [39]. Such evaluation would aim to understand
the functional status of vital organs, establish frailty status,

and know baseline values of blood chemistry and coagulation.

If identified, anemia should be treated before surgery.
Intraoperative management includes mindful use of
medicines (anxiolytics, narcotics, and other drugs) and
invasive monitoring for moderate-to-high-risk procedures
(arterial line, central venous pressure). These patients have
increased arterial stiffness and, therefore, a smaller window
for blood pressure management to optimize (diastolic)
coronary perfusion and minimize afterload. Minimizing
pulse pressure also protects the kidney and brain from injury.

The best strategy would be an aggressive goal-directed
blood pressure management plan, which includes (1) goals
for systolic and diastolic pressure based on baseline values;
(2) using fluids, vasopressors and dilators to maintain pulse
pressures at set levels; (3) appropriate depths of anesthesia
(EEG or BIS monitoring preferred) and pain control.

Adverse cardiac remodeling renders these patients prone
to cardiac ischemia and arrhythmias, decreasing cardiac
output. Thus, tachycardia and hypoxia should be avoided at
all costs. A-fib should be treated promptly, including
immediate cardioversion if necessary. Postoperative
management is no different than for other geriatric patients
[39]. But monitoring for cardiac, pulmonary and renal
function should be extended during the postoperative period.
Frailty monitoring and management should be part of
postoperative care.

Phenotype O
Phenotype O patient characteristics

These patients are obese (BMI >30) and can be morbidly
obese (BMI >40) [40]. Obesity is usually central and more
prevalent in American African women. Diabetes and altered
metabolism (glucose, lipids, etc.) are often present due to
liver dysfunction. Decreased renal function and high renin
levels are common in these patients. Sleep apnea is a
prominent feature often associated with PH or RV
dysfunction and COPD. Inflammation is another feature,
with increased arterial stiffness promoting cardiovascular
dysfunction. As in other HFpEF patients, hypertension, CAD,
and hypertrophy are present.
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Significant cardiovascular remodeling occurs in this
group.[40] Blood volume increases, leading to increased
cardiac loading and remodeling (chamber dilation and
hypertrophy). Increased filling pressure is another crucial
feature, positively related to body mass and blood volume in
obese patients with HFpEF. Heart volume (chamber volume,
wall thickness, and pericardial fat) increases pericardial
restraint and promotes interventricular independence. This
altered interventricular interaction includes distortion
(flattening) of the septum, higher right atrial
pressure/pulmonary capillary wedge pressure (PCWP) ratio
(i.e., equalization), and changed LV PCWP and pre-loading
coupling (i.e., higher PCWP at similar transmural LV filling
pressure), promoting LA-LV uncoupling.

Phenotype O anesthesia implications

Obstructive sleep apnea (OSA) significantly impacts the
cardiovascular system [41], which is already remodeled in
HFpEF. In fact, OSA is a risk factor for HFpEF due to its high
prevalence with obesity. Airway obstruction can decrease
intrathoracic pressure and increase LV transmural pressure,
promoting increased afterload. Simultaneously, the drop in
intrathoracic pressure increases venous return and RV filling,
shifting the septum and reducing LV filling and stroke
volume [42]. Increased heart volume and pericardial strain
magnify the septum shift. These patients tend to have
tachycardia and elevated pressure due to sympathetic
stimulation by hypoxia. Thus, they are at risk for cardiac
ischemia and dysfunction.

Chronic intermittent hypoxia in OSA can cause airway
inflammation, triggering or exacerbating asthma, limiting
airflow [43] and promoting lung injury [44]. OSA increases
the risk of COPD exacerbations and death (i.e., so-called
“overlap syndrome” [45]).

Phenotype O anesthesia management

OSA severity should be thoroughly evaluated to
determine OSA-related risks per published guidelines [46].
Preoperative treatment of severe OSA is desirable but not
mandatory. Difficult airway is always suspected in these
patients. Endotracheal intubation is preferable to deep
sedation without a secured airway, given the potential
ventilation obstruction and subsequent hemodynamic
consequences (increased afterload, septal shift towards left
impairing LV filling and cardiac output, cardiac arrhythmias).
Heart failure is always expected since additional factors
contribute to increased LV filling pressure in these patients
(i.e., volume dependence, pericardial restraint, ventricular
interaction, RV afterload). Therefore, invasive monitoring for
volume and cardiac function/hemodynamics should be
considered. Increased volume status and filling pressure
respond better to diuretics. Also, prompt inotropic circulatory
support should begin without delay, especially in moderate-
to-high-risk surgeries. Because of RV-PA uncoupling, using
pulmonary vasodilators is highly recommended. In intubated
patients, a lung protection strategy is desirable to prevent

Page 17 of 66



CASA Bulletin of Anesthesiology

further damage to lung tissue (including endothelium).

During the postoperative period, we should expect heart
failure exacerbations based on clinical manifestations, not on
plasma levels of NT-proBNP. Oxygen supplementation
should continue to avoid hypoxia. CPAP should begin if
indicated. Pain management, sedation, and reversal are
optimized to prevent hypoventilation. Continuous monitoring
is desirable during the postoperative period.

Phenotype P

Phenotype P patient characteristics

These patients are usually older (~80 years), and about 60%

are female. They have significant pulmonary hypertension
(i.e., PASP over 50 mmHg) [47]. Echocardiography shows
characteristics of markedly increased E/e’ ratio, LA volume,
and PCWP. PASP is higher in these patients at the same level
of PCWP compared to patients with hypertension, suggesting
that these patients have combined pre- and post-capillary PH
(i.e., cpc-PH [48]). These patients also have borderline or
mild HTN. The prevalence of CAD (53%), a-fib (31%),
diabetes (34%), COPD (~32%) and chronic renal
insufficiency (CRI) (50%) are similar to other HFpEF
patients.[47] This phenotype is often associated with obesity.

Phenotype P anesthesia implications

The degree of PASP predicts outcomes in HFpEF.[47]
Therefore, effective PASP management should produce
better perioperative outcomes in this phenotype group.
Pulmonary arterial capacitance (PAC), the ratio of stroke
volume (SV) over pulmonary pulse pressure (PP), is a robust
independent predictor of mortality in PH patients [49]. The
PAC-PVR relationship shifts downward and left when wedge
pressure is increased [50], as in HFpEF patients during
exercise [51]. Since pre-capillary components contribute to
PH, vascular therapies targeting the pulmonary artery and
volume control to reduce congestion may be considered.
However, caution must be exercised when attempting to
decrease pulmonary arterial resistance. This effort will
promote RV output, further overloading the left heart with
significant diastolic dysfunction and over-extended LA.
Therefore, testing whether the patient will tolerate pulmonary
vasodilation is crucial before implementing such therapy.

Pulmonary vascular remodeling not only affects
hemodynamics but also affects the lung’s efficiency for gas
exchange [52]. Diffusion capacity of the lungs (measured as
DLcoz) and alveolar-capillary membrane conductance (Dwm)
decrease in HFpEF patients compared to controls. Recruiting
vascular volume is limited during maximal exercise. These
changes restrict gas transfer and promote exercise intolerance
in these patients. Thus, during anesthesia, efforts to protect
the lungs should be made to avoid further damage to the
alveoli and maximize O delivery.
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The right heart undergoes compensation in hypertrophy
and chamber size during PH in HFpEF patients [53]. RV
diastolic dysfunction usually occurs before RV systolic
deterioration (dysfunction) [54]. RV failure is a significant
predictor of mortality in PH patients [55]. Therefore,
management of RV failure is a priority should it occur,
including inotropic support and correcting RV-PA uncoupling.

Phenotype P anesthesia management

The degree of PH should be recognized, and the
contribution of pre- and post-capillary components to PH
should be assessed. Patients with severe PH are expected to
be treated as outpatients before coming to surgery. We should
know the medicines used to treat and the patient’s response
to them. Treating severe PH during the immediate
perioperative period is desirable, if possible. The degree of
cardiac, especially RV remodeling, should also be evaluated
in terms of hypertrophy, chamber size, and function (systolic
and diastolic). Despite expected normal systolic function, the
remodeled heart in these patients is at higher risk of cardiac
ischemia and abnormal responses to drugs and volume.

Lung function should be assessed, given the decrease in
gas diffusion capacity. Lung function tests are recommended,
especially baseline function. Invasive arterial blood pressure
monitoring is needed before induction. Monitoring RV
function using TEE or PA pressure should be implemented
for moderate to high-risk surgeries. Volume restriction and
pulmonary vasodilators should be used if possible. Systolic
RV failure must be treated aggressively using inotropic
support. There are no specific therapies for RV diastolic
dysfunction and failure at present [54], but close monitoring
of these patients for signs is recommended, especially for
elderly patients at high risk of frailty. The aim of ventilation
is two-fold: (a) protecting the (already injured) lungs from
additional mechanical ventilation injury and (b) maximizing
O, delivery to compensate for decreased gas exchange
capacity. Protective lung ventilation with optimized FiO, is
desirable. Hypoventilation, hypoxia, and V/Q mismatch (in
case of one lung ventilation) must be avoided. These patients
should be extubated after surgery whenever possible. During
the postoperative period, if patients need intubation, the
duration should be as short as possible to prevent further lung
injury. Also, they should be closely monitored for worsening
PH and RV dysfunction. Postoperative admission to
monitored or ICU beds for high-risk patients or high-risk
surgeries may prevent complications and bad outcomes for
these patients.

Phenotype C
Phenotype C patient characteristics

This patient group has significant CAD or coronary
microvascular dysfunction (CMD) with normal EF [56].
Over 60% of HFpEF patients with CAD are male. CMD is a
reflection of inflammation-associated endothelium injury
seen in HFpEF [57]. Cardiac MRI often shows decreased
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myocardial perfusion, increased fibrosis, and increased
extracellular volume.[56] Of those with CAD, 50% had no
prior clinical CAD history. Over 60% of patients have CMD
regardless of CAD. HFpEF patients with CAD tend to have
higher LV filling pressures, and those with CMD tend to have
more atrial fibrillation. Most are NYHF Class III-IV.
Phenotype C anesthesia implications

CAD and CMD render patients prone to cardiac ischemia
and dysfunction, especially under stress. Since HFpEF
patients with CAD have a higher mortality risk than those
without CAD [58], perioperative morbidity and mortality
may be reduced with pre-surgical coronary angioplasty.
HFpEF patients with CMD are equally at risk for
perioperative cardiac complications due to decreased
coronary perfusion. The microvascular dysfunction is
endothelium-independent and caused by abnormal vascular
remodeling (rather than vascular dysfunction), extrinsic
compression, and microvascular rarefaction. Thus, coronary
vasodilator therapy may be less effective than controlling
volume and filling pressure to optimize coronary perfusion
(relieving extrinsic compression of the microvasculature).
CMRI shows evidence of myocardial infarction in some
patients without clinical history. The (clinically)
unrecognized MI is another risk factor for these patients’
cardiac dysfunction (failure). HFpEF patients with CAD have
a higher incidence of sudden (cardiac) death, with an odds
ratio of 3.36 (univariate analysis) and 2.22 (multivariate
analysis) [59].

Phenotype C anesthesia management

All HFpEF patients with CAD should also be suspected
of having CMD, given the high prevalence (i.e., >60%) [56].
They should also be suspected of having an infarcted
myocardium, even without clinical history. Thus, the
presence and degree of myocardial ischemia should be
carefully assessed (i.e., reviewing cardiac catheterization,
coronary vascular activity testing, and other imaging studies).
Although they have a maintained EF, the risk of cardiac
functional deterioration must be evaluated, considering the
structural remodeling of heart chambers, valvular functions,
hemodynamics, and (when possible) myocardial stress/strain.
Intraoperative management should focus on
monitoring/identifying cardiac ischemia and functional
deterioration and managing them promptly. Invasive
monitors are preferred in intermediate- and high-risk patients
or surgeries. Oxygen demand/supply balance is maintained
by multimodal approaches (anesthesia types, volume/fluid
management, vasoactive agents use, anesthetic agent use, and
pain management). Cardiac functional status can be readily
monitored by transesophageal echocardiography (TEE), with
heart failure treated promptly. One should also be on high
alert for the risk of sudden cardiac death and manage it
effectively when it occurs. These patients should be
monitored for cardiac ischemia and arrhythmias during the
postoperative period, and if needed, they should be admitted
for continuous monitoring for an extended period.
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Phenotype Y
Phenotype Y patient characteristics

These patients are usually 60-65 or younger, primarily
male, and obese. They have less severe heart failure
symptoms (i.e., < Il NYHA class) and low NT-proBNP levels
[14]. The prevalence of other comorbidities is low in this
group. For example, over 80% of these patients have normal
renal function (i.e., €GFR >30 ml/min). Less than 20% have
diabetes, COPD, and a-fib [60]. About 30% have ischemic
heart disease, and 32% have diastolic pressure >80 mmHg.
Cardiovascular remodeling is less severe: they have the least
concentric LVH and wall thickness, largest LV volume,
smallest LA volume, smallest E/¢’ ratio, lowest SVR, highest
arterial compliance, and lowest arterial stiffness among the
phenotypes.[14] However, these patients have similar filling
pressures and E/e” as their older counterparts if the levels of
NT-proBNP are similar [60]. In certain ethnic groups (Asian
Malay and Indian men), young HFpEF patients have similar
cardiac remodeling as older patients with similar symptom
burdens (but a lower comorbidity burden) [60].

Phenotype Y anesthesia implications

This group represents the healthiest “garden variety”
HFpEF patients. Because of this, one should consider the
possibility that these patients may have been misdiagnosed
with HFpEF. They are well compensated with few clinical
symptoms and comorbidities. About a quarter of them are
chronic smokers. In general, their clinical outcome is more
favorable than other phenotypes. Likewise, their
perioperative  risks for cardiovascular and other
complications are mainly determined by the risk of
procedures/surgeries. However, we should not overlook the
high prevalence of obesity in this group. Also, we should be
wary of potential cardiac complications due to cardiac
remodeling. Last but not least, certain ethnic groups, such as
Asian, Malay, and Indian young men, may have disease
burdens as substantial as older patients, and caution is
warranted when caring for them during the perioperative
period.

Phenotype Y anesthesia management

Because most of these patients are obese, the degree of
obstructive apnea and airway should be evaluated carefully.
We should also consider comorbidities in patients from
certain ethnic groups (Asian Malays, Asian Indians, and
African Americans) during preoperative assessment. COPD
should be sought, given the higher smoking prevalence in
these groups. In these patients, routine, standard monitoring
is sufficient for low- and some intermediate-risk
procedures/surgeries, with invasive monitoring reserved for
high-risk surgeries. If COPD is present, peripheral nerve
block or regional is preferred if indicated. Intraoperative
management is no different from managing other non-HFpEF
patients, such as being vigilant for hemodynamic
disturbances and treating them promptly. The surgeries
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dictate postoperative care regarding whether patients need
continuous close monitoring and intensive management.

Clinical Perspective

Given the recognized risk of perioperative complications
for patients with HFpEF, an effective management strategy is
needed to mitigate risk. The heterogeneous nature of HFpEF
prompted the idea of personalized therapy based on
phenotyping HFpEF patients [4,11]. Phenotyping has
successfully identified specific subgroups with distinct
clinical features, outcomes, and responses to therapies
[12,14].

Our attempt to phenotype HFpEF patients coming to the
operating room represents a needed first step to optimize the
perioperative care of these patients. Whether such an
approach will improve outcomes in HFpEF patients remains
to be seen. A parallel attempt is to analyze an existing
database using similar phenotyping to identify subgroups of
patients who underwent surgeries with associated outcomes.
Ultimately, an individualized approach based on phenotyping
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is needed for HFpEF patients to deliver safe, high-quality
care when they come for surgery.

Summary

HFpEF patients bring substantial risks to the operating
room. Perioperative care for these patients is challenging due
to the heterogeneous etiologies, clinical presentations,
therapy responses, and clinical outcomes. Phenotyping (or
sub-grouping) according to clinical features (and biomarkers)
has identified different groups of HFpEF patients with
distinct characteristics regarding disease presentation,
clinical behaviors, and clinical outcomes. For HFpEF
patients coming to surgical procedures, 5 (likely) phenotypes
are identified with considerations to issues pertinent to
anesthesia care: phenotypes A, O, P, C, and Y. Each
phenotype has its own perioperative issues. We highlight the
key issues relevant to anesthesia care and propose
management principles for each phenotype throughout the
perioperative period. Such an approach will address the
challenges for HFpEF patients and deliver high-quality, safe
perioperative care for these patients.
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Introduction

Climate change is potentially the most significant
long-term health threat of the twenty-first century, and
it has emerged as a top priority for clinicians and
healthcare leaders [1]. Inhaled anesthetics contribute
significantly to healthcare-related greenhouse gas
emissions [2]. The employment of low fresh gas flow
during the administration of inhaled agents, the
avoidance of desflurane and N20, and, when possible,
the use of total intravenous anesthesia (TIVA) have
been touted as strategies to reduce the carbon
footprint [3,4]. The data supporting these
recommendations are based on both theoretical and
small patient cohorts [5-7].

Since the first transcatheter aortic valve
replacement (TAVR) device was approved in 2011,
more than 276,000 patients in the United States have
undergone a TAVR procedure [8]. Different approaches
to anesthesia for TAVR include general anesthesia,
moderate to deep sedation, and even minimalist
sedation [9]. The growing enthusiasm for the use of
sedation over general anesthesia has focused on the
decreased use of pressor requirements and shorter
lengths of stay [10]. To date, there has not been an

environmental impact analysis of the different

approaches.

We aimed to quantify and compare the respective
carbon dioxide emissions (CO2e) for sedation with
TIVA and inhaled agents during the TAVR procedure. We
hypothesized that the overall carbon footprint of deep
sedation with TIVA would be lower than that of general

anesthesia with inhaled agents.

Materials and Methods

The study was reviewed by Tufts Medical Center
Institutional Review Board (# STUDY00003471). After
the approval, the anesthesia records of patients who
underwent the TAVR procedure between January 1,
2018 and March 31, 2022 were reviewed. The related
anesthesia records were downloaded from the Soarian
Electronic Medical Record System and exported into
Excel. The approach to anesthesia is determined by the
his/her

suitability for sedation. Patients felt to be at higher risk

anesthesiologist and determination of
of upper airway obstruction or who have alternative
access sites such as trans-carotid, subclavian or
transapical are provided general anesthesia. Patients
receiving inhalation agents had airways managed with

either an endotracheal tube or a laryngeal mask. It is
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the general practice at our institution to run patients
receiving inhaled agents at 0.5 +/- 0.1 minimum
alveolar concentration (MAC). The depth of sedation
with TIVA was titrated so that patients were not
responsive to painful stimuli. Patients who required
conversion to general anesthesia with an airway device
and inhaled anesthetics after starting with deep
sedation with TIVA were excluded from the analysis.
Each patient's age and gender, height and weight,

ASA class, anesthesia type, anesthesia start and stop

times, and airway management devices were collected.

The type and amount of intravenous medication used
during the anesthesia were obtained for each case. The
time series of medical air, oxygen, N20, and vaporizer
flow rates were extracted from the anesthesia records.

The carbon footprint for a case was determined by
(CO2e)

incorporating all the pharmaceutical agents used

calculating carbon dioxide equivalents

including both intravenous and inhalational

anesthetics as well as pressors, inotropes,
neuromuscular blocking agents and antibiotics etc.
The CO2e of intravenous medications during the
anesthesia was converted with the CO2e data for
anesthetic pharmaceuticals from Parvatker et al [11].
For the inhaled agents, the flow rate was captured at
15-minute intervals. The CO2e was calculated using
the anesthetic gases calculator provided by the
Association of Anesthetists based on the carrier gas
flow rate, the vaporizer setting (%), and the global
warming potential (GWP) of the inhalational
anesthetics [12].

The information of airway management devices
(oxygen mask, breathing circuit, laryngeal mask airway,
endotracheal tube, stylet, when used disposable
blades,

laryngoscope blades and handles) were collected from

plastic laryngoscope reusable metal
the electronical anesthesia records. Many of these
items have published carbon emissions equivalent
data based on life-cycle assessments. These included:
disposable plastic laryngeal mask airway [13],
disposable plastic laryngoscope blades, reusable

metal laryngoscope blades and handles [14]. For those

Vol.11 No.2, 2024

items without available emission data, we measured
the weight of the individual plastic items and converted
them into carbon emissions based on the CO2e
emission factors 3179 kg CO2e/ton with a 10%
modifier to reflect the small non-plastic portion [15].
These items included: disposable oxygen mask,
anesthetic breathing circuit including its associated
face mask, endotracheal tube, and stylet. According to
the manufacturer’s data (Drager, GE, USA), the
electricity consumed by the anesthesia machine while
ventilating a patient was 1.8 Amperes at 110 volts AC
current while the standby power consumption at 110
volts AC current was 1.6 Amperes [16]. The CO2e of
anesthesia machine electricity was estimated by the
local Energy Information Administration data [15]. The
CO2e from carbon dioxide absorbent used during the
general anesthesia with inhaled agents was also
included (0.13kg CO2e /h from Zhongetal[17]). We did
not include data for heating/ventilation/air
conditioning or any surgical equipment because the
comparison was in the same procedure in the same
operating room. A heated underbody water blanket
was used in each case of both groups to mitigate
hypothermia. In addition, vasoconstricting agents
typically
administered before induction to preemptively offset

(phenylephrine/  norepinephrine)  are
vasodilation and hypotension in the context of aortic
stenosis. This practice, in conjunction with the
warming blanket, likely offset the typical redistribution
of heat seen with peripheral vasodilation on induction.
There is a low likelihood for potential differences in
heat redistribution in GA with inhaled agents and deep
sedation with TIVA. The CO2e emissions were
summarized as total data for each case.
Statistics

An a priori power analysis based on the results of
McGain’s study [5] demonstrated that a total sample
size of 158 patients was needed for the statistical
analysis with 80% power and 0.05% alpha. The SPSS
Software (Version 27.0) was used for the statistical
analysis. Chi-squared test or Wilcoxon rank-sum test

was employed. All statistical analyses were performed
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using a two-sided t test, with P<0.05 representing a
statistically significant difference.

Results

We identified a total of 710 anesthesia records during
the specified period. Of these cases, 18 (2.54%)
anesthesia patients were converted from deep
sedation to general anesthesia and were excluded from
the analysis. 33 inhaled anesthesia records were
excluded because more than one volatile sevoflurane,
isoflurane, or desflurane was used. 55 records were
excluded due to incomplete data (Appendix A). Finally,
285 general anesthesia with inhaled agents records
and 319 deep sedation with TIVA records were
analyzed (Fig 1).

There were no significant differences in the patient’s
demographic characteristics, such as age, gender,
weight, height, and BMI. The percentage of ASA Class 3
in deep sedation with the TIVA group was higher than
that in the general anesthesia with inhaled agents
group (13.48% vs. 7.02%, P = 0.020, Table 1). The
anesthesia duration in the general anesthesia with
inhaled agents group was longer than that in the deep
sedation with TIVA group (242 mins vs. 179 mins, P <
0.001, Table 1). The median flow rate during the

Vol.11 No.2, 2024

maintenance phase of anesthesia with inhaled agents
was 2.25 with a range of 1.3 to 3.2 L/min.

There was no significant difference between the kg
CO2e per case generated by intravenous medications
between the two groups (1.082 vs. 1.071, P = 0.103,
Table 2). In the general anesthesia with inhaled
anesthesia group, the average CO2e emission from the
inhaled agents was 8.969 kg CO2e. The average kg
CO2e of airway management devices during general
anesthesia with inhaled agents was 2.6 per case. The
carbon footprint of electricity from the anesthesia
machine during general anesthesia was an average of
0.27 kg CO2e per case. In the deep sedation with TIVA
group, the median of CO2e from the inhaled agents
was 0.007 kg, from airway management devices was
0.25 kg, and from anesthesia machine electricity was
0.18 kg. In the analysis of total pharmaceuticals per
minute including both inhaled and intravenous
medications, patients receiving inhalation agents had
more than seven-fold higher CO2e emission per
minute than those receiving TIVA (0.040 vs. 0.006 kg
CO2e/min, P < 0.001). The patients who received
inhalation agents also had statistically higher total
CO2e per case (16.188 vs. 1.518 kg CO2e, P <0.001),

Identified anesthesia records for TAVR procedures

(n=710)

Records were excluded due to the conversation from sedation to inhaled anesthesia (n = 18),
and more than one volatile sevoflurane, isoflurane, or desflurane was administrated (n = 33).

General anesthesia with inhaled agents

Deep sedation with TIVA

GEEEY)

Records were excluded due to
incomplete data (n = 47)

Included records

(n=327)

Records were excluded due to
incomplete data (n = 8)

Included records

(n = 285)

(n=319)

Fig 1. Study flow diagram. TAVR, transcatheter aortic valve replacement; TIVA, total intravenous anesthesia
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Table 1
Patient Demographics Charactenistics
lems General Anesthesia With Inhaled Agents (n = 285) Deep Sedation With TIVA (n = 319) p Value
Medun (IQR) Range Median (IQR) Range
Age (y) 78(12) I18-99 R0(12) 5795 0.23%
Sex (male, %) 162 56.84% 180 S6.43% 0,935
Weight (kg) 79.70 (25.00) 39.92-146.96 80.00 (22.90) 12.50-136 36 0,946
Height (in) 65.7(6.7) 52.0-77.2 66.1(6.7) §79-83.0 0.081
BMI 2829 (83.84) 15.59-5791 2806 (6.75) 15.61-53.25 0744
ASA class 0.020
3 20 T02% 43 13.48%
| 262 91.93% 275 86.21%
5 3 1.05% 1 031%
Anesthesia duration (man) 2827 114-4% 179 (54) 101-395 < 0.001
Abbreviaions: ASA. Amencan Society of Anesthesiologsts; BML body mass index: TIVA, otal intravenous anesthesia
* Indicates that there is a significant statistical difference

primarily due to the inhaled agents and secondarily
due to airvay management devices (Table 2).
Intravenous medications contributed to on average
1.071 kg (71.02%) for the deep sedation with TIVA and
1.082 kg CO2e (8.05%) for the general anesthesia with
inhaled agents. For general anesthesia, inhaled agents
were the principal contributor to the total CO2e (8.969
kg CO2e,

contributed more greatly to the environmental impact

66.73%). Airway management devices

in patients receiving inhaled anesthetics [2.6 kg CO2e
(19.34%) vs. 0.25 kg CO2e (16.58%), P < 0.001]. The
electricity of the anesthesia machine contributed 0.27
kg CO2e (2.01%) of the total CO2e in the general
anesthesia with inhaled agents and 0.18 kg CO2e
(11.94%) of the total CO2e in the deep sedation with
TIVA (Table 2, Fig 2).

There were the masses and calculations of
pharmaceuticals used during both general anesthesia
with inhaled agents and deep sedation with TIVA,
which were categorized by anesthetics, cardiovascular
medications, antibiotics, and others. Patients in the
sedation arm received a median dose of propofol 219.5
mg per case with arange from 7.09 to 1429 mg per case.
Patients in the general anesthesia with inhaled agents
received a median dose of propofol 261 mg per case
with arange from 24 to 2028 mg per case (Supplement
Table 1).

Desflurane has the highest global warming potential
(GWP) at 2,540 within the inhaled anesthetics[18]. One
patient received desflurane only with 95.71 kg CO2e.

There were 21 patients receiving isoflurane only with a

median of 9.30 kg CO2e and 155 patients receiving
sevoflurane only with a median of 6.65 kg CO2e. Three
patients received N20 only with an average of 62.12 kg
CO2e. Compared with using the inhaled anesthetics
alone, the CO2e emissions from using a combination
of volatile anesthetics are more than 10-fold greater.
There were 10 patients receiving both N20 and
isoflurane, 95 patients receiving both N20 and
sevoflurane. The average of CO2e were 71.84 kg and
27.58 kg respectively (Table 3).

In addition to the pharmacologic contribution to
emissions, disposable items were included in our
analysis. These airway management devices were
calculated based on the material types and weights,
and previous life-circle assessments. Both patients in
general anesthesia with inhaled agents and deep
sedation with TIVA groups were given an oxygen mask.
Thirty-nine patients underwent general anesthesia with
inhaled agents had a laryngeal mask placed, while 246
patients were intubated. The laryngeal mask airway
has the highest carbon dioxide equivalent emissions
due to the weight and material (Table 4).

The emissions from a given case that used
inhalational agents was highly variable depending on
the specific agent or combination of inhalations agents
used (Table 3). A subgroup analysis of patients who
only received sevoflurane was performed. There were
no significant differences in the patient’s demographic
characteristics, such as age, gender, weight, height,
and BMI, between the deep sedation with the TIVA

group and the sevoflurane general anesthesia group.
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The percentage of ASA Class 3 in the deep sedation
with TIVA group was higher than that in the sevoflurane
general anesthesia group (13.48% vs. 5.81%, P =0.039,
Table 5). There was no significant difference between

the kg CO2e per case in intravenous medications

Table 2

Vol.11 No.2, 2024

between the two groups (1.083 vs 1.071, P = 0.050,
Table 5). The total pharmaceuticals per min (kg CO2e
per min) in sevoflurane anesthesia group was 4.5 times

of that in deep sedation with TIVA group (Table 5).

CO.¢ Between General Anesthesia With Inhaled Agents and With Deep Sedation per Case

fems General Anesthesia With Deep Sedation With TIVA p Value
Inhaled Agents (n = 285) (n=319)
Median (IQR) Range Median (IQR) Range
Intravenous medications (kg COze) 1.082(0.073) 0.026-5.643 LOT1(0.115) 0,041-2324 0,103
Inhaled agens (kg CO.e) 8969 (32.721) 0.227.455.161 0.007 (0.002) 0.004-0016 < 0,001
Total pharmaceuticals (kg CO4c) 10,005 (32.787) 1.341-455.897 1.079(0.115) 0,048-2.338 <0001
Total pharmaccuticals per min (kg COe/min) 0.040 (0.136) 0.006-1.546 0.0059 (0.0024) 0.0003.0,014 < 0,001
Airway management devices (kg COyx¢e) 2610.16) 26-1349 025 0.25-0.25 < 0.001
Anesthesia machine electncity (kg COe) 0.27 (0.078) 0.13-055 0.18 (0.054) 0.10-0.39 < 0.001
Carbon dioxide absorbent (kg COe) 0.52(0.152) 0.25-1.06 0 0
Total (kg COx) 16,188 (33.705) 4.742-459.625 1.518(0.278) 0.457-2944 «< 0.001
Abbreviations: CO.e, carbon dioxide emissions; TIVA, total imtravenous anesthesia,
* Indicates that there is a significant statistical difference.
100%
]|
90% -
80% the TAVR
70%
60%
50%
40%
30%
20%
10%
0%

General anesthesia with inhaled agents

® Intravenous medications (kg CO2e)
Airway management devices (kg CO2e)
Carbon dioxide absorbent (kg CO2e)

Deep sedation with TIVA
® Inhaled agents (kg CO2e)
» Anesthesia machine electricity (kg CO2e)

Iig 2. Categorizations of curbon dioxide ermssions: penerul anesthesia with inhaled agents and deep sedation with totad intravenous unesthesta. COse, carbon diox-

e emassions: TIVAL total intravenous anesthesia.
Discussion

Our results support our hypothesis that general
anesthesia with inhalational agents has a higher
carbon emission than deep sedation with TIVA during
the TAVR procedure. This study is a real-world dataset
to compare the carbon footprint of inhalational and
intravenous anesthetics in clinical supply utilization

rather than a modeling study. The findings reveal during

procedure that deep sedation with TIVA has a
significantly lower carbon footprint when compared to
general anesthesia with inhaled agents. The major
components of CO2e emissions in general anesthesia
with inhaled agents were inhaled agents themselves
and airway management devices (endotracheal tubes
and breathing circuits), while the main contributors to

CO2e emissions in deep sedation with TIVA were
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intravenous medications and airway management
devices (oxygen masks).

To date there are four publications investigating the
comparative environmental impact of different
pharmacological approaches anesthesia [5-7,18]. A
life cycle assessments involving a "cradle-to-grave"is a
methodology to measure the environmental impact of
a product during production until disposal [19].
Sherman et al. using a cradle-to-grave life cycle
assessment in 2012 compared four inhaled
anesthetics sevoflurane, isoflurane, desflurane, N20
and propofol. The analysis showed that desflurane had
the greatest CO2e effect as 15 times that of isoflurane
and 20 times that of sevoflurane. In contrast, propofol's
CO2e was comparatively quite small[18]. Allen et al. in
2021 employing a theoretical model involving a life
cycle assessment of propofol and remifentanil,
concluded that a propofol TIVA anesthesia produced
much less carbon emissions than a volatile-based
anesthetic [7]. An additional study by Narayanan et al.
investigated pediatric dosing using a mathematical
simulation model to compare the two anesthesia
approaches. Similarly, they demonstrated that TIVA
was less environmentally detrimental [6]. Finally,
McGain et al. prospectively compared the carbon
footprints of general and spinal anesthesia with TIVA
sedation with ten patients in each group. They found
that inhaled agents had greater carbon emissions than
that of spinal anesthesia with TIVA [5].

In our study, we analyzed 285 inhalational
anesthetics against 319 TIVA with deep sedation. We
considered the specific type and weight of each
intravenous medication and the flow rate of every

inhaled agent. We observed a substantial variation in

Table 3

Vol.11 No.2, 2024

carbon emissions within general anesthesia with
inhaled agents group. This range (4.742-459.625) could
be attributed to the choices of inhaled anesthetics and
flow rates used. This finding is consistent with
previously published findings on how variations in
anesthesia practices, particularly the selection of
gases with higher greenhouse warming potentials can
negatively impact a cases overall emissions [20].
Therefore, we performed the subset analysis of
patients receiving only sevoflurane which has the
lowest emissions of the inhaled agents. In this analysis,
we found that while the environmental impact of
sevoflurane in TAVR procedures was less than other
inhaled
remained many fold higher than deep sedation with
TIVA.

anesthetics, the environmental impact

This project is subject to several limitations. As a
single-center retrospective study, the specific results
of this analysis may not be generalizable to other TAVR
programs. As mentioned, there is a continuum of depth
of anesthesia that is provided for TAVR patients [9].
Clearly, if moderate sedation or a minimalist approach
to anesthesia had been used, the differences in the
environmental impact would have likely been more
pronounced. Given the real-world nature of this data,
fresh gas flow rates for patients receiving inhaled
agents varied in this retrospective study. Minimal flow
or “closed-loop” anesthesia is not routinely employed
in our institution, which has been advocated to reduce
carbon emissions [21]. The generalizability of our
results are dependent on fresh gas flow rates a
clinician chooses to employ. The goal of the study was
not just to compare the environmental impact of
in the TAVR

sedation versus general anesthesia

CO; Equavalent Emissions of Different Inhaled Anesthetics per Cuse i Inhalation Anesthesia
Inhalation Anesthesia IPCC GWP 100a N Inhaled Anesthetics Inhaled Apesthetics
(n=285) (kg COze) Medan Range

(kg COelcase) (kg COwe/case)
Desflurane 2540 1 95
N,O 310 62.12 42.16-100.20
Isoflurane 510 2\ 9.30 2531607
Sevoflurane 130 155 6.65 453876
N, O/isofturane JIN510 10 7184 12.83-130.84
N2O/Sevoflurane JIVI30 95 2758 10.80-44.37
Abbreviations: COye, carbon dioxide emussions: GWP, global warming potential; IPCC, Intergovernmental Pasel oa Climute Change
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Tablc 4

CO, Equivalent Emissions of Differemt Airway Management Devices

lem KgCOxeperltem N

Oxygen mask 0.25 285 + 319=604

Breathing circuit 1.94 285

Laryngeal mask airway 13 9

Endotrucheal tube and stylet 0.11 246

Reusable metal handle with low- 0.08 246
level dismfection

Disposable plastic blade (McGruh/ 0.38 88
Glidescope)

Reusable metal blade (Mac/Maller) 022 158
with stenlizing

Abbreviation: CO.e, carbon dioxide emissions

procedure per se but to study the environmental
impact of the different agents. To achieve that end, the
two groups ideally would have had identical depths of
anesthesia. We do not routinely use the bispectral
index to monitor the depth of sedation, so this kind of
data was not available to us. Inhalation agents as
mentioned in the methodology are typicallyrunat 0.5 +
0.1 MAC at our institution when providing general
anesthesia together with paralysis to avoid involuntary
movement. When deep sedation is used, we typically
titrate the depth of anesthesia to avoid coughing or
movement with painful stimulation when obtaining
large-bore vascular access and holding pressure after
removing sheaths. If absence of movement or
coughing cannot be obtained while maintaining a
patent airway despite employing maneuvers such as
jaw thrusts, oral airways, or high flow nasal cannulas at
greater than 50 liters/minute, patients are typically
converted to general anesthesia with an inhalation
agent. It is our clinical suspicion that the depth of
anesthesia between the two groups was rather similar,
although we cannot prove this in this retrospective
dataset. Importantly, even if the depth of anesthesia
used in the TIVA group were two-fold greater, this would
not make up for the seven-fold difference in emissions
observed between inhalational and intravenous
techniques. For this reason, we feel that our global
conclusions remain sound. Patients receiving
inhalational agents in our study also had longer
procedural durations which would obviously impact
the total emissions for each case. For this reason, we

included the analyses of total pharmaceuticals per min

Vol.11 No.2, 2024

(kg CO2e/min) that does not include non-reusable
items. After adjusting for differences in case duration in
this way, we found that inhaled agents still had a many
times higher emission rate than deep sedation with
TIVA.

The proportion of missing data in anesthesia records
was relatively higher in the general anesthesia with
inhaled agents group than in the deep sedation with
TIVA group (16% versus 3%). Because of the range of
environmental inhaled agents with much higher
greenhouse warming potentials than sevoflurane, this
missing data could have a result of underappreciation
of the global emissions produced by inhalational
agents in our study. In attempt to address this, we
studied the subgroup of sevoflurane only, we found
that the emission per minute was 4.5 times higher than
deep sedation with TIVA.

Finally, this study focuses on the comparative
carbon footprints of deep sedation with TIVA versus
general anesthesia with inhaled anesthesia during the
TAVR procedure. We chose TAVR because of the
internal consistence and a relatively high volume in our
institution in order to properly power the study. We did
not account for the wasted medication because we
would like to assess the medications that were
genuinely required for the anesthesia. We did not
attempt to measure the overall environmental impact
of the procedure itself. We ignored the contribution of
the energy used for fluoroscopy or lighting, heating,
ventilation, air-conditioning for the hybrid room and
importantly, biohazard waste disposal and emissions
associated with bioprosthetic aortic valve itself. In a
study of coronary artery bypass grafting the
environmental impact of anesthesia was comparably
small to the overwhelming volume of biohazardous
waste that required incineration [15]. We included
carbon dioxide absorbent for general anesthesia with
inhaled agents.

As climate change threatens our public health, it is
imperative for the healthcare sector to consider the
how we might “first do no harm.” We need to implement

environmentally sustainable practices while providing
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Table 5

CO,; Equivalent Emissions Belween Sevoflurune Inhalation Anesthessa and Intravenous Anesthessa per Case

Vol.11 No.2, 2024

lems Sevollurane Inhalution Anesthesis Inravenous Ancsthesis p Vulue
(n=155) (n=319)
Medun (I0R) Range Medun (IQR) Range
Age(y) 78(12) 3594 30¢12) 5795 0.087
Sex (male, %) 80 51.61% 180 56.42% 0,327
Weight (kg) S1.81(2681%) 3992.145. 59 50.00(22.90) 42 50-136.36 0.649
Hewge (in) 65.7(7.1) 520.77.2 66.11(6.7) 57.9-83.0 0.133
BMI 2842 (10.10y 15.59-57.91 28.06(6.75) 15.61-53.25 0.695
ASA class 0.0
3 Q9 SRI% 43 13.48%
4 145 93.55% 275 86.21%
5 1 0.64% 1 0.31%
Anesthesia duration (min) 241 (7 155406 179 (54) 101-395 < 0,001
Intravenous medications 1,083 (0.0726) 0026-5643 LO71(0.115) 0.041-2.324 0,050
(kg COx0)
Inhaled agents (kg COe) S.504 (4.470) 0.227-17.208 0.0072 (0.002) 0.004-0016 < 0.001
Total pharmaceuticals 6.725 (4431 1 341-18.344 10785 (0.115) 0.048-2 338 < 0.001
(kg CO¢)
Total pharmaceuticals per mm (kg COe/min) 0.027 (0.0165) 0.006-0.056 0.0059 10.0024) 0000300138 < 0,001
Alrway mansgement devices (kg COye) 26 26-1349 0.25 (.25-0.25 < 0.001
Anesthesia machine electneity (kg COse) 0.269 (0.0771) 0.173-0.454 0.177710.054) 0.100-0.392 < 0.00)
Carbon dioxide absorbent 0.522 (0.150) 0.336-0.8%0 0 0 —
(kg COx)
Total (kg COw) 10,955 (5.593) 4.742.29.09 1.518(0.278) 04572944 < 0,00

Abbreviations: ASA, Amenican Society of Anesthesiologists; BML body mass index; CO ¢, carbon dioxide emissions

* Indicates that there is a significant statistical difference

the best possible care for individuals. Our data
consistent with that of others suggests that we should
use intravenous agents rather than inhaled agents
when possible. Future research should prioritize the
development and deployment of sustainable
anesthetic solutions that provide patient safety and
comfort while minimizing their environmental impact.
This approach should encompass on not only the

anesthetic medications but also the larger issue of
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PerCO: 35 ~ 45 mmHg, CO, SR9RE N 2
L/min, EH< 6 mmHg, SI/F P«CO.Ft
5, REBRENMERITK, P«CO. 4+
£ 40 ~ 50 mmHg Z 8], BJLARFMmEIBM
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EHFFE 5w £, BTREMA, L™
BERAEAR, TUNERRIMAE. KE5/)
B, BIEEREBS 4R, BRERRAERST UM
FEA, BAUGRRA 4 cm=x3cm KN, %S
EARANER, MEREEARXSER. FARIR
F, RPEDAGEREFEIR, B 2 /)08 15

min, REETUERHR, BILHETESR
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SRR ZIR NICU, MEIRALREIR 47K 40
K/4y, K12 cmH.0, PEEP 2 cmH.0, %
FURE 40%, MNMEIBFIE 98 %, (K
145 3k/4>, MUJ% 65/32 mmHg. BILREE
ERZME X A RERIAE, BMpER
mEAL, WE 1.

1L BILFARBERBEERFERE. Ril: A BJILCT ERNERNRE B NN, B EIL
CTBRAUERZIEE 2 =BEMALNMEE, A5 CBILKREMA BRENBLAE, BABEZL

MEAL

—. T

SR M IR MR F RIS H £ ) LERIBIAR
MK, EAREERMIBIHLESHE: K’
KUME. SKREEMAE. SREMIbNERES
. EkEKNE, FETENEZRN
AHEMEREEY, KEIRILAREEIL, =B
Mg, KEDNG. BEEISMIBALEBIDA
MRz, EBEMSRAAK, BT
DARKFEAELE, BFEMEABAR, &
REZATSEREHIBES, BLAGE
JILURBEERE RS, B E AR M AL IERR
BEFARZILINF], I ABIE LA REFE TR
KL RBENT:

1 REjAES:

SR MR E) LRSI FIXT F AR A 52
hikZE, R ZHMFERBEIRINEEREL KK
EWMERFBOBES, ELEENARNR
MEBRORBERE T TRAKE" . &K
FERIN T 4a s, N FARTHE & o] B E R
KEMABRRAONEE, FETBEBED
R . MEBBREE, TUFESBA
EIRER, BENHENEE, MES
JLREREURN, R RRIRRAE L.
FEIIERFATHIREBEARA, FEEHE
RERETUmMEL, KEEJLEMRE,
ROFRREE, TTREMERFAZENEER
E24~26°C, FARLEMEIMNEE, #HF
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RIMBEERMPRERNRE. B, Nk
R TEITRENOER, FAETEHATT
AEBRBKALIEE, BREKEIR 22 BR &1 fo

b
2. FREES AL

KBIBILRBIE ARETERE TR
BBs, MRAFMEXEEINMES, &
MEAEBRNERE, THUEFBEESERENR
RFESIERE. BRNESE, SBUF
WHABR, #H—PFmHES, EiREM
B, RURERAZERHNMEK fXME
MOEREME, RXECHRE. RTE
ME R &S, THRERDAEMDEN
(SERMSER) RENDMREE. sk
SENEE (A5silk) BTENME. M
. pH EMEAMMASE. HEJLRERA
BE-tEE. RABH. PR
Y. REUTRERBNBENNBE, S
BUAEY K, RIMEEEMNMARE—IX
E NREEBRENA. AzfkLEE AT
BAT, EREARMAZTIHRREREURE,
BHRAREEMNERE,

RIS B B 3L ) LE R M BRI F AR IREES
EEBIELTEEY, —SUmSETSIRES
BRBR MAEFIFIR EBR P, Tytgat F TR
ZIM YRS CO. SME 12 5 mmHg A,
5 R SR MEBMEFR pH EATTL R
AN PaCO. FYIE N, oI @ IAEESE I FE
WIRE RN E, HEREEBRERSEHTE
o R BRSEERENSEES, R
FSEERETF 25~ 30 cmH:0, RERDS
RIE BB . an R IR E S BB AS IR M T
B, REMAESMERRTEE, RATHEL
£ 75K, BREATEEE, KRS
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EffmERAEMERNEREDR. KE
MIEFERERM, XURSBHENERE
hE, XX#HE—SENHMERSE. MEM
SIBMEELL.

FAREREF, FREFEIMFISMYE D2 B8 &
B, ABEVABEXEE, LHEEKIDA
A fz B9 BE RS IR 0 B AR A T 5 [ RE 4R & 1 LR =
NFEREN" SR MERRALH &) LT ] Bt
ElRREAR, TEMNERIMIESEME
RNE, SBURALEKMZAL, TheEkSER
DT REERZE, BhBMEBT T

X, BPTENEIERERESSEME
WAL . KON BRI RS RE N B4R 20
NEREE, B/vOER, AERREY KAE
NRAYFOAE, B AR SKAY T REMEARK,

MESEEEES, ETSFERNMEAEH
3 1F & OBt AR 2300 .
3 REEHE:

MEILERMBLIEEMABEAR, HEE
EZERNMARBREIRFK, FF
IR AL Bl [P YT —EREY (8], EIAR
REELE-MERHK. FEILEXAE
HBEER, DIREMRERAEREHTT
BRXH . BEFMERERILY UNZEE
MBS, FEPTHEREE. —EE&EST
FRLfiE R R SMR T SRR D Bl 26 25453
A Rl B 5 B AP AR N6

ZERTR, RAEEHEILINEERE T RIS
ARRERERS, SENATHE, M

. BENRHEETE, FHERFEG
RERMEEAFRENS, NEMREEIHNF
AREBAZ B/ REFEEE BT F AR FARINA
A5 AL o
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LR RE-SEEE
CASA IREEFMMHRBIR THFIWNEE

55%

KA EAE, RLEER

RAEE EXRILEER

REFEME, AHEILEER
ZINRBUIR, ENEE %4 Riley JLEER:

45F 3 B 31 SEERET, CASA ENW<<EEERRI>> BZFRERIILEERAKFIEE, EKX
IEERNKRE IR, TERIEEREETTE, NELY Riley JIEERNZ/N\RETEXRSZ)LE
EMSEEEA LS, B CASA WBREEFEMBERITER.

BEPMRJILEERINKF FEDZE T M5 Pierre Robin JLIEEBSEEEMNELK ., Pierre Robin £ZR A1
MR EME BT AN T HEE-SER-TREELEAE, KREH 1/8, 000-1/14,
000, HAEF—NMARERRTE, FAILBPAENTREE. BREESABLIBHGEKRIER. i)
REEENRSRETEERE, WNOREE=M4RESES, FEFTIEE, AKEBNTHEEN
HE, AMBATHENEMNEL, REXTHEEMBEAMNFTFNERENGRE, TSRERKEAR
B, BREZMUES R TEATEMRE, BLEMEGHKMESR IREEMER. KMESEREN
WL fEEI.

BRJLEERGHOEM+RBIL, B 23 4], L2174, HPEHHE 9 fIF~ILM 31 e L. Rk
AR RRIL . AEMA K. WREME{E. Cormack-Lehane DERGZEW L. HZEWNE 6
o MBILTRINEE, WA 10 812 BILEERIERMNA 47%, WHKRT 13 BT
ERYRE . N TTERDHEENSLEFREREERETE. AAMNEEEHBHIET ZMUVEE
Eitxl: WA e E o nNBILT MNAFRRFEEZNEE, REFSNTRAIMAERNTETNR
B, 103 120 B)LABERNARELRE, WSS UTERSIMAEGIFRIIFEB TR,
FHRERNEBSEINRE, R KT 13 PNBILHNESHELRNMRFEERGE, RIVERFIX
FRITURREURZREARA (ZREUSRERT), REEXTHBESERERS (CICV) MER
HI .

BRLEERKA T EESERIT LZEERMNMRIE. ARILEERNYPWS EEEE 257 HE
B CT AfBid = 4£FTENE R Pierre Robin JLERMSE, AXMSRENEMREERIKIGFREE
MNHEEEZR.
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{; PRS-3D3JED

SKFELEE], Pierre Robin BJLEMSEARITEENFEFER. BRIFEITELERIZH] ) E 69 FREF
ME. MAEEENRSEFAINEEHERMNEMET AR, AR[VEF LeLERE, TBEEHE
ML EEREE! BILRSRETEARMM AT IERERK.

ENEE %A Riley JLIEERMNF/NREFDZE T AT Pierre Robin BJLMTEEELL. IBAES
CMAC, TJ#lMz5%, LMA, MIRFEINHEEREE, MRATHIEM LMA, BHIE—TTEHA stylet,
AT5ISHEE. XERENTE NEEREESKEFUE, RAMMNNAEXEGRAEFXE, M
BREBRIIIMREMNEREMNREE, ANFSERRFTHIREIRE, MASBHIATRE
FHl, MRRVELERENE, LCABENANPAFEELEER, HMNNEEREESHIETTR,
FEARBETAESIFNESNRREFTHATERENEE, BEXNRREMNRXAIEDIT.

BERMWIILEERNGEMEIEDZ T MAIX Pierre Robin FMESEAILIE, ARNFEERILENRERE
RYEMIRFAR BTG, RANZKEERS, RUMBIEH IMA EA—PEE, REEFAZESH
TRERE. ERNFEXERERRAR, ANERINSELEEL MMsATHRE, MEE
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TRENE, BYNE. RRAETEENETHMNASRESESHRE B EMFRSEAL T KX /N R
HFR., MEMNENEBRFARTFTENEBEERFUANSRRL, FUNEFTEREBEFRT 6
IR BB IEIR DL o

ABEENIEERNRSFEEAZTHMNNER, BNEAROHEILNBEREMN, FITIEXEN
FA, WA IKRENARKRFEEFR, NS FERESAUFHRAIARER. 095HHREE RN
A [ER W2 3.0 WRESELEER HAHNRNIELNEESE, MNERELFNES
SVRER, MEHZREFENMRBEEERNTELISE, XY MERRABIREEFHFRAEN

A
= o

MBRENZ T EE L ERBNSEANEENERSENBNALTE X RN ZEERSEEICHNE
B, fthflIM 2012 FRRZEE 2016 &£ (WM T]) ZF LAR T HEEREBRXN—BXE, M1LMW,

M—TFTZH)EFRE[ENEE LRELE, ARSENREEBRES TRRAULMEERSHIAF A
fiE, =ik 20%, BEZEHIOCHBEREOHEAR KL, RIINEESEETEEHREERINLLEZ
46%, FHWISER 28%, TUNKEE 18%., F AN LZEERMAEIN I EEESESICHARER
FRRUEKEB%BR, MIEFNWREREZARIEERXRPRITRME T VT ER. JLEEAERES
EEICAMNRINAOMARERREREAERNER, 5% —H - TESHANMBALERL, RAESEES
EE BRI FIRE TIE 10%, MEREHREBFTAFENT 2.7 RES TIEN 2.2 X, R
FILEERKF EEDZMEIE 2+1 HYE. REMEASIENHFAERERILREER, REHEZ 19%,
AHER 20%, BRFEFAERAEXGHAEEF TR RENAEIE. MRIUEEDZ T AL
FHT )L E B & IE— Pierre Robin iR E2HEE .

S5MENEE. HR-BEABRIMPEXRNOATRNEIEF, FESHEREETR, EF—JLRRKE
EEARERNBOIEARINE, BT UA—NTERIINIENTTRET.
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Ask the Expert

PR R iR I E R R SR
ICREE: HER, FEIF, MR

CASA (Chinese American Society of Anesthesiology) IBEESELXS ICAA (International Chinese Academy
of Anesthesiology) FIfEIREZT 2024 £ 5 H 12 HRINETT T “Ask the experts: Obstetric Anesthesia"
Zoom & EiHYS.

CASA EEZFEEELEM ICAAEFECEEHFERTHHTR, BHINIERKERTEEBIEIIGHES
R EfEEH.

PRETEHUR

AT ERIRZE M IR ER R

FEED, BELESD

VHEERRE : FRMES M ERITRRGALa Ty

==

5B RS e B RIHUS

PR B S 2 305

IEEERLAES - B S R ET HOFRREE T

HEERRE . FPRIMESHE: AZE (Dexmedetomidine or Precedex) FIRZFR'

BER¥FERSSEN BT IHEMERAENBO ERMEREE, TERENET RO SERRE
TR, SUEREHMSSERENARERMERIRRRET 71918, #1777 SOAP AIREH. MR
AREFLEIR 2N 7L,

PR D%
- R E A BRI R TREL e :

1. EMESErBIREALN, HERNRNERERBASA. RIESLZ2EHERED,
IXnt, fg)LRE, BRPEF.

2. HEFRERERAAYRIIELE: 1) FEAIMY, 2) EREMEEER &Y 2 (preload or co-
load), H #TLL Co-load Ho4#R1E; 3) METEMLSYINAG; 4) B BMETIENRMEEPIMIN
REREBYLIRMRILERZE.

3. IATHERRENE AR EERNMER A (B 1) |

|. EEBFRT AR (ephedrine) BIFHE(ER, #ARIEAEIEFRIENSIE.
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. 2R, SEMNEISESIRERIRER (ephedrine) J
7 2008 FFA9—INtAR R, MRS IR
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TERI TS LIRE (phenylephrine ) ,

=097, 2)UBFI pH EREEISE
MBERITRY, ZEH—HFEiEsE
TX—R(E2) . BEXELLRETLUEM™
ARSHEONIE, NMAsEs RO EHE
Y, BEFXR, BA al Kbl fERINER
& _LiRZ=(Norepinephrine) 5 7T iZ IR,

»
2,

. BRRERERS _EIRZE(Norepinephrine)5
KB LIRENTFESIERKEERER, (B
BERE R EFREF ORI OHEH
2, F2ERRFMHOMEE. 253557
METEMZARIARERE, TR LERTRE
M, KRS ERRNENRE, FE
Rz, (Slide3, 4) ., EZHIXSHEHAVARE
e, EIERIALEERS EIREXFE0
F RSB SR E R AT 8EX R E
¥, BXE EIRETIR }%*Xﬁ?ﬂﬁﬂﬂu}fﬂ’ﬂ

TSN T BRI EA

HESI A NMEE AN, FEhtbE a3,

=, Ff]_SEaiHy,
Shara W. . Leo, B SN TS I M AN (DU SERCp A SO

Phenylephrine vs EphedrinelZ;

[ ociet tor Costetic Anewnesia ond Pennatoogr |

Both phenylephrine and ephedrine are effective in ting hypotention
during CS

Phenylephrine has less IONV

Phenylephrine produces less fetal acidemia
Phenylephrine is recommended as the first-line vasopressor for preventing

or treating spinal-induced hypotension during CS o
BERE, A5 HERR/ I

However as atE B AR >, B4R LOUMAE. Presulising

Norepinephrine vs Phenylephiine -

Randomized Double-blinded Comparison of
Norepinephrine and Phenylephrine for Maintenance
of Blood Pressure during Spinal Anesthesia for
Cesarean Delivery

EEAERR X MNEBAIEREE, Kiike manyBizi

Fetal and maternal outcomes @"

EJA

Er) 2024; 41:146-152

A comparison of me eﬂecl of phenylephrine
and

vuculll resistance durlng !M treatment

plﬂonts

Our results showed that when an equivalent dose of phenylephrine and
norepinephrine was used to treat spinal-induced hypotension in
preeclamptic patient during caesarean section, vascular resistance changes

4. METEMZSYIRITRFL R B R E R HF IR IER R NN AEYF (slides 5)
a3
Prophylactic vs Reactive treatridght /="
Ancsth Analg 2018;126:1989-94

Section Editor: ill M. Mhyre

Prophylactic Norepinephrine Infusion for Preventing
Hypotension During Spinal Anesthesia for Cesarean

Delivery

Warwick D. Ngan Kee MD, FANZCA FHKCA,* Shara W. Y. Lee, PhD,t Floria F. Ng, RN, BASc,* and
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5. HEfAZYRELE, HEEmELEIR

BRI E

4, SRIRETRAEERT. FERITH
SR R A 25 I 50 fre/oEh, =X

0.54 fFe/ AT/, BERS LIRETh
RINERS, FERFERISHIKGLHISEFIER

$/A,
15554 (slides 6, 7, 8) .

Norepinephrine Intermittent Intravenous Boluses to™

Prevent Hypotension During Spinal Anesthesia for
Cesarean Delivery: A Sequential Allocation
Dose-Finding Study

Desire N. Onwochei, MBBS BSc (Hons), FRCA,* Warwick D. Ngan Kee, MBChB, MD, FANZCA, FHKCA,t

Lillia Fung, MD, FRCPC,* Kristi Downey, MSc,* Xiang Y. Ye, MSc.$
and Jose C.A. Carvalho, MD PhD, FANZCA, FRCPC*

Anesthesia & Analiesi} 2017

potension in e 0'seems feasisa=nae N,
mmmestacDulrywesuueslanf iﬁl I

terms of efficacy and safety. (Anesth Analg 2017;XXX:00-00)

FRBH N AR

&R, TRBOAZAS

ic (2R, ﬂﬁmx@ﬂsmtﬂﬁ%ﬂ“‘ WS E/AB‘J/\G%REBSEE

g nhev mrk Is wananmd to elucvda(e
the comparative effects of intermittent IV bolus doses of phenylephrine and norepinephrine, in

874 6 35T, EOESELE 0.08 e/

Vol.11 No.2, 2024

Optimal dose---Phenylephrine &%

Sociaty for Obsiotric Anosthasia and Pornalology

oe: Cynihia A Wong

A Double-Blind, Placebo-Controlled TnalofFour leed Rate
InluslonRegmensof" dephrine for H y
SuppoﬂDuringSpinal hesia for C Delivery

A5 H
SAEZ. Bmens nvestigated, 25
uo/min and 80 uo/min were ;?Emr%m%n{ﬁ oreater maternal

METFEEFELIRS, BRAPERBMZSHIFIERTRE

Effect of I.V. Ondansetron on
o

KL 20%,
&R AMETHIE (MY Ondansetron, BT 5 2 &S AR ERFAHI O R M EHRE

METEHLYIFIERRD KA 26%.

'Phenylephrine dose requiremel

A Prospective, Randomized, Double-Blinded Study of the Effect of
Intravenous Ondansetron on the Effective Dose in 50% of Subjects
of Prophylactic Phenylephrine Infusions for Preventing Spinal
Anesthesia-Induced Hypotension During Cesarean Delivery

Eai Vian AAN *

_IL,U’EFE?E
HH, B

}i\iﬁﬁu‘“ﬂ il

FEIFHIT

-5 (Dexmedetomidine/Precedex) TEF=Fl4> MBS/ FFEEARAS(ER
EREI MR E =13 D iR R R AIER, (BREDIHER
RORMERLT 5 10-20%. EREIFHIZ R HARAVITR R —
., BEIINETSIHeAEESRHEREIERAIR,

1.

e WAL ATy Pl o h&"%'géﬁ R ﬁgkggﬂ\l'f
T ARG RO EFR Y FANSEZR S, V1208 AR
EXEEYBUEAS FLEA5

ZHZS,

V'nh_7h

OBSTETRIC
ANESTHESIA
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BT PareET, TERTEBENES, R

T clonidine, & Alpha2 SRGILEIRMELY, :":1:;“ Anteypertension Analgesi:::edahnn
Clonidine X 8 {2, IMREE=HEF/NET, 88 p——
IR, B RA T 3

C IO ni d in e, X{]‘HIL:I\) L%Z ulﬁ] EE‘Z /J \, E%E?L;& q_] FDA Approval for Epidural Use Yes, but vith "black box” for pregnant women
Pr ¥ ves
Mo WFIERE, SHALEREH. (e Py T e

3. GERFRHEENEREAREE] FOAE. BRIRIIGARIAFRERE, B3 off label F=RIN FRIZ
RLZeMEN. EENGHFIA2RET.

4. BEMIARDEEEMRBRZSRINATEIE, (MEHRD
BEZER (FImABFERNEE, SEBHRRIRA BREFHRERIRA
ANEHEFEAM AR PCA) WIIER NEM. BT ’
BIRI0 5 -10 4352, WERRSMNAIN 10-20 45,

5. BEMANSGIRREAIEE. IRRIINAZ:
a. EXRETEMESYLAT KMBISRIIEERE, EREEIMNEEIIRMA R SRR G fE
.
b. SERRY, ERREIRINIFEKASIRTERE, EBEILERNAXEEY, RlG

5. DJRERIMAZS 10-20 f35e, Bk
DEXMEDETOMIDINE USE

0.5 e/ EFHREFEEIR I NS A HF 4L IN OBSTETRIC ANESTHESIA
E)\O ICATIONS ROUTES AND DOSES

6. SELHEFT NTAMERTRENEE, TE (5 o5 o

e Bolus: 10-20 meg
Infusion: 0.5 meg/ml

ﬁﬁﬁﬁﬂgghﬁiiﬂuiﬁg%ﬁ‘*%ﬁ Hj}] D)\ 1 0'2 0 #&ﬁ | Epidural Conversion for Cesarean Epidural 10-20 mcg ‘
HAEMINERMR, RMAEAL 10-15% [—— e —
.

7. BEFLATAREN, TEKAL 1045k, —RoMETEESRE—X,

8. FERFNZ, TWEOEAYN, FBEMEMEFIAEIERK,

WiBIARE:

1. AEREFIERS DA RTLRSFERYE?
a) -BRIAVARRTAINER. InR EFHRES. BRIGKRERFIERDN, ARSI
1B ==, HEFEIRIFASEI~RIRERD. (F89F)
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b) -GEMNFEFBIKNOEBEINER. P, ROSEEREDBINMEE, SUtE
IBTARNERGE, BN EERNRMERIMABAMERNER MEA. (FRE)

2. BEXRELRR (RELRR) 2SHCOME, BPFE. & CO K BP ShaMiitE£aIX
RN BEE T Z R NBR S M £ ?
-FEREMRS CO TEEXIK, BSIMEREXARY]. BREENRFINENLRMTEE
NIE. 225 LRERIINEMERIENEMELEH, REHtE COMHE., FFRHE)

3. ERAEFRORTEEHAFRIBT %7
-IEARERGERIIFIERIE, BHEH 51055, ROSEFRAOERTRE. (FEF)

4. FoREDIRAILASEZRRIN Nabuphine 157
IR ERFE, F—EXHER. F_EEABNIRKRTNCIISTEZ 2. SZUNREARTE
HIFEFETR, BASFRFREGINAZY. RARSRNAYISERRMEIR, 23z
[ERYEEIRT T RENE. NTEMARGYMRINEE, SERMBTER (withdrawal

syndrome) , (ZF&F)

5. GEMFIRAIXRZWME?
-AENFRREREMN. TLRTREMNEEMSERANEERD (FEEE) . (F8F)

6. FOSHHELY, ASEEERMWIR TRSESIRTRORFEERIIE)?
-SRI R SRS ESER(FRIFEL 6 I\, BEASEISHRISFEAE. HINARE
T, 45T 250 fETRIIBEE, WATE 72 /NSARFEEAEMERS, XEAEFEAZIR. R
IBHFEHTER. SREBT 300 H5eht, ERENERARIEN, BHEEEFRSEN. (F8%¥)

7. IERRARERRSMNIXGLSS, (BRRERRAME, NfERbiE?
-ERERFEAY, NMATEIFE. SREEEEAME, MENZSYIRERBINENNER. (BEX)
-FERSMFEINGAZIN 5, BEfERSEEIRIMERY, HAREAERE, EHASL, (R

)
-5-10%R97703, SHRNEENE, FEEHEE. DWIRERMREAYERERIL. (P85
&)

8. MENEZIXFEWLEE FTen?
BN EYIZS IR, FTLUESHSE Alphatl ZARYZSY), BlRexFEFaaEE—En
{EF. MBS beta ZAIZH], SERTFEFBIKIDTIE. IGK LSRR beta ZAKEFIKARR
FERNDIBERE. LS LIRRSFEFERNTRER, MERSLREHFEKRKDAS. G
#;R)

9. i&iaXt DPE (Dual Puncture Epidural) B9&%?
-1) DPE RIFAVEARHETLEE. JBNERAL, TNERRTELEE. MANESRALH
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10.

11.

12.

BY, DPE B 25%%KMZR, HFBMBE, paravertebral B, 2) DPE AUEBRIERIFIAE, onset
time REFBEZDEDSBRNRME TS, XISEBIRAIARZEE, PCEA (Patient-controlled
epidural analgesia) AI248R+, PIEB ( programmed intermittent epidural bolus) SBRFHIE
R, BREAETRIMRT, SBIROHZSDSEZAMETE, SXMERIERLIEHER, BR
REZ. (FHFE)

-DPE XFEHEME, IBHEE, SE~ENEm02FAR, BRATEE. RUNEREMINZERR
%%, NoCSF,Nogo. (Mi%})

BER 12/ \EFEREEIREAE, NREEEENBAALE, HEIESH CSE

(combined spinal Epidural) E&7?

-HWESER 12 /\PRERIYT, 12/ \HEFHIAE, NEE:

L NSERBEMNEIEH. 2) AWM (tachyphylaxis) , RZSHIFREARIMEIEIARRE. &
BHINZAYIMZIHERIZ5¥2Z Lidocaine. Fentanyl B2~ EHRIEE. 3) BAUAIE. 3) =i
EE (CSE) 2¥EF BEMIEREFIEEIRENERBERE, HRRMEER. 4) mMEA
LAESIONEENEHE,  (Z=EF)

Il. EEEREE - IEEEIREM, MBS REENRIEMIERH RN, HWATRHERELER
ESENEIRAIER FAFIEEL, 20-40ml., SEFHEE. (FHFED

. ERLBAREFEARERNERRICL AT EES, FERINASYRIENS. (FRH
8)

V. EERUAEARTERE, MEEEEBEEME, 7. DPE SR, BERING
HROREMESREPER, (1REE)

FERME T ER S B RIRIA RN ?
MIANETERAEREEEES, MIEENE—NEERNSHERE. —ENEaETEES
REREIERE.

BN TR TR R B ? FEEEERENIERD?

1) ACO {EFRRERFET K, MEEEAUREMSLIToGERE, EFUUER. HKiIERZEN
REREEk, XHMEtSRIEENTG. PETEEESE, BRENTRE, FEBXITF, R
ZRIFE latent phase, IRIEAEIKM O WRERE. EHAIERT, FTLASKEX Morphine Sleep, BI45 55#
BXPAIB 25254 . ISHE 10mg B5fk+10mg ALAYIEST,

2) F—MEREIEORT, TMMRAKEICFENERN, FIIFEMEE O FFRIZRER,
LR D IRBREEFIKGE. FHIKEZ5RBERE latent phase, MI/EEFE active phase, 5[EES
SImR) LR, (FE89°F)

HFIIE:
BT EERSNERE 1) BRESREEGY. 2) BINRSHHTTND, SERERNS, 55
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MADE . 3) EL2-3FR, BHREMER, HEAIhXRES.

FEIF: AEEOEERIMERRZ FDA RAERT, FREIRARIMFIT, 33T off-label RIZOHIER,
BESEMERIEA no-harm., SERIFIEHZ.

EXEEL: 1) BRUEERIMBEEAE, PERAEERM. 2) DPE NFERHAHE. HHIERER, B
loss of resistance positive B, ARSHURET, BEARNKINZEENEM DPE, 3) ERINBINER
B, BEAFENAE, EEMRDIIEME BINNESSF 10-15 DHEARRIFSCNEF . HTAILE
BFE, RSB TRER, ASE—R—FFIE, (RIEEMRFEH.

T BERAMARE: 1) MEREERATR-ERET R TN, HENNESRAHE. 2) BA
fERIEEa R E-Tarlov Cyst SIRNERAEIEN, FEAEEM. 3) MRFERBHREMAINND K25
¥ (fentanyl or sufentanyl) , $EBRTREARIN IR, XITF Visceral Pain, JBEBMAZE
YA LA,

EXIEL: (T L2-L3 B5t, EEBDRARBSIERELLET L2, MIBEMmANES), ERANERAER

REE: 1) ERBIIRETAMFERESERE, L2-3 [AFHYE LT EL. 2) EEEKS M
RS, REEERINRIE, ILHBaRR—RR, HEEE, RAEIMEEINEDRRAE] 5-6mm, &
GIFR. 3) ESFHELMEREMALLAE 2mm IE5, HNZIRERITNARIEEN—LL, LIBRRIES S
AUMIFLEERANGRRE iz, LT A SEERD ZMHNGRNIR T IE, TEkn Y IENEEREIMEM
BRI,

4&"4. —~ \ﬂ_~“«4»“\ @ o

Page 50 of 66



CASA Bulletin of Anesthesiology Vol.11 No.2, 2024

John Zhong
(2023 CASA Photo Competition)

Xiging Cao
(2023 CASA Photo Competition)
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ASA News
RN 55

April 17,2024

Deeper Sedation with Propofol May Help Find Difficult-to-Detect Polyps
During Colonoscopy

In patients undergoing colonoscopy to screen for colorectal cancer, deeper
sedation using propofol may improve detection of "serrated" polyps — a type of
precancerous lesion that can be difficult to detect, reports a study in the Online
First edition of Anesthesiology (Quaye, et al. Association between Colonoscopy
Sedation Type and Polyp Detection: A Registry-based Cohort
Study. Anesthesiology. April 17, 2024.).

The study provides the first evidence that compared with moderate sedation or
“conscious sedation”, monitored anesthesia care with propofol might increase
detection of serrated polyps, which are harder to see during colonoscopy because
they are often flatter and blend into the folds of the colon tissue.

The analysis included detailed information on more than 54,000 completed
colonoscopies drawn from the New Hampshire Colonoscopy Registry between
2015 and 2020; The overall polyp detection rate was higher when colonoscopy
was performed using propofol: 34%, compared to 24.5% with moderate sedation.
The results were similar on analysis of another sample of about 19,000
colonoscopies: Propofol was associated with a clinically and statistically
significant 13% higher likelihood of serrated polyp detection.

It is thought that propofol might improve detection of serrated polyps due to
better patient comfort and relaxation and optimized smooth muscle relaxation in
colon. Further studies are needed to clarify the possible advantages, and the
potential to approach further optimizing the use of colonoscopy for early
detection and prevention of colorectal cancer.

March 29, 2024

Certified Anesthesiologist Assistants (CAAs) Authorized to Practice in
Washington State

SEATTLE - Washington state Gov. Jay Inslee signed into law Senate Bill 5184, which
authorizes certified anesthesiologist assistant (CAA) licensure in the state. The law, which
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is the first to introduce the role of CAAs to the Pacific Northwest, will be effective in
June 2024.

Today, Washington joins over 20 states that allow both types of nonphysician
anesthetists (nurse anesthetists and CAAs) to practice in the physician-led Anesthesia
Care Team. The Washington State Society of Anesthesiologists (WSSA) and the
American Society of Anesthesiologists (ASA) applaud this action, which will make CAA
services available to Washington patients. This Law aims to improve health care
workforce shortage in Washington State.

Page 53 of 66



CASA Bulletin of Anesthesiology Vol.11 No.2, 2024

CASA News
BRFELEE

+ Congratulations!

Congratulations to Dr. Jiapeng Huang for Jiapeng Huang e X
1%h - Q

It is an absolute honor to Chair this
exciting The American Society of
Anesthesiologists (ASA) Committee on
#Innovation with the BEST committee
members! It is a huge shoe to fill
following my mentor Dr. Ronald Pearl
who chaired this critical com... See more

becoming chair of the ASA Committee on

Innovation for the 2025 governance year

Dear Dr. Jiapeng Huang:

As the current ASA President-Elect, it gives me great pleasure
to invite you to serve as chair of the ASA Committee On
Innovation for the 2025 governance year. If you accept, this
one-year appointment will become effective at the close of the
second session of the House of Delegates on October 23, 2024
and conclude on October 15, 2025.

. f . . v Harvard Medical Faculty Physicians at Beth 4 follow
COI"Ig ratu|atlonS tO #HMFP S Yunplng Ll, MD, : Israel Deaconess Medical Center, Inc. »
2K followers

MSc, Director of Obstetric Anesthesia at

Congratulations to #HMFP's Yunping Li, MD, MSc, Director of Obstetric Anesthesia
at Beth Israel Deaconess Medical Center and Associate Professor of Anaesthesia at
Harvard Medical School, who was recently named the inaugural incumbent of the

Beth Israel Deaconess Medical Center and A N . i i bt et T 1 g it btitvd vl

as a clinician, educator, innovator and investigator in the care, safety and
optimization of the pregnant patient during her extraordinary career. In addition to

Associate Professor of Anaesthesia at hoscring D, xioh theendoed chak wi adnperer O L1 Ac advance Haracaderic
research and teaching pursuits. Read more: https://bit.ly/3PRt7Fw
Harvard Medical School, who was recently
named the inaugural incumbent of the
HMFP Nancy E. Oriol Chair in Obstetric

Anaesthesia.
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Congratulations to Dr. Renyu Liu

Congratulations to Drs. Renyu Liu (University of
C ’ Pennsylvania) and Anthony Rudd (Kings College,
( /Q Q = London) and Jing Zhao (Fudan University), three core
World Stroke members of World Stroke Organization Taskforce for
Organization Prehospital Care (WSOTPC) for their awarding
winning short documentary (My stroke Story: | want
to tell you my big mistake). The short documentary

Congratulations to e : o
N is nominated as a potential award winning film by
Drs. R, Llu' A, RUdd' the World Health Organization (WHO) 2024 Health

for All film festival from about 1000 submissions to

and j' Zhao for the festival. It described a true story of a young
Award-Win ning scientist, Dr. Lei Wang, who courageously tells his
stroke story and mistakes including ignoring his
Documentary high blood pressure, and failing to recognize the
Recognizing Stroke possibility of stroke immediately and call the
. emergency medical system phone number (911 in
RISkS the USA).

15 Apr 2024

My stroke Story: | want
to tell you my big
mistake

+ Meeting Information

SCA 2024 at Toronto
Dr. Jiapeng Huang

Heart/Lung/Liver Transplantation - Contemporary Considerations, Concerns, Cases
Moderators: Megan Chacon, MD and Jiapeng Huang, MD, PHD, FASA, FASE

P .
Have Efforts to Expand the Organ Donor Pool in Heart and Lung MJJ CA
Transplantation Been Safe and Successful - What Does the Evidence Say?

Kathirvel Subramaniam, MD, MPH, FASE

Organ Allocation and Wait List Management - Has Restructuring the Status of the Heart
Transplant Wait List Changed the Way We Manage Acute Heart Failure?
Siddarth Pahwa, MD

Intraoperative ECLS for Liver Transplantation - Expertise Beyond the Cardiac

Operating Room?
Chantal Mercier Laporte, MD, FRCPC, FASE
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SOAP International symposium was held on 05/01/2024

Advanced TEE Workshop 9:00 AM - 12:00 PM

Advanced Echo Modalities for Practical Use ECHO
Moderators: Adam A. Dalia, MD, MBA, FASE and Kelly Ural, MD

Stations:

Structural Heart
Laeben Lester, MD and G. Burkhard Mackensen, MD, PhD, FASE, FSCAI

3D Mitral
Stanton K. Shernan, MD, FAHA, FASE and Douglas C. Shook, MD, FASE

Vvt ymgrmean (D

N e b - Ve P
-

LT e e - Ve

B ) S0P ey § et v Pamany \t_

> e ]

C BN A it o oy b g B ) U Ay

S Aung t b ™
B L B e ™ Popmy i

-~
B R L T Pty O
AR L MBI LB as o —— - ey (Nt .

aemeae o
50 VORI putns g # Br o0 vars wmpwnn U | o B RV Quantification

———— Alina Nicoara, MD, FASE
PO MO Ve wey B T n Aamon W . . .
ST T coviy Aol b e Yo Cardiac Deformation/Strain

Nelson H. Burbano-Vera, MD and Kathrivel Subramaniam, MD, MPH, FASE

* M s &
3D Aortic Valve Assessment

pien bocsans I e Kiran Belani, MD, FASE, FACC and Jiapeng Huang, MD, PhD, FASA, FASE
R R ~Mi
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‘ Articles and book publishing

¥I{=FE: Non-scheduled short-acting opioid to taper off opioids?

CNS Neuroscience & Therapeutics / Volume 30, Issue 4/ 14705

EDITORIAL COMMENTARY = 3 Open Access | © ®
Non-scheduled short-acting opioid to taper off opioids?

Renyu Liu % Bonnie Milas, John Grothusen

First published: 07 April 2024
https://doi.org/10.1111/cns.14705

Huafeng Wei: Advancement of supraglottic jet oxygenation and ventilation technique

GUEST EDITORIAL

Advancement of supraglottic jet oxygenation and ventilation
technique

Wei, Huafeng

Author Information®©

Indian Journal of Anaesthesia 68(5):p 409-411, May 2024. | DOI: 10.4103/ija.ija_330_24 &

OPEN

Jeff Xu: Feasibility and Analgesic Efficacy of Thoracolumbar Dorsal Ramus Nerve
Block Using Multiorifice Pain Catheters for Scoliosis Surgery: A Prospective
Cohort Study

International Journal of Spine Surgery. Vol. 00, No. (0. 2024, pp. 1-7
https://doi.org/10.14444/8601
© International Society for the Advancement of Spine Surgery

Feasibility and Analgesic Efficacy of Thoracolumbar
Dorsal Ramus Nerve Block Using Multiorifice Pain
Catheters for Scoliosis Surgery: A Prospective
Cohort Study

TARA M. DOHERTY, DO'; AILAN ZHANG. MD. PuD'; ALLA SPIVAK, DO'; ELLEN KILEY., MPH?;
DAMON DELBELLO, MD’; APOLONIA E. ABRAMOWICZ, MD'; AND JEFF L. XU, MD'
'Department of Anesthesiology. Westchester Medical Center/New York Medical College, Valhalla, NY, USA; *Department of Public Health, New York Medical College
School of Health Sciences and Practice, Valhalla, NY. USA; "Department of Orthopedic Surgery, Westchester Medical Center/New York Medical College, Valhalla, NY
USA
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Jeffrey Huang:

36 Monitor @ May 2024

L g somitis Implementation of
aps/f Bl g Anesthesia Patient Safety Foundation Emergency Checklists:

Implementation of Emergency Checklists: Challenges and

Challenges and Experiences Experiences

Jeffrey Huang, MD, FASA  Alexander A. Hannenberg, MD

imperative for the wi
Forma team

Customize the tool
Piiot test the tool
Present the tool at meetings

Provide training on the
effective use of the tool

Offer retraining
Monitor too! usage

Expand tool usage beyond ORs where
anesthesia is administered

rience, as reported by Je
Husang, MD (APSF Neuslester

Table: Crisis Checklist implementation Tactics

i -
i
]

clinical practices. It is evident that mere

Jiapeng Huang Overview and Clinical Applications of Artificial Intelligence and Machine
Learning in Cardiac Anesthesiology

[ournal of
Cardiothoracic and Vascular Anesthesia

— | Search for...

REVIEW ARTICLE | ARTICLES IN PF

Overview and Clinical
Applications of Artificial
Intelligence and Machine
Learning in Cardiac

Anesthesiology

Michael Mathis, MD e Kirsten R. Steffner, MD »

Harikesh Subramanian, MD = ...

Karsten Bartels, MD, PhD, MBA =

Ashish K. Khanna, MD e

Jiapeng Huang, MD, PhD & e Show all authors
Published: February 15, 2024 =

DOI: https://doi.org/10.1053/).jvca.2024.02.004
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+ Congratulations|

To 2024 medical graduate matched to anesthesia program

Yu-Hsin Ting Matched to Beth Israel Deaconess Medical Center + MetroWest Medical Center (TY)

Harvard T.H. Chan School of Public Health 2024
School of Medicine, National Yang Ming Chiao Tung University 2023

Growing up in Taiwan, | had a chance to move to Boston when | was in middle school and
this experience has inspired me to pursue a career here in the U.S. | developed an interest in
anesthesia during my clinical rotations and found myself enjoying the team dynamic and
intellectually stimulating working environment.

Outside of medicine, music has been an intrinsic part of my life. | am also a big fan of all
kinds of water sports, including swimming and diving. When | am not working, | enjoy
cooking, running, hiking, and exploring the city. | greatly appreciate the warm and welcoming
CASA community and am grateful for the support and encouragement from our incredible
mentors. | am excited to share my inspiration and support with the CASA family and with
future members who come after us.

Yuli Lee Matched to Case Western Reserve University- MetroHealth
Shanghai Jiao Tong University School of Medicine, Class of 2017

| grew up in Taiwan, surrounded by mountains and the tranquil yet ever-changing sea. | love
to travel around exploring the world or take short trips to neighboring hiking trails.
Additionally, as a big foodie, simply going out with friends and uncovering hidden culinary
gems after a long day of work brightens my day. Not to mention sharing my never-ending list
of must-try restaurants!

| am deeply grateful for the support and guidance | received from CASA. This warm
community has helped me navigate the challenging yet rewarding path to matching into a
residency. It is also my heartfelt aspiration to pay forward this kindness and assist future
IMGs in their journey towards matching.

Yingian Kang Matched to University of lowa Hospitals and Clinics
Zhongshan School of Medicine, Sun Yat-Sen University, Class of 2021

Growing up in Guangzhou, | had the chance to explore my love for anesthesia during
residency training in China for nearly two years after graduation. The experience deepened
my passion for anesthesiology and the fulfilling lifestyle it offers.

Beyond the operating room, you'll find me hiking trails, hitting the gym, and experimenting in
the kitchen — “a chef in the making”! This year, | feel incredibly fortunate to have successfully
matched into the categorical track for anesthesia. Along the journey, I've been blessed with
incredible support and encouragement from mentors of CASA. Joining the CASA family, I'm
excited to pay it forward, fostering a culture of growth and camaraderie.
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ER, MD
Neurologist in Maryland
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BEE4R
JIIESTR

B & 5/6/2024

SRR, JRIE. tRFRNER, S/LF NEREERE, EHEWIME, IMEEEERMUEMEHEX
FRINNMEEFIAE., BEILF 125, KESH. SWARFRE, HiLitEr—x, TEEREL. it
ARPUEEE: “HokinA EARF, REGE=XZ, RESX! RESX . SRE—FHRKFTE, &
AEsS, BEARER.

IRIBEIMIE SIAAIES. W LERRIMMNAZ B ISRISELZM, LFEhElEH THRAAE
=R, KEHbEETIC T AF R EBE=XFRIEE. LMW AZ SIS REIEE, #EAA
eriETE. MARRLIMIABRE. %R, ILF5ER HERAREES, 8% NSktsia
RARE, SERENT, EWRAHBERIARMIZM. ) U/ L5 T LRI,

BIVERS, WP FREMEIEINNAMERT S BAOZRS, FoORREART, BERFEM], BAER,
REMFBES, FOREDE=, NS, BRI RIS, AATTFRIEL) LIk/V R hiE
x, IZMeONEEE, WEEE. EILFRRPERE, BRAER) L FRIXZARMAISERS.

BRI, BEXT—MESEEMBVNG T, BRPIIEAIIEE down size(BING, KEFHRINET) . TR
o, =R, ENEF, HMESSEE, ESRE. ZOmEH, MiNERED! XEEAT? FEICKE
XARBEFRIHSNSRE, FEFAEATARNSHXASARR, BER! ZFHEET, RTAXART
B, AEERNTE, RREZER—TEFZRE, HHAIIKKMA, BECHIESERE, LF MZRER
ATRFCEIR, MHRERIK, REZ, BT CERNFR, IVIVEIMEMEIE. SEREREMEY
B, R, RAMRT. ZAESENEES, RUSHRNREERI—ESZEETECHNER
ne,

RN ZAT, BE)LFRRNE, BRIAF) I FREEFR EBE=AFRE, LFRMRTFAE!
IR TRERRE, ARRMBME ! 8! XMESARBIMIFRE, BREHER, HFER

iR BEZAIVESHEEDRIER, BEUERZ), BVVIYNERER, SRUNLEHED! BAX
R=TREFNHCSEER!

RRRRS S CHUX IR R EN., MIEEMNEZAHINEE RABERSENES, REFECHS

iR, IEiEESZAHIED], BERIENEESIN, FENEESY. HHIFTEECHEESRETIE,

MEEHEER)LIRIEZE, XHMEHAAREK, YHATHLRERSEE. 2XEEE, BYRRENT
PRAYSEYF.

e W s i
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FTigAEZR (%5)
7. B 2 BT R REBRERK

1993 5, mMIMBFHRAN- FRE, ZEETHE ! —BRER ! 2%, LFEIH=E
MVEEARR, BDREENR . REFRINEM . 72 R EREREVE, #HAZ T
B, F2, BREEEXHS]. —%AE matched 2| fREEHIE T 1IRIELBIE T . —(ILER
%, B 3kM5{# Brigham and Women’s Hospital 3xBX, BAINEIRRIELT . FER, KETIWX
X7, EEARE!

AE, T’AZ, £ Fellow Ri&, Fellow A1, FKiBid T Board (TR ) ., XA, K
ARET ! BMEATRHE, XH Pain Management Fellowship | #FZ AHAZI T, MG
= Fr&EREEE: 1 NIH BRI RRE S 0. ZBNEE LRSS, RENE, EERH
28, TEMRTBEAFVIE, HYraE. EXBEERMRER. BB AE, BARR
EREXMREBMNFARAELNE, LABBFMREE. 2. B M KFEFFERER EEAHH
ISR ABIEHUT . TEIZIT PO T fE. Tenure Track ( BEM AL ESHE ) . BREEIRKR®T
i, ARFEXFTRKFIREFVE, BENWEL. BEARBERES | T EHEMEMN
N FRFREEHALET, BMREKE . 3. A LM IBMEM., —/Mi (K3 ) Elisiie
BE—IDREE, —OFEEREITRS. XEEHE. RE, WHTEERN, FE=1F/)
ROAZHESTEARE ! ITEFHRK, HBIMNEETE=!

BITETWERIRA S, KTWERRFW, FATHEFFEN, BIMEHRHRES !
BN BRBNEAARNERSERL T | AN TERILERSE . EFERT
Mk, 2. BMNZTRERBEZRITEXEAE, 205K KITE.

WSEKE, WEAMNHY (1994 F) EFLELE. RA, BANFTRFHFENR
ot RN ECEERFEE. BRI, RNANTERR (ZFMNEFBECHEFER
B) BZE2FRT. BIVINR—EFERRETHE @IEXTRERE (AAMNME) | @
FEE T EME, mEETANAT. SUTHRETRE. RERAFEFR. HRAE
NS, K HFX, RRXT@#FET, —Rbut, BREHE(RTK) | BREAEHX
MWAFRAERNEK G . BRERFRIEEBIRMRASRERZR . NSRBI ERIHIZRET
H, W CTFUREA, AUBEEM! BTN T A EFHNFER. RENEWHRIE. /L
Bia, ERMNFENHR: F—FERBRBRTFTA, BISKWEMEHR. —F/F,
MBFENFHEREAE, BXRIET. MEBACTLT. &R, 600 mATF—FEMER.
HERT, WAMZRRHED 5000 (EF) . HEESFHIXREMR: Lily MALNT
FRFHR (EKR) 2EREFNFEZ— TEEFMEUTE, BABEKE BR&EEZ
R, BRELEEE !

ERMERERIMZTHETZ LY, WEREFRFFE ! Bk “AWELVTER Bk,
HriBiE. RYZERIKRZE, BMNELA%E !
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g, BEANRBBELENZR: URRERHFAFERKIE . fft () EX%Em
TAEL, BREFLE . BRI !

HIRFRRABLIRT PhD NitlfRE. HESMERARE, HEIEXBH.

EIBEFESFBRMEERNAZIERR, RNAZFEEE, MR CRRtEEaC
FRINBHGR, NEREMBEMRRE .

1987 FASIGW, EPRFERMHXHR: BRMRECNER.

BYUMEFELEN, NRRERIET: | NBER RN & ERERIE, THEIGR. ¥
B, IRBEFBNMTFEE JLERW) . 2. X REKIE (EREH) |, BEASK
(BRAE) XENSRERMAHESRD, BRALS, 917, A, FKI5E Dr. DeAmandi,
SERERRERE, kT Private Practice, NHR, #7 —1MEANAHR. +EREEDHKE BB
(MGH) —i4TfE (asInstructor) . —iAEEMS (RIBFLE. FIRATE) - BFR, WEH
FEEFAZERMIE ( moonlighting ) Lk, RAME BRMNFEKRE (FRERERMS
H®AF, FZATH. EEEEXRZFING, FEEBRR, AFKIEX) . 4% HREE,
HEZF, EFFENFAK. EMGHENLER, fbEk—HAIBRFEZREREREIFFE
£. ZMRIE, HENBhEILTHZE,

Dr. Benjamin Covino B ZE 0] 18 537 | fthEe\l T Worcester Holy Cross College, 2=
Boston College TE—+, XEETIMAFEZPEE (BU medical School) 3412 PhD, FH*%
University of Buffalo 3k MD | Wi RBMRAMBRAXNOER. REE, MERE DR
FREERL, NEREITIEZ I ImRREE . 458 MERY. —Fe—5l, #E
Brigham and Women’s EEfE (MG BER) MREFR Y EEMBIX. M7t Boston I HMEE
Bt TE, Z0—E{E7E Shrewsbury, Mass. ( BB2—NAFE . EWAVINE, BRI B AIE LA TR
FBEFLt, gk UMass ([REARZEFERR) , RIS A=+REE, Covino Hi% 1991 F£HE
IVEEM ., RERBRSIW E, EFELEMILR,

AEEIN, HBHFEKFE SRS financial security FYIBYIRE ., 2003 Ff5, FHEHEEMH
2, FitR, SEPBIREREGBMNEFZRMERIOR, KR WkER, 285
BIgHEE T . TRk, BREREL, BUBMNE (REARELFTHNRET) . HBEZSEIHH
BRATHMZFERE RERKERSHAL . SEIREYIEMSHTEEIRERT. Tk
BREIRERBRZEIE, BERK —ENRPERBIHLBRZMRZR, BIETFH
K, CERBPEENFEREPER, WCEEBRERY ZRTEFRLEFEEARLY, WK
[ied= i i b s It e

BUER BARNEFEACELETET, ft (i) NFEEIE HITBRHENS
I, PINSRERBTERN, FZEFFRE, FNSRER TEHREHFEEER ... x
B, HF BRHER ...

ANFEE —PARNEEHIRZCENLC, FFNE. ARRRTIFZRX, THHK
BTWEBE BT YR, AhEREIRZATT, BERRENBE.......
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KR EER, BLEVRIFIAATERIFEDRE (WAMATERTHHEKRMN,
SloanHEFF LT, BRAFE, HABRARE, REBBERLFHBELEIESKFEORFA
. NEREZRGMR) . BYEN=ZFE, FH—F EBHEINRREZmMEH, RFEMIE
To

S

BER, RECHAELAAKEILE: ARE#B ( Cold Spring Harbor, National Lab ) E %2k
MRESW. BRETELEESKRBA, YWEBERKESE, FIAE 7 James Watson (3X
&) . MEERESVSHE— AR ILE L ADNA FNIEieEM ~ K EE N REFEE
¥, 1986 &, I TE Worcester Foundation ¥ E 25T 5RFr (bt — 'Ti%%%ﬂékﬂ“?f’iﬁﬂﬁ'l&*ﬁ
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SafeLM® Video Laryngeal Mask System

Videoscope and Disposable Video Laryngeal Mask

The SafelL M- A new era of
Supra-glottic airways

o Confirm perfect placement under visual
inspection every time

¢ Immediate detection of migration and
epiglottic obstruction

» Video Assisted Intubation on command

Evaluation & distributor requests
contact John.Mulcahy@magillmed.com

SAFELM™ VIDEO LARYNGEAL MASK SYSTEM

SafeLM makes insertion procedure of laryngeal mask become visualized,
guiding operator to insert LMA with accuracy and efficiency. It helps to
reduce stimulus to epiglottis, larynx, and other surrounding structures, and

prevent foreign body entering airway.
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