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A Few Words about Dexmedetomidine

Wei Dong Gao, MD, PhD.

Department of Anesthesiology
Johns Hopkins Medical Center, Baltimore

Dexmedetomidine (DEX) is a very selective o.-adrenergic receptor (a.-AR) agonist. In
comparison with clonidine, another selective a.-AR agonist, DEX is about 10 times more
selective towards a.-AR, is more potent, and has shorter distribution (5 min vs. >10 min) and
plasma half-life (2-2.5 hr vs. 9-12 hr) (https://en.wikipedia.org/wiki/Dexmedetomidine). DEX
was approved by the FDA for sedation and analgesia for intubated patients in the ICU for <24
hours in 1999. However, it was also frequently used for premedication as an adjunct for smooth
induction in general anesthesia for other procedures in the operating room. During 2008-2013,
DEX was approved for (light) sedation for procedures in non-intubated patients. Since the mid-
2000’s, when used as an adjunct during general anesthesia, DEX has been shown to maintain
hemodynamic stability, enable faster extubation, cause less neurological complications, reduce
pain medicine, and facilitate quicker recovery in PACU in various surgeries in small clinical
trials. Over the next 10 years, DEX continued to gain its popularity and was used in almost all
types of anesthesia for procedures/surgeries from cataract with sedation to open heart surgeries
with general anesthesia, in both pediatric and geriatric patients. The administration of DEX
varied from intravenous to nerve blocks, from intraperitoneal to intrathecal injections, from intra-
articular infiltration to intramuscular injection, and from nasal inhalation to nebulization.
Through many clinical studies and trials, DEX is well accepted as a sedative and a non-opioid
analgesic with sympathetic suppressing (thus maintaining hemodynamic stability via controlling
blood pressure and heart rate) and respiration maintaining properties. Thus, at present, DEX has
been used by anesthesiologists all over the world. As DEX’s popularity grows, controversies on
its clinical effects arise, especially when better-designed, well-conducted, and large scaled
clinical trials are being conducted and published. The following is a brief account on these
issues.

1. DEX in opioid-sparing and opioid-free anesthesia

Because of its analgesic action, DEX has been employed as an adjunctive agent to reduce
opioid use during anesthesia (i.e. opioid-lowering/sparing anesthesia) and postoperative
period. Clinical studies (including meta-analysis studies) have shown that intraoperative use
(mostly continuous infusion) of DEX was associated with decreased intraoperative consumption
of opioid in neurologic, spine, pediatric, laparoscopic, open gynecology surgeries, etc.* In
addition, intraoperative use of DEX has also been shown to reduce opioid consumption in the
postoperative period.* A recent meta-analysis of 21 randomized trials of intraoperative infusion
of DEX showed decreased pain scores during the postop period (i.e. at 2-, 12-, and 24-hr postop)
as compared to remifentanil infusion, with less hypotension, shivering and PONV and no
differences in heart rate.” From these and many other clinical studies, it is clear that
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intraoperative us of DEX can reduced (or avoid) opioid during the intra- and post-operative
periods (i.e. DEX is effective in opioid lowering/sparing). However, whether this would translate
into better outcome is not clear, especially in light of a recent review study in which about
14,000 patients received intraoperative DEX infusion during open heart surgeries.® Although
they had a lower pain score at discharge, these patients has higher pain score and increased
intubation/re-intubation risk at postop.

The role of DEX in opioid-free anesthesia is controversial. Earlier studies showed that
intraoperative infusion of DEX was better than remifentanil in pain control with less
hypotension, PONV and shivering,” but the evidence supporting this claim is moderate since
there was large heterogeneity in the maintenance of anesthesia in these patients (i.e. inhalational
vs. TIVA). Therefore, there is reluctance (even resistance) to accept that DEX-dependent,
opioid-free anesthesia is better. Recently, a French randomized clinical trial compared DEX
infusion (opioid-free anesthesia) and remifentanil infusion when anesthesia was maintained by
the same regime (infusions of propofol, ketamine, and lidocaine plus inhalational agents and
muscle relaxation) involving 314 patient undergoing major/intermediate risk, non-cardiac
surgeries.c The authors concluded that DEX-dependent, opioid-free anesthesia resulted in great
incidence of serious events (hypoxia and bradycardia), delayed extubation, and longer PACU
stay. They did find less postop opioid consumption and nausea/vomiting in DEX group. But
importantly, the study stopped prematurely due to severe bradycardia reported in several cases in
the DEX group. Also, a recent trial in 152 patients for gynecological laparoscopy, DEX-
dependent opioid-free anesthesia did not decrease PONV, pain, and opioid consumption.*® These
recent studies indicate that DEX-dependent opioid-free anesthesia may not be safe. In fact, the
practice of “opioid-free” anesthesia is currently under scrutiny.** “Opioid-free” is not
“complication-free” and may, in fact, be harmful. Multimodal anesthesia complicates routine
practice and has not been proven to be effective to reduce opioid use and related complications in
the postoperative period and beyond.*? Still, the most effective agent for pain is an opioid in most
moderate-severe pain situations.

2. DEX and postoperative delirium and cognitive disorder.

The earlier attempt to address the role of DEX in preventing postop delirium was carried out
in patients undergoing for open heart surgeries, in which the sedatives were started in the OR
after coming off CPB and continued in ICU for 10-13 hours.* This small sample trial (30
patients each in DEX, propofol, midazolam groups, respectively) showed that only 3%
developed delirium in DEX group, as opposed to 50% in the other two groups. Another study
showed that prophylactic DEX in the ICU decreased incidence of delirium during the first 7 days
postop in patients of 65 years old after non-cardiac surgery.** A meta-analysis of 18 clinical trials
(total 3309 patients) showed that postoperative DEX reduced incidence of delirium without
impacting other outcomes (i.e. in hospital mortality, ICU and hospital length of stay, bradycardia
and hypotension.*s But these studies were heterogeneous in timing and dosing of DEX
administration, assessment of delirium, patients’ age, and lack of power for other outcome
measures. More recent studies attempted to control these factors. One study showed that DEX
(bolus 1mcg/kg followed by infusion 0.2.-0.7mcg/kg/h during the intraop) decreased delirium at
24h postop as compared to bolus only and saline groups.*¢ Other study showed that
intraoperative infusion of DEX (0.5 mcg/kg/h) did not reduce incidence of delirium in patients of
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>68 years during the first 5 days postop and postoperative cognitive dysfunction (POCD) at 3
and 6 months. Another more recent clinical trial (30 patients in each group) showed there were
no differences in the incidences of delirium (at 48 hours postop) and ICU/hospital length of stay
between DEX (bolus after chest closure and infusion in ICU up to 6 hours) and propofol
(infusion at chest closure and continued in ICU up to 6 hours).'” A recent meta-analysis of
clinical trials showed that postop DEX did not reduce hospital length of stay and improve
outcome after open heart surgery.'® At present, evidence supporting DEX’s role in reducing
postop delirium outweighs evidence against it, but no clear conclusion about longer term POCD.
Importantly, no definitive studies on its (beneficial) impact on clinical outcome/mortality, which
matters the most. This is a bit surprise given that postop delirium negatively affects postop
outcome.*®

3. Perspective

DEX will still be used widely in the practice of anesthesia given its unique action of sedation,
analgesia, stress-relieving, and non-respiratory suppressing. However, one should be cautioned
about the controversies on its role in opioid-sparing and opioid-free anesthesia. Clearly, DEX
could spare / reduce opioid use in a perioperative setting, but we must wait to see if this will
translate into better clinical outcomes. More recent evidence suggests opioid-free anesthesia
maybe harmful and whether DEX is likely the “culprit” is too early to tell. We will certainly
remain vigilant on in-coming clinical evidence.

Overwhelming evidence supports DEX’s role in reducing postop delirium in both cardiac and
non-cardiac surgeries, particularly when it is administrated during the postop period. There are a
few unsettled issues regarding its timing and doses, patient’s condition (age, comorbidities), and
importantly, its impact on clinical outcomes. Recent two clinical outcome studies in
mechanically ventilated patients in ICU showed none superiority for DEX in mortality (at 90
days) and cognitive decline (6 months) as compare with other agents, ?-2* with one even showing
more bradycardia and hypotension in DEX group.? It must be point out, however, that these are
critically ill, non-surgical patients with severe comorbidities including sepsis (who may be
different from surgical patients). We expect more research on DEX’s clinical effect in the future,
given its action on improving body immune system, reducing inflammation, and decreasing
stress.?

Based on the clinical evidence, we expect continued incorporation of DEX into enhanced
recovery after surgery (ERAS) protocols in major cardiac and non-cardiac surgeries, in
outpatient/remote surgeries/procedures, and in ICU. But the use of DEX will be under much
more vigilance and scrutiny than before, especially in critically ill patients in the ICU. Moreover,
we must be aware that the beneficial effects of DEX could be outweighed by harm in some
patients and under certain situations.
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A Single Syringe Multimodal Non-Opioid 6-2-2 Sedation Method

Zhuang T. Fang, MD, MSPH, FASA, Clinical Professor
David Geffen School of Medicine at UCLA, Department of Anesthesiology and
Perioperative Medicine

Monitored anesthesia care (MAC) is broadly used in patients who undergo surgical and
diagnostic procedures . However, there is no standardized method of MAC. The ASA closed
claims study in 2006 showed, when MAC associated complications occurred, the percentage of
permanent brain injury and death was the same as that for general anesthesia, which is about
40% 2. Over sedation has been identified as a major cause of perioperative patient morbidity and
mortality with MAC.

With their powerful analgesic effects, opioids have been used as an important part of the
balanced anesthesia technique in treating perioperative pain during GA and MAC for many
decades. However, the ongoing opioid crisis in the United States has been worsened by the
concurrent Covid-19 pandemic leading to a steady increase in drug overdoses and more than
100,000 deaths in 20213, The economic consequences are enormous with an estimated $80
billion spent yearly in healthcare and treatment, lost productivity, and legal judicial costs 4
anesthesia providers have been under tremendous pressure to reduce perioperative opioid use, as
research shows 6% of patients will become chronic opioid users after minor or major surgical
procedures.

In the past decade, opioid-sparing and opioid-free anesthesia techniques have been the main
strategy and research focus for anesthesia providers battling the opioid epidemic; however, most
of the studies focused on general anesthetics (GA) and not on MAC. Unlike GA, in which
inhalational agents are an option to provide unconsciousness, immobility, and amnesia, MAC for
surgical procedures relies on intravenous agents to provide analgesia, anxiolysis, and desired
surgical conditions.

Propofol is the most common anesthetics for MAC in diagnostic procedures, but it is
inadequate for surgical procedures because of its lack of analgesia. Dexmedetomidine has been
studied extensively in the last two decades, however, its single use in surgical sedation has been
limited due to its weak analgesic effect, inadequate sedation, and high incidence of bradycardia
and hypotension #. Multimodal, or balanced anesthesia, with a combination of propofol,
ketamine, dexmedetomidine, or benzodiazepines is a scientifically logical approach for MAC
with superior analgesic and sedative effects compared to the use of single agents > . Induction is
the most challenging phase of MAC, especially in procedures requiring blocks performed before
skin preparation and sterilization. However, during induction, it is cumbersome to administer
each drug separately, difficult to determine the dose and time interval of administration, and
arduous to measure the efficacy and quality of sedation.

In the last 19 years, the single syringe multimodal opioid-based A6-2-2 (alfentanil) and other
mixtures (fentanyl, combined alfentanil and fentanyl, etc.) have been routinely used in our
institute to provide quality MAC for patients undergoing ophthalmic surgery, comfortably and
safely "8. In the last several years, we also developed a non-opioid KE6-2-2 mixture °, which
contains 6 portions of 10 mg/ml propofol, 2 portions of 10 mg/ml ketamine, and 2 portions of 2
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mg/ml etomidate. | am reporting the efficacy of analgesia and sedation, and safety profile with
this single syringe multimodal non-opioid KE6-2-2 mixture, focusing on the induction of MAC
for ocular blocks.

Preparation of the KE6-2-2 Mixture (Table 1)

The anesthetic KE6-2-2 mixture contained 6 ml of 10 mg/ml propofol, 2 ml of 10 mg/ml
ketamine, and 2 ml of 2 mg/ml etomidate, in a volume of 10 ml with a ratio of 6-2-2. The volume
was increased to 20 ml or 40 ml depending on surgery length and the patient’s need for sedation.
The total dose of ketamine was limited to 100 mg and etomidate was limited to 20 mg.

For comparison, | also include the combination of the A6-2-2 mixture which contains 6 ml of
10 mg/ml propofol, 2 ml of 0.5 mg/ml alfentanil, and 2 ml of 10 mg/ml lidocaine. The total dose
of alfentanil was limited to 2 mg.

Table 1. Mixture compositions, bolus dose calculation, and administration

6-2-2 mixtures Component criginal Amount of component in mixture Concentration in 10 mL

concentraticn mixture

KE6-2-2 mixture

Propofel 10 mg/mL 6 mL 6 mg/mL

Ketamine 10 mg/mL 2 mL 2 mg/mlL

Etomidate 2 mg/mL 2 mL 0.4 mg/mL

A6-2-2 mixture

Propofel 10 mg/mL & mL 6 mg/mlL

Alfentanif 0.5mg/mL 2 mL 0.1 mg/mL

Lidocaing, 1% 10 mg/mL 2mL 2 mg/mlL

Standardized holus dose Age<dOvyears: 1.2mL/10kgx ABW or AWFD
Age 41-60 years: 1.LO0mL/10 kg x ABW or AWFD

calculation
(for both KE6-2-2 and AG-2- Age61-70 years: 0.8 mL/ 10 kg x ABW or AWFD

. Age71-84 years: 0.6 mL/ 10 kg x ABW or AWFD
2 mixtures) Age>B5years: 0.5 mL/10 kgx ABW or AWFD
Dosing weight If a patient’s BMI <25.0 kg/m? the bolus dose of the mixture(s) is calculated basad age and Actual Body Weight (ABW).
determination If a patient’s BMI exceed 25.0 kg/m?, the bolus dose is calculated based age and Adjusted Weight for Dosing [AWFD};
(for bolus dose calculation) using the following calculation with deal Body Weight (IBW): AWFD = IBW + 0.3 (ABW - IBW)
Method of bolus dose 1.The bolus dose of both mixtures can be administered intravenously by hand push or infusion pump over several
administration seconds,

2. For KE6-2-2 mixture, an additional 10 mgof ketamine (1 ml) is given immediately after the bolus dose (for blocks).

3. When patients reach 0OAA/S Scale score 3 {responds only after name is called loudly, slurring in speech, marked facial
relaxation, and eye glazed and marked ptosis), they are ready for the ocular blocks.

4, After completion of the ocular blocks, verbally stimulate patients to breathe and prevent oxygen desaturation.

Abbreviations: B, bady mass index; AWFD, adjusted weight for dosing; OAA/S, Observer’s Assessment of Alertness/Sedation Scale

Calculation and Administration of the 6-2-2 Mixture Bolus Dose (Table 1)

The bolus dose for either KE6-2-2 or A6-2-2 mixtures was calculated based on the patient's
age and actual body weight (ABW) if BMI <25 kg/m2 or Adjusted Weight for Dosing (AWFD)
for BMI > 25 kg/m2. Age criteria was as follows: for patients < 40 yrs., 1.2 ml/10 kg; 41-60 yrs.,
1 mL/10 kg; 61-70 yrs., 0.8 mL/10 kg; 71 -84 yrs. 0.6 mL/10 kg; >85 yrs. 0.5 mL/10 kg. The
AWFD was calculated using the formula: AWFD = IBW + 30% (Actual weight - IBW) 7, where
IBW was ideal body weight. Calculation of the bolus dose was applied to both non-opioid KE6-
2-2 or opioid-based A6-2-2 mixtures. The bolus dose was administered by hand push or infusion
pump over several seconds.
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Patients in group 1 received a single bolus dose without additional supplementation, and
patients in group 2 received a bolus dose, immediately followed by an additional 10 mg of
ketamine. Patients in group 3 received a bolus dose of A6-2-2 mixture. All patients received
supplemental O2 via nasal cannula.

Maintenance of Intraoperative Sedation

Following the initial bolus dose, patients were monitored closely for ventilation,
oxygenation, blood pressure and heart rate. When patients regained consciousness, continuous
sedation was given by intravenous infusion of the KE6-2-2 mixture at a rate of 12 ml/hr (1 ml/5
min) to 24 ml/hr (2 ml/5 min) to achieve a moderate level (OAA/S= 3) of sedation and ensure
patient comfort, while maintaining the ability to follow commands and remain
motionless. Alternatively, sedation was maintained with a propofol infusion targeting a moderate
level of sedation.

After surgery, all patients entered phase Il recovery and were prepared for discharge in the
PACU.

Patient Readiness for Ocular Blocks and Quality Sedation Measurement (Table 2)

Table 2. Patient sedation outcomes

Group 1 Group 2 Group 3 P-values P-values
Induction outcomes KEG-2-2 wo K10 KEG-2-2 w K10 AB-2-2w Group 1 Group 2
n=101 n=107 n=104 vs 2 vs 3
Time to readiness for blocks,! seconds 42.8(12.8) 36.4(14.8) 51.0 {19.6) <0.001 <0.001
Starting MAP, mmilg 96.6 (12.5) 95.0 (11.3) 95.9(12.7) | 0.647 0.979
After Bolus MAP; mmbig 96.1(13.0) 95 6 (10.3) 89.6 (11.7) | 0.599 | <0.001
Chonge in MAP 0.4(9.4) 6(9.5) 6.6 (9.6) 0.929 | <0.001
Starting HR, BPM 68.7(9.2) 72 3(11.1) 68.6 (10.8) | 0.036 0.031
After Bofus HR, BPM 69.3 (10.3) 74.0 (12.0) 65.4(10.6) | 0013 | =0.001
Chonge in HR 0.5 (6.7) 1.7 (7.8) 3.2 (6.7) 0.411 | <0.001
Starting oxygen saturation, % 96.7 (1.6) 96.8(1.8) 97.0 (1.6) 0.378 0.032
After Bolus Lowest oxygen saturation, % 95.5(3.1) 95.6 (3.0) 94.5 (4.7) 0.617 0.060
Supplemental Oz given with induction” 101 (100%) 107 (100%) 104 (100%) <0.001 <0.001
No pain during ocular blocks 87 (87.0%) 105 (98.1%) 102 (98.1%) <0.001 1.000
No head mavement during blocks 91 (90.1%) 107 (100%) 104 (100%) <0.001 -
Na epnea during blacks 99 (98.0%) 106 (99.1%) 103 (99.0%) 0.592 1.000
Na exygen desaturation during blacks 98 (97.0%) 104 (97.2%) 91 (87.5%) 0.763 0.048
No nausea/vomiting during blocks 101 (100%) 107 (100%) 104 (100%) - -
No fass of conscieusness during blocks 35 (34.7%) 12 (11.2%) 99 (95.2%) <0.001 <0.001
No chin lift needed for obstruction 99 (98.0%) 105 (98.1%) 102 (98.1%) 1.000 1.000
No mosk ventilation 101 (100%) 107 (100%) 104 (100%) - -
Mo intubation 101 (100%) 107 (100%) 104 (100%) - -
No reco‘:':'/c‘:iwareness of blocks 99 (98.0%) 106 (99.1%) 97 (94.2%) 0.229 0.004
Supp.’emeTrm' O: given during surgery,? | 101 (100%) | 107 (100%) | 104(100%) | <0.001 | <0.001
Na PACU anti-emetic medications needed 98 (98.0%) 98 (91.6%) 101 (97.1%) 0.069 0.203
No PACU analgesic medications needed 84 (83.2%) 87 (81.3%) 95 (91.3%) 0.872 0.085

1Patient readiness for blocks determined by the patient reaching a score of 3 on the Observer’s Assessment of Alertness/Sedation Scale (OAA/S).

2In all groups, supplemental oxygen was automatically given.

Abbreviations: MAP: Mean Arterial Pressure, mmHg: Millimeters of mercury, HR: Heart Rate, BPM: beats per minute, Oz Qxygen, PACU: Post-anesthesia Care
Unit,

OAAV/S score 3 (response only after name is called loudly and/or repeatedly, slurring or
prominent slowing in speech, marked facial relaxation with eye glazed and marked ptosis) was
the targeted level of moderate sedation and considered as block readiness. In 312 cases, the time

14 | 66



CASA Bulletin of Anesthesiology

to reach an OAA/S score of 3 was 43 seconds in group 1, 36 seconds in groups 2, versus 51
seconds in group 3 (p<0.001). The analgesia efficacy for needle blocks was 87% for group 1
(without 10 mg additional ketamine after bolus), and 98% for group 2 (with 10 mg additional
ketamine after bolus), which is similar to group 3, the A6-2-2 group. In group 1, 90% had no
head movement during the ocular block, whereas 100% of group 2 and 3 had no head movement.
88% patients in group 3 has no oxygen desaturation during blocks compared to 94 to 97% in all
the KE6-2-2 groups. Less than 2% of patients had apnea that required airway intervention in all
three groups. Approximately 11% of patients in KE6-2-2 groups 2 had no LOC but 100% had no
recall of the block, compared to 95% of patients with no LOC in the A6-2-2 group, with 96%
having no recall of the block (p< 0.001). In KE6-2-2 group 1, 36% of patients had no LOC with
99% having no recall of the block (p <0.001). Figure 2 summarizes the perioperative sedation
outcomes.

Discussion:

Analgesia is the most important element of MAC to prevent pain and head movement during
ocular blocks (which increases the risk of eye injury 1), yet MAC without opioids can be
challenging. A logical approach for opioid-sparing anesthesia is multimodal and utilizes the
additive and synergistic effects from drugs activating different receptors and parts of the central
nervous system 21314 This maximizes analgesia from the non-opioid drugs while minimizing
adverse effects, leading to decreased need for supplemental opioids.

Our non-opioid KE6-2-2 sedation method has several features: 1) the standardized bolus dose
is calculated based on the patient’s age and weight (Table 3); 2) the bolus dose can be safety
administered all at once by hand or infusion pump; 3) an additional ketamine 10 mg after the
bolus increases analgesic efficacy from 87% to 98% for ocular blocks; 4) patient readiness for
ocular block was 43 seconds without and 36 seconds with the additional 10 mg of ketamine; 5)
98-99% of patients had no apnea and 3-6% had transient oxygen desaturation <90% due to
hypoventilation, with 2% of patients requiring brief chin lift but no mask ventilation or
intubation; 6) there was no significant change in MAP or HR after bolus; 7) over 80% of patients
did not receive opioids for pain postoperatively; and 8) 98-100% of patients had no recall of
block even without pre-treatment benzodiazepines. In comparison, patient readiness for ocular
blocks with the opioid A6-2-2 mixture was 51 seconds, and analgesic efficacy was 98%. 2% of
patients had apnea requiring chin lift and 12% of patients had transient oxygen desaturation due
to hypoventilation but recovered quickly. With the exception of KE6-2-2 group 1, all other
groups had no head movement during the block. No patient required supplemental sedation
during the ocular block. While the non-opioid KE6-2-2 mixture provided comparable analgesia
to the opioid-based A6-2-2 mixture, it had faster onset, lower incidence of apnea and hypoxia,
and more stable hemodynamics.

Inclusion of etomidate in the KE6-2-2 mixture did not decrease the MAP after the bolus dose
(Table 2), suggesting that adrenal suppression is unlikely. PONV incidence was less than 15%
even without prophylaxis. Since ketamine could potentially increase HR and BP, it is reasonable
to avoid in patients with severe preoperative hypertension (BP 180/90) or tachycardia
(HR >100/min) (the opioid-based 6-2-2 mixtures are reasonable alternatives) as well as patients
with severe psychiatric disease, especially in those taking multiple medications until future
studies prove its safety. Additionally, in this report, no patient received midazolam as pre-
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medication and we did not collect data on their psychiatric reaction to the KE6-2-2 mixture.
However, from observation, most of the elderly patients’ experience was positive (feelings of
peace, healing, spirituality, joyful) or neutral (adventures, “psychedelic”’). A small group of
young patients’ experience was negative (“bad dreams”) which was improved with midazolam
administration intraoperatively. Midazolam pre-treatment seems helpful in preventing such
effects.

In conclusion, our single syringe multimodal KE6-2-2 mixture provides quality opioid-free
sedation in patients undergoing ophthalmic surgery, which is applicable to other diagnostic and
surgical procedures. Its analgesic effect was similar to that of the opioid-based A6-2-2 mixture,
but its onset was much quicker, with superior airway and hemodynamic safety profiles.
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The opioid crisis has been steadily rising in the past 10 years. Approximately 650,000 opioid
prescriptions are dispensed in the United States daily even though opioid use is the leading cause
of unintentional death in the United States *. Opioid-related deaths have more than quadrupled
from 1999 to 2017 and increased by 285% between the time periods of 2002 to 2004, and 2011
to 2014 2. Many studies demonstrated that the perioperative period is an important time frame for
patients to develop an opioid use disorder (OUD) 345,

OUD development is more likely for patients with a variety of nonmodifiable, psychiatric,
psychosocial, and personal history risk factors to develop OUD ¢. It is important that anesthesia
providers should consider OUD issues when generating postsurgical pain management plans.
Opioids can often target acute postsurgical pain effectively; however, despite their prevalent use,
opioids have not been shown to be effective for chronic postsurgical pain.

Enhanced Recovery after Surgery (ERAS) has been widely implemented. Multimodal pain
management is the key component of ERAS. Multimodal, opioid sparing analgesia is not a new
concept. It has been well known to our perioperative providers for more than 20 years. With the
increasing implementation of ERAS and opioid epidemic, opioid sparing analgesia has been
more widely adopted perioperatively 7.

It has been reported that perioperative systemic lidocaine infusion has beneficial effects on the
bowel function recovery, pain control, narcotic sparing and reduced hospital stay after abdominal
surgeries & %10, Therefore, systemic lidocaine infusion has been adapted as a part of ERAS
perioperative protocol. However, evidence of systemic lidocaine infusion remained uncertain.

A systematic and meta-analysis study ** which included 68 trials (4525 randomized participants)
to examine effects of systemic lidocaine infusion on postoperative pain control, narcotic
consumptions, bowel function recovery, and length of hospital stay.

They examined the effect of IV lidocaine on postoperative pain scores shows a reduction of pain
score at 1 to 4 hours (SMD -0.50, 95% confidence interval (Cl) -0.72 to -0.28) and 24 hours
(SMD -0.14, 95% confidence interval (Cl) -0.25 to -0.04), however the effect size lacks clinical
relevance. Additionally, at late time points of 48 hours, the effect size is clinically non-relevant
(SMD —0.11, 95% CI —0.25 to 0.04). An SMD of 0.11 fewer in pain score corresponds to 0.42
cm to 0.08 cm reduction on the VAS 0 to 10 cm scale. Essentially, the effect of pain reduction is
more pronounced in the early time points compared to later time points.

Another category of effect examined by the Cochrane meta-analysis study ** was the effect on
bowel function such as time to first defecation/bowel movement and time to first flatus, as well
as postoperative nausea and vomiting at different time points. The study demonstrates a reduced
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time to first bowel movements (hrs) (MD -7.92, 95% CI -12.71 to -3.13) and time to first flatus
(MD -4.09, 95% CI -6.30 to -1.87). There was no significant effect for lidocaine to shorten the
time to first bowel sounds.

The meta-analysis did not find a statistically significant difference between lidocaine infusion
and length of hospital stay *.

Postoperative nausea was found to be reduced in the lidocaine group (RR 0.78, 95% CI 0.67 to
0.91), however, 1V lidocaine did not have a meaningful effect over postoperative vomiting (RR
0.83, 95% C1 0.63 to 1.08).

Lastly, the meta-analysis examined intraoperative, postoperative, and overall opioid consumption
and found clinically significant reduction in opioid consumption perioperatively. Intraoperative
opioid consumption (MEQ, mg) was found to be less in the lidocaine group compared to control
(MD -2.14, 95% CI -3.87 to -0.40). Postoperative opioid consumption, PACU (MEQ, mg) was
found to be less in the lidocaine group as well compared to control (MD -3.10, 95% CI -3.87 to -
2.32), and the overall postoperative opioid consumption (MEQ, mg) was reduced as well (MD -
4.52,95% CI -6.25 to -2.79) .

Although aggregate 95% CI showed beneficial effect, the 95% P1 crossed the line of identity and
demonstrated both beneficial as well as clinical non-relevance for intraoperative opioid
consumption and postoperative opioid consumption groups. However, the only definitive benefit
was observed in the postoperative opioid consumption, PACU group with a 95% PI below 0,
which means there is predicted reduction of postoperative opioid consumption in the PACU with
IV lidocaine use 1.

In conclusion, despite reports of IV lidocaine’s beneficial effects in the perioperative period and
its adoption into ERAS protocols, the heterogeneity of the studies in the aggregate data cast a
shadow of uncertainty over the true effect of IV lidocaine. We are uncertain whether 1V
lidocaine benefits postoperative pain scores, improves gastrointestinal function, reduces
postoperative nausea and vomiting, or reduces intraoperative and overall opioid consumption.
Thus, more studies are needed before we can make a definitive recommendation.

Acknowledgement: The authors thank Jeffrey Huang, MD for his advice, review, and editing the
article.
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Introduction

With growing concerns related to the opioid crisis, multimodal analgesia has been employed
increasingly in clinical settings over the last two decades.t? Multimodal analgesia is a strategy to
use multiple drugs that act by different mechanisms along multiple sites of the nociceptive
pathway.* 4 Effective perioperative analgesia can be achieved via opioid-sparing or even opioid-
free analgesia, though it may not always clinically necessary or appropriate.>

Common perioperative analgesic agents include opioids as well as non-opioid systemic
analgesics such as dexmedetomidine, ketamine, acetaminophen, non-steroidal anti-inflammatory
drugs, gabapentinoids, regional anesthesia, and local anesthetics administered intravenously or
by infiltration.

Among the potential perioperative analgesics, dexmedetomidine (DEX) has emerged as a
common alternative or adjunct to opioids. One unique advantage of DEX over opioids is its
beneficial effects on the immune system. Whereas the studied effects of opioids, primarily
morphine, have been shown to exhibit predominantly immunosuppressive effects, DEX has been
shown to have reduced immunosuppressive effects and even beneficial immunomodulatory
effects in pre-clinical studies.” These observations raised the possibility that DEX is a superior
alternative to opioids in cases where intact immune response to surgical and other stressors is
beneficial such as cancer and sepsis.®

Several pre-clinical studies have been performed on the effects of DEX on innate immune
function. DEX exerts effects on the immune system via several pathways, including directly via
alpha-2 adrenergic receptors which are found on many immune cells, indirectly through its
sympatholytic effects on the central and peripheral nervous system and the associated changes
with increased catecholamines, and indirectly through other cell signaling mechanisms.? In
general, DEX is thought to preserve innate immunity through preserved natural Killer cell
function, neutrophil function (chemotaxis, phagocytosis, and production of superoxide radicals),
and intact macrophage activation and function but decreased secretion of inflammatory
cytokines.® However, more research is needed to test these observations in clinical studies.

Immune markers

A meta-analysis conducted by Wang et al in 2019 reviewed sixty-seven studies (including
fifty-nine randomized controlled trials (RCTs) and eight cohort studies) with 4842 patients
assessed, of which 2454 patients were in DEX groups and 2388 patients were in control (without
DEX) groups. Cardiac, abdominal, thoracic, spine, orthopedic, genitourinary, and other cancer
surgeries comparing DEX to placebo, propofol, morphine, hydromorphone, fentanyl, and
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midazolam were included.' It demonstrated that perioperative DEX was associated with
decreased release of epinephrine, norepinephrine, cortisol, and glucose; decreased concentrations
of IL-6, TNF-a, CRP, and increased concentration of 1L-10.1° Recently published RCTs further
supported the notion that DEX has a predominantly anti-inflammatory effect.'**> One RCT
among patients undergoing posterior lumbar interbody fusion compared the post-operative
effects of fentanyl versus fentanyl and DEX on T cell function. It found higher levels of T helper
1 (Thl) cells, which suggested intact cell-mediated immunity, and higher levels of regulatory T
(Treg) cells which are known to secrete anti-inflammatory cytokines.'* Another study comparing
intraoperative and postoperative DEX versus placebo on natural Killer cell function among
uterine cancer patients found increased IFN-y in the DEX group.*? These results were surprising
as DEX was previously associated with decreased IFN-y, and authors postulate these unexpected
findings may be due to the tumor environment created by invasive cervical carcinoma. Another
study among healthy patients undergoing laparoscopic cholecystectomy found a dose-dependent
inverse relationship between DEX and CRP, suggesting that its anti-inflammatory effect may be
titratable.?

Immune Cells

Wang et al. meta-analysis demonstrated that DEX was associated with higher NK cell
expression or count.’® Another RCT study among patients with lung cancer comparing
flurbiprofen versus flurbiprofen and DEX found similar results with higher NK cell count in the
flurbiprofen and DEX group.** Among patients with uterine cancer, no significant difference in
NK cell activity was detected.®? In terms of monocyte function, an RCT study among patients in
ASA category 1 or 2 undergoing multilevel spinal fusion found decreased levels of secreted
cytokines associated with inflammation and increased levels of secreted cytokines associated
with intact immune function in the DEX group, but less is known about DEX’s effects on
monocyte phagocytosis and antigen presentation.®> In Wang et al. meta-analysis and other RCTs
among patients in ASA category 1 or 2, patients with oral cancer, and patients with colon cancer,
use of perioperative DEX was also associated with increased Th1:Th2 ratio and increased
CD4+:CD8+ ratio, consistent with intact host ability to launch cell-mediated immune
defenses.1011141617 |n Lee et al. study among healthy patients undergoing laparoscopic
cholecystectomy, investigators found that higher doses of intraoperative DEX were associated
with higher IFN-y/IL-4 ratio (surrogate for Th1:Th2 ratio), and higher IL-17/1L-10 ratio
(surrogate for Th17:Treg ratio, which can be interpreted as a marker of immune balance similar
to Th1:Th2), suggesting that the immunomodulatory effects may be titratable.** DEX may have
beneficial immunomodulatory role in offsetting the effect of surgical trauma, which has been
associated with a decrease the Th1:Th2 ratio, and that undesired immunomodulatory effects of
DEX may be able to be titrated in a dose-dependent manner.#1° However, the mechanism behind
alpha-2 agonists’ effects on immunomodulation of the Th1:Th2 ratio and the Th17:Treg ratio is
still unclear.

Wang et al. meta-analysis found that DEX was associated with increased expression of B
cells.» However, a more recent study found no difference in B lymphocyte count in the DEX
group vs control, suggesting that while cellular adaptive immunity is more preserved, there is a
smaller or no observed difference in humoral immunity.t¢ Further investigation is needed to
understand the effect of DEX on adaptive humoral immunity.
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Patient Outcomes

Isolating the immunomodulatory effects of DEX on post-operative patient outcomes, rather
than attributing the outcomes observed to DEX’s other effects such as sympatholysis, analgesia,
or anxiolysis remains a challenge in existing studies. In cardiac surgeries, while intraoperative
DEX was shown to improve mortality and incidence of cardiac/cerebrovascular events, and
delirium, investigators did not observe a statistically significant benefit in reducing sepsis or
other post-operative complications.?-22 The authors reasoned that sepsis was a secondary
outcome and the studies may have been inadequately powered to detected a difference.

In non-cardiac surgeries, perioperative DEX use was also associated with fewer adverse
cardiac events despite increased intraoperative hypotension and bradycardia.? In a non-
perioperative randomized control study of sepsis, DEX administration was not associated with
improvement in mortality or ventilator-free days.?

Cancer

Animal and in vitro studies have demonstrated an association between DEX and tumor
progression, possibly through stimulation of alpha-2 receptors on tumor cells.'”-25-2 In clinical
studies, the impact of intraoperative DEX use on recurrence-free survival and overall survival are
mixed. Two recent studies, one among adults undergoing lung adenocarcinoma resection and the
another among pediatric patients undergoing cytoreductive surgery for peritoneal carcinomatosis,
found no significant association between intraoperative DEX exposure and recurrence-specific
survival or overall survival.2% In another propensity-matched trial, intraoperative DEX was not
associated with recurrence but was associated with overall decrease in survival of patients after
non-small cell lung cancer surgery.® These results are somewhat surprising as DEX was
previously thought to be potentially superior to opioids in cancer patients due to its lack of
immunosuppressive effects that were observed in opioids and volatile anesthetics and subsequent
tumor progression.® Existing studies suggest that dexmedetomidine may not be an optimal
multimodal analgesic agent for cancer patients, even if the underlying mechanism is due to
different signaling pathways rather than immune suppression.

Conclusion

Dexmedetomidine has an important role in multimodal analgesia due to anti-inflammatory
effects and immunomodulatory benefits. Patient and procedure factors, such as inflammatory or
oncologic history or dexmedetomidine dosing, must be considered in determining the inclusion
of dexmedetomidine in the analgesic plan. Further trials are needed to understand the
perioperative effects of dexmedetomidine in diverse clinical situations.
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Introduction

Cannabis is a plant product that has been used for
therapeutic purposes by ancient civilizations, such as China,
Egypt, and India 2. The continued global spread of medicinal
cannabis eventually resulted in cannabis being described in the
United States Pharmacopoeia in 1850 2 3. Throughout the 1900s,
the institution of multiple federal restrictions against cannabis in
the United States culminated in the classification of cannabis as
a Schedule I drug by the Controlled Substances Act of 1970 4.
Since the 1996 passage of legislation in California permitting
the use of medical cannabis, most state governments have \-‘
legalized the use of cannabis, whether for recreational use,
medicinal use, or both.

With the continued rise of both recreational and medicinal cannabis use, perioperative
clinicians are increasingly likely to encounter patients using cannabis. Accordingly, it is
important for perioperative providers to have a well-rounded understanding of the additional
anesthetic considerations for patients using cannabis, regardless of the legalization status of the
drug. Further, the anesthetic management for patients using cannabis is a challenge due to
several factors, including multi-system effects of cannabis, variable and unknown compositions
of biologically active compounds of cannabis, and conflicting research findings with a lack of
high-quality studies due to federal limitations and criminalization of cannabis.

Basics of the Endocannabinoid System

The endocannabinoid system (ECS) is a diffuse neuromodulatory system that plays a major
role in homeostasis, such as in cardiovascular, endocrine, pain, neurologic, cognitive, and
immune functions 7. The main endogenous ligands of the ECS are anandamide (AEA) and 2-
arachidonoylglycerol (2-AG), which are cannabinoids synthesized from arachidonic acid, a fatty
acid found in the cell membrane ¢7. AEA and 2-AG are released in response to overstimulation
of post-synaptic neurons, and then bind to cannabinoid receptors to downregulate pre-synaptic
excitatory signaling .
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The cannabinoid receptor type 1 (CB1) is found throughout the central and peripheral
nervous systems, such as in the cortex, hippocampus, basal ganglia, amygdala, cerebellum,
periaqueductal gray matter, dorsal horn of the spinal cord, and dermal primary sensory nerve
endings, with resultant actions in nociception, anxiety, movement, memory, cognition, and
emotion. Notably, the lack of CBL1 in the brainstem results in the sparing of respiratory effects of
cannabinoids, which is an important contrasting point to the depressive respiratory effects of
opioids. Further, CB1 are found in multiple other organ systems, like the gastrointestinal,
skeletal, and cardiovascular systems, although to a lesser extent than in the nervous system .

Another relevant cannabinoid receptor for the perioperative provider is the cannabinoid
receptor type 2 (CB2), which has a less well-defined function and is predominately found in the
spleen and immune cells, indicating a role in immunomodulation. Interestingly, G protein-
coupled receptor 55 (GPR55) is a presumed third cannabinoid receptor with a broad distribution
across the central nervous system, peripheral tissues, spleen and lymphocytes, and many cancer
cells, thereby indicating potential as a future therapeutic target . Overall, understanding the ECS
will assist perioperative providers in determining and predicting the clinical effects of the
exogenous cannabinoids found in cannabis.

Exogenous Cannabinoids

The three major species of cannabis plants are Cannabis satvia, Cannabis indica, and
Cannabis ruderalis. Hundreds of organic compounds, such as terpenes, flavonoids, and
cannabinoids, have been identified and extracted from cannabis plants. These exogenous
cannabinoids bind to CB receptors, thereby exerting their effects through the ECS. Delta-9-
tetrahydrocannabinol (THC) and cannabidiol (CBD) are the most studied and relevant
cannabinoids with regards to perioperative cares.

THC, the main psychoactive cannabinoid, is a partial agonist at CB1 and CB2 °. In contrast,
CBD, a non-psychoactive cannabinoid, is primarily a negative allosteric modulator at CB1 and
CB2, though it has also been described as an antagonist at CB1 and inverse agonist at CB2 © 11,
CBD may moderate some effects of THC, most commonly resulting in a reduction in the acute
effects of THC, which plays a valuable role while gathering information from patients regarding
the THC/CBD ratio or content of the cannabis product *2.

Furthermore, these exogenous cannabinoids, especially CBD, act at a variety of other
receptors within the nervous system, including some which may impact anesthetic management
of patients using cannabis. The actions of cannabinoids at opioid, N-methyl-D-aspartate
(NMDA), and y-aminobutyric acid (GABA) receptors are significant to perioperative providers
due to the close association of cannabinoid signaling with each of these receptor pathways *.

For instance, cannabinoid and opioid receptors are found within the same cells and CNS
neurons, and they mediate common intracellular signaling mechanisms. Cannabinoids also act at
kappa and delta opioid receptors to increase endogenous opioid synthesis and release *.

Similarly, as the NR1 subunit of the NMDA receptor is closely coupled to CB1 receptors,
NMDA activation stimulates the release of endocannabinoids, resulting in a negative feedback
mechanism to reduce the number of NMDA receptors. Moreover, as compared to endogenous
cannabinoids, exogenous cannabinoids are thought to be more potent inhibitors of NMDA
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receptors, thereby resulting in a greater inhibitory effect that leads to neural dysfunction and
NMDA hypofunction *.

Lastly, in certain brain regions like the hypothalamus, hippocampus, and cortex, GABA and
CB1 receptors have overlapping localizations, are found in the same cells, and share a common
signaling pathway. Due to these close linkages, cannabinoid activation of CB1 inhibits both the
release and synaptic uptake of GABA, while also allosterically modulating GABA receptors .

Relevant pharmacokinetics

The pharmacokinetics of cannabinoids are difficult to determine due to the variable
absorption, metabolism, and elimination of cannabinoids, which is dependent upon multiple
factors, such as THC/CBD concentration of the product, route of administration, body fat
percentage of the patient, and acute versus chronic use * 13 14.15,

For instance, according to the World Health Organization, a typical cannabis cigarette
contains approximately 500-1000 mg of cannabis 8. If the THC/CBD percentage of the cannabis
is known, then the dosage can be calculated: THC/CBD dose equals the THC/CBD percentage
multiplied by the milligrams of cannabis. However, the actual amount delivered depends on
factors such as the smoking technique and inspiratory effort 4. Further, the clinical effects vary
based on quantity consumed and chronicity of use. This simple example illustrates the resultant
complexities in clinical management of patients using cannabis as well as the challenges faced
by researchers.

Nevertheless, the known pharmacokinetics of THC and CBD may guide perioperative
providers. Cannabinoids are metabolized via the cytochrome P450 system in the liver, resulting
in numerous active metabolites as well as potential interactions with drugs that are also
metabolized via this mechanism 3. Elimination of cannabinoids occurs through urine, bile, and
feces 3. An important consideration is the hepatobiliary recycling which may prolong the half-
life of cannabinoids . The plasma half-life of cannabinoids is 20-30 hours with a tissue half-life
of up to 30 days °. The prolonged tissue half-life is due to the high liposolubility of cannabinoids,
resulting in their accumulation in adipose tissue. Therefore, consideration of factors that may
contribute to a prolonged half-life or drug interactions are relevant to the perioperative provider.

Screening & Weaning

Routine preoperative screening for current or past use of cannabis is recommended for every
patient 7. Since cannabis use may be stigmatized, it is imperative to remain non-judgmental
while encouraging patients to disclose information that is paramount to optimal anesthetic care.

Due, in part, to the pharmacokinetic variability previously discussed, it is difficult to define
significant cannabis consumption. Ladha et al. provides perioperative recommendations based on
current literature and the experiences from an expert panel *. The recommendations are based on
significant cannabis consumption, defined by the following: 1) greater than 1.5 g/day of inhaled
cannabis, or 2) greater than 300 mg/day of CBD oil, or 3) greater than 20 mg/day of THC oil, or
4) consumption of a cannabis product more than 2-3 times per day with an unknown CBD or
THC content *".
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If a patient uses either recreational or medicinal cannabis, additional information to gather
may include duration of use, daily intake amount and frequency, method of consumption, use of
“Spice” or “K2”, time of last consumption, adverse effects of cannabis use or withdrawal, and
time to onset of withdrawal. The composition of the cannabis product (i.e., THC/CBD ratio or
content) is also useful information that may be found on the license or product label, however
recreational users may not have access to this information due to the heterogeneity of cannabis
products and varied product legality.

Consider screening for cannabis use disorder (CUD) if a patient reports using recreational
cannabis greater than once per day or medicinal cannabis more than prescribed. There are several
validated screening tools, such as the revised CUD identification test, which a brief 8-item
screening assessment with 91% sensitivity and 90% specificity 8. Consideration of a referral to
addiction medicine or psychiatry may then be warranted 7.

Moreover, in patients who meet the inclusion criteria for significant cannabis consumption,
consider cessation or weaning of cannabis use if there are more than seven days prior to the
surgery. The target for pre-operative cannabis use should be less than the inclusion criteria for
significant cannabis consumption, with an even lower goal depending on sufficient time before
surgery, level of patient motivation, and therapeutic use of the cannabis regimen. If the patient
consumes greater than 2-3 times the inclusion criteria doses, consider pain medicine, addiction
medicine, or psychiatry review of a plan for weaning or cessation. Under these conditions, Ladha
et al. states that weaning or cessation of cannabis use is safe with possible benefit and may
decrease adverse outcomes *'.

Although Ladha et al. had no consensus for patients using cannabis within 1-6 days prior to
surgery, the authors recommended to continue cannabis use within 24 hours of surgery because
weaning or cessation may increase the risk of cannabis withdrawal syndrome and possibly
exacerbate associated underlying medical conditions, such as anxiety or chronic pain *.
However, this recommendation varies amongst the current literature. For instance, Echeverria-
Villalobos et al. recommends avoiding general and regional anesthesia for elective surgeries for
at least 72 hours from last cannabis exposure due to the adipose accumulation of cannabinoids
that may be associated with sustained tachycardia as well as the increased risk for acute
myocardial infarction, which will be discussed below *.

Cardiovascular effects

Cannabis has multiple effects on the cardiovascular system, which are mainly mediated by
CB1 stimulation ’. However, the end result of the cardiovascular effects of cannabis is a complex
determination that depends on the THC/CBD ratio, chronic versus acute consumption, dose,
route of administration, and time since last consumption >, For instance, acute THC
consumption stimulates sympathetics and inhibits parasympathetics resulting in a dose-
dependent increase in heart rate, myocardial oxygen demand, and blood pressure, while CBD not
only moderates the adverse effects of THC but may also reduce heart rate and blood pressure >
13,1519 However, with chronic cannabis use, patients may develop tolerance to the sympathetic
effects, like tachycardia ***°. Therefore, perioperative providers should be prepared for either
positive or negative effects on the cardiovascular system due to the potential for a mixed clinical
scenario depending on multiple factors of cannabis use habits.
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In addition to the autonomic actions of cannabis use on the cardiovascular system, another
consideration is that THC is associated with endothelial dysfunction and oxidative stress, which
contributes to the increased risk of myocardial infarction in cannabis users 7. One study
demonstrated an almost five-fold increased risk within the first hour after smoking, which has
been demonstrated by additional studies, including a recent nationwide inpatient sample
illustrating that chronic cannabis consumption is associated with a meaningful increase in the
risk of postoperative myocardial infarction 221, Cannabis use has also been associated with
malignant arrhythmias, sudden-onset atrial fibrillation, coronary spasm, sudden death, cerebral
hypoperfusion, and stroke . Therefore, cumulative evidence suggests that a preoperative EKG
and echocardiogram may be valuable components to perioperative cardiovascular monitoring **.

Respiratory effects

There is little evidence of respiratory system effects of cannabis when administered by routes
other than smoking or vaping, and the effects of cannabis consumption via these inhaled routes
are similar to those of tobacco smoking. Inhaled routes of cannabis administration facilitate the
entry of high concentrations of cannabinoids and non-cannabinoid chemicals into the airway and
lungs, which then quickly enter the bloodstream, like those associated with tobacco smoking.
These chemicals can act as bronchial irritants, like tobacco cigarette smoke, causing airway
hyperactivity, edema, obstruction, chronic cough, bronchitis, emphysema, and bronchospasm -
13,1519 There is also concern that cannabis may be more irritating to the airways due to burning at
a higher temperature than tobacco %222, Further, certain characteristics of cannabis smoking,
such as the technique and inspiratory effort previously mentioned, may result in greater
carboxyhemoglobin levels and tar retention in the airways . More specifically, prolonged or
deep inhalation, shorter butts, and higher combustion temperatures may result in these
respiratory effects that could complicate perioperative cares *°. Due to these parallels between
tobacco and cannabis smoking, perioperative providers may also consider an ASA classification
2 for current cannabis smokers.

In addition, the dangers of vaping is evident by the U.S. Food and Drug Administration
(FDA) warning about vaping THC oil, which was due to a multitude of reports of severe
pulmonary disease development, termed e-cigarette or vaping-use associated lung injury
(EVALLI) =. Inhalational exposure to these chemicals can result in extensive airspace
opacification seen as a centrilobular nodular pattern that resembles pneumonia and has been
described as a “tree-in-bloom” sign on imaging . Therefore, any patient presenting in the
perioperative period with new-onset respiratory disease and a history of vaping THC should be
evaluated with concern for EVALI and other potential respiratory issues *.

Cannabis smoking has also been associated with postoperative airway obstruction, such as
pharyngeal and uvular edema 22, Accordingly, it is recommended to postpone surgery when the
patient has smoked cannabis shortly before an elective surgery, which is congruent with the
recommendation to avoid elective surgery for at least 72 hours after cannabis use due to the
cardiovascular effects described above °. Nevertheless, perioperative providers may consider the
administration of steroids in order to reduce the risk of airway obstruction due to edema or
inflammation, however it would be prudent to remain mindful of the increased risk for
myocardial infarction within one hour of cannabis use.
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Induction & Maintenance

Multiple studies have described an increased requirement of several anesthetic medications
in patients with chronic cannabis use. The relevant mechanisms of action shared by perioperative
medications and cannabinoids are through opioid, GABA, and NMDA receptors, thereby
resulting in a potential for drug interactions.

A 2009 prospective, small sample size, human study found that chronic cannabis use
increased the propofol dose required for induction when inserting a laryngeal mask *°. More
recently, a retrospective cohort study with 250 patients determined that regular cannabis use had
a significant effect on the amount of sedation required, with cannabis users requiring 14% more
fentanyl, 19.6% more midazolam, and 220.5% more propofol for the duration of the endoscopic
procedure 3.

For inhaled anesthetics, a retrospective study demonstrated an increased delivery of
intraoperative inhaled anesthetic among preoperative cannabis users, which may be due to
increased tolerance %. This finding of a significantly greater sevoflurane requirement in cannabis
users is consistent with other studies that demonstrated a link between cannabis use and a higher
tolerance of inhaled anesthetics, such as isoflurane -3,

Therefore, anesthesia providers should be prepared to administer increased dosages of
induction and maintenance anesthetic agents in patients with chronic cannabis use. These
patients may also benefit from more rigorous monitoring as the interpretation of heart rate and
blood pressure as factors in the determination of anesthetic depth may be complicated by the
cardiovascular effects of cannabis .

PONV, acute pain, and withdrawal

Three postoperative considerations for chronic cannabis users include postoperative nausea
and vomiting (PONV), acute pain, and cannabis withdrawal syndrome.

Chemotherapy-induced nausea and vomiting is an accepted indication for medicinal cannabis
depending on state legislature, however studies have shown not shown cannabis to be useful in
the prevention of PONV 35%7, Cannabis use can even result in severe refractory cyclic nausea and
vomiting, termed cannabis hyperemesis syndrome. In a retrospective analysis, daily cannabis
users were found to have an increased risk of PONV, however another study found no difference
in the rate of PONV among chronic cannabis users and cannabis naive patients %%, Ladha et al.
found limited evidence in support of additional PONV prophylaxis for cannabis users, though the
authors ultimately determined that the potential benefit outweighed the risks and stated that
additional PONV prophylaxis is unlikely to result in harm 7.

Chronic pain is another accepted indication for medicinal cannabis depending on state
legislature because cannabinoid effects on CB2 receptors in the dorsal horn have been shown to
cause a reduction in inflammation and the modulation of pain ’. However, cannabis has not been
demonstrated to be useful in the acute, postoperative pain setting. Due to the close linkage
between the cannabinoid and opioid systems, chronic cannabis use may result in difficulties in
postoperative management of pain. The literature describing postoperative pain in cannabis users
yields mixed results. Multiple studies indicated greater pain and opioid requirements, while
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others report no difference or even less pain and opioid use in cannabis patients -, Ladha et al.
states that it is appropriate to consider that postoperative analgesic requirements may be higher
for patient who consume a significant amount of cannabis due to those multiple studies
demonstrating greater levels of postoperative pain in cannabis users [17]. Moreover, it is
important to remain cognizant of other causes of increased postoperative pain as well as the
potential role of cannabis withdrawal, particularly if the cannabis is used for pain or anxiolytic
indications Y. Thus, a referral to an acute pain service may be beneficial for certain patients.

Although cannabis withdrawal syndrome (CWS) is not severe and does not have a high risk
of severe adverse outcomes in most patients, CWS may contribute to morbidity in the
postoperative period 1"+, There may be an increased prevalence and severity of withdrawal
symptoms based on certain variables, including cannabis potency, daily cannabis use, female
gender, and comorbid psychiatric disorders or polysubstance use *47. Notably, CWS is unlikely
to occur in patients consuming 300 mg/day or less of smoked CBD-dominant cannabis and in
patients that are also opioid-dependent 1"-1°, CWS onset generally occurs within 1-2 days, peaks
within 2-6 days, and dissipates within 2-4 weeks *. However, the high liposolubility and
consequent adipose accumulation may impact this general timeframe and severity of symptoms.

To avoid CWS, providers may instruct patients to continue with cannabis use until surgery,
however this may conflict with the potential for adverse effects of cannabis on anesthesia. If
CWS is suspected, perioperative providers may assess patients with the 19-item Cannabis
Withdrawal Scale, or other withdrawal scales, and should refer to a psychiatry service as
appropriate 746, Another approach to avoiding CWS is to consider continued administration of
cannabis oil or edible cannabis while hospitalized. The consensus reached by Ladha et al. states
that the continuation of cannabis oils and edibles may be appropriate on a general post-surgical
ward, but no consensus was reached for ICUs, high-dependency units, or step-down units; this
recommendation should be kept in concordance with evidence-based care, institutional
regulations, and current legislation and, moreover, does not apply to inhaled cannabis *". Similar
to the current regulations regarding tobacco smoking in hospitals, cannabis smoking or vaping is
never appropriate in a hospital setting.

Conclusion

With the continued rise of recreational and medicinal cannabis use, the anesthetic
management for chronic cannabis users requires additional investigation to address the questions
and limitations posed by the current body of literature. Herein, we reviewed the basic
physiologic and pharmacologic principles of the endocannabinoid system and exogenous
cannabinoids that are relevant to perioperative providers, and then discussed considerations and
recommendations for the anesthetic management of chronic cannabis users. Each patient should
be screened for recreational or medicinal cannabis use, with additional information gathering
about cannabis consumption as appropriate. The importance of adequate preoperative
information gathering cannot be overstated because the information regarding frequency,
amount, potency, route of administration, THC/CBD content, adverse effects, and withdrawal
may be valuable during the anesthetic management, particularly with respect to cardiorespiratory
effects, induction and maintenance of anesthesia, and certain postoperative cares. Amongst the
literature, the major research limitations included the variable and unknown composition of the
biologically active compounds of cannabis products, the federal legislation and criminalization
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of cannabis which contrasts most state legislation, and a lack of high-quality human studies to
guide perioperative decision-making.
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ESC GUIDELINES

CHD With High Risk and Extremely High Risk for Pregnancy

Significantly Increased Risk Of Maternal Mortality or Severe Morbidity
(mWHO Class [II) (Cardiac Event Rate 12%-27%)

Extremely High Risk Of Maternal Mortality or Severe Morbidity (mWHO
Class IV)" (Cardiac Exent Rate $0%-100%)

Unrepaired cyanotic heart disease

Moderate LV impairment (EF 30%-45%)

Systemic RV with good or mildly decreased ventricular function

Fontan circulation, If the patient is otherwise well and the cardiac condition
uncomplicated

Severe asymptomatic AS

Moderate mitral stenosis

Moderate aortic dilatation (40-45 mm in Marfan syndrome or other HTAD;
45.50 mm in BAV; 20-25 mmv/m? in Turner syndrome)

Mechanical valve

Severe LV impairment (EF <30% or NYHA Class I1[-1V)
Systemic RV with moderate or severely decreased ventricular function
Fontan with any complication

Severe symptomatic AS

Severe mitral stenosis

Severe aortic dilatation (>45 mm in Marfan syndrome or other HTAD;
>50 mmin BAV; »25 mm/m? in Tumer syndrome)

Severe (re-)coarctation

Abbreviations: AS, aortic stenosis; AS, aortic size index; BAV, bicuspid aortic valve; CHD congenital heart defect; EF, ejection fraction; HTAD, heritable
thoracic aortic disease; LV, left ventricle/ventricular; mWHO, modified World Health Organization; NYHA, New York Heart Association; PAH, pulmonary

arterial hypertension; RV, right ventricle/ventricular; ToF, tetralogy of Fallot.
* Pregnancy should definitely be avoided in women with these conditions.Modified from Baumgartner H et al, 2020 ESC Guidelines for the management of adult

congenital heart disease. European Heart J. 2020:42:563-645.7
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Pregnancy contraindication

Box 1

High maternal risk, WHO class IV, pregnancy contraindicated

Eisenmenger syndrome

tricuspid regurgitation

e Decreased ventricular function

e Cyanosis
e Protein-losing enteropathy

Current or prior type B aortic dissection

Abbreviation: RV, right ventricle.

Transposition of the great arteries, systemic RV with moderate dysfunction and/or severe

Univentricular heart with or without Fontan palliation and any of the following:

e Moderate to severe atrioventricular valve regurgitation

Ehlers-Danlos type IV (high risk aortic dissection)
Coarctation of the aorta, repaired or unrepaired, with significant obstruction

Turner syndrome with dilated aorta (>27 mm/m?)

Heart failure of any cause with functional class Ill or IV
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ABRiZER

01 EAZ33+HF

02 XFHEBESIT

O3 WefE, FREiH, SRSHELLPESIE?
(MJviRiREY. &)

04 LEFE, OIEEIVE

ZFR&2(MDT)

LAR
¢ BEORTE, B, RN EEROSAT

* bEiTEBKS EIRTT --- BB Z BRRs SHHIR it ARE
. BRI (BRI R RIS RS

& SRORIR---REREE, FRHERES, SHEAN
ENELEFA LEIPEM{EILE

BB T 236hE FAR

& BELEMIBENFRE, WREE
& & E: PO, 51 mllg, SO, 88 %
& BRI, FAER

& BBk E125/76 mnHg, FF7ERINHER T ATNEKE
AZBEHLBKSY, FRBESvan-Ganz 3%

* ZHE DA

© L ANZHEN HOSPITAL
ZRER
Rl
FRE¥EY
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§ i [y 7 w

A "83

~&103/86
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ZHESi2(MDT)

=F:

O&EOFE™E, BN ENROFRY, HE&3F
HELLPZ &1L, FBERPZILER

O B AR HABE B & R A P50

O g J Lk H 5 2R ) s 3 B R 2218 3 55 a4 i o =0,
B 1k [8].00 1l B ZR AR N S B2 O TE,

m B A/ =)

@ Bz Fosp

ZRE® N

m_ grbzﬁwgﬁe&mﬁm, REY. ARepggiEmm)
(E18)

REI-BEAFESE, AHRIRkEERE, B2
FECMOAFT

g SFEERE. WEX. FERE. SERE
o= EETE. METFURREM - ) SR
WETF)#E Ciloprost) AR

m_ RO ECRTEIShRREE

FRTERFRITE

O b L Bk 2

P LR H ERK0.06mgx kK (kg)
/50ml], MEXK (24u/50ml)

fitizh ik S NERE L Bm T R(EER TR
0.03mgx{&E (kg) /50mi]. Hi#T% xR
[0.03ugxf& & (kg) /50mi]

EBABYFETIREK

FREFSERE R FARITE

ABESEMMR: 73.0 <10%/L,
O fiE AN BRI Ly TR

O FifiTe-S,

00 0B 3 1 24 A e LA 5 2 T 3

ZHE LEE0.05-0. Tug/kg/min+lEE2-3U/h
ZEH T E2ug/kg/min+IFEft# 1ng/kg/min

FEMIIHEIER
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FERLEREAIIE
OEVEESLEIN FTREMHERS, EORSTFNE
OfgJUgHELSA (RAOEOME)

O&HERILE=RIFEBFENE , FEEERE

O %K%, B)LLb s dIRAR, WKiPs7-8-9%
QR E, WALERGANE, R
(5UM0mI) FER, H#EiEhE

ELBEHIAR (FRESminlAL) O PN S B, B UEA Foue SRR
Ny piran
YRR e A AN e garea A

FEE (FRBEREUSREELL) OAE
MR 1u (298)
O TER— 802 AREGE MM 82.0 x10%/L
REF RS 8 FLERENMAE TE:  100ml

OFKiS e RE?
OB MEEINALEERS? O
Hif: 300ml
KE: 100ml
. 1
AEERR Eax

. ARIFICUER
1 7 e 24 = =
RS FIRE 0.1ug/kg/min+EZE6U/h O MESEER FERE0
Z BT 3ug/kg/min+ixEi#1ng/kg/min O kSR, AGSEIFIIRSEEETRE

O AR AERIE

SBP(mmHg) SPAP(mmHg) Sa02 (%) O EEIEFUER/ N8
133/75 (97)  126/90 (106) 85 (WRE) E
RE SBP(mmHg) SPAP(mmHg)  Sa02 (%) OICU 4R [GEENEEHRE

#1x 120~140 110~120 79~-85 - -

g2x 110~125 100~120 78~88

$3X  120~130 115~125 78~89

H|ax 130-135 120-130 86

(%HﬂlCU)

m IR DIEETER eRImRmER O 10XEHkE, BRI

DA () O SIS AT
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O BFIF=AIEE
Zi, EEEY. 2l DMRRD. Rk
=. PACHIE?

O @A D EN E R Fh IRk E 24

OPACE M, FHERAPACEISMAY FNES, T7
AR CIRE

OPACH BN EMRIEER T ARNEER, BREH
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RNZEENRHOSPITAL

EiRSYINA
O Wik EDBS THRENE —HISE, HERHRRS
ARRIAES (ZRSLIRSF/NESR) +P3{RiHm

EIENE (HRFIRREHE) +RARS+ESED (
ZERTHR) MIEMETERT, RPEERADIhSE

0 BEakEmEdME RELERESY (Z5
B LBEER/SINER) +BE, RRETEIRNES

O RepREMRNNFZUREETRIERE

AEER

iﬁﬁi‘shwbzﬁﬁm
o FEWALNE
Eﬁmﬁiﬁﬁ%&ﬁﬁ%(MEW)
RVSWI=(MPAP-CVP)xSV x 0.0136

PVR = 80 x (mPAP — PAOP) / CO ‘

4

NPAP=PVR xCO/80+PAOP ‘W

hBEER? ?

BERSHEHRIECO

0 ERBRHNEN, EREHIALT
N, R L EE L R

O AEe AR R DR E A B
lEns%

- BERERTHE, TR RRAL,
o

> RILBERGEE RRMNE, FFERRG),
EOMERE, MOERPARGFLLR

> BhOTHARREE (P-EE) |
Eisenmenger Z&1E, EFEHER

» BERODERERAIERERX, UG/ REER
E;ﬁ“iﬂs%ﬁFﬁMmﬁ ﬂMWﬂﬁ%
TR

» ERERTEEREE? 77

B

Lar failure

BLE 2 Issues That Should Be Taken Into € in Women With
indicatior Preqancy in mommen with ES i very ligh ik (0 1Y)
Waomen with ES should be counselled strangly against pregnancy
oataception High- dase(-saugeﬂ therapy should be avaided because of the ik of thromboerbolisn < mMWHOIV
Consider double with
progesti lmhlﬁ.animlL:xmileﬂemale lauhm ks
Termination Ideally conducted before the 10th week of gestati ’ E [=] ' BeE 1 OW [=]] ig_lt
ounsedling when transition from pedi Essential to inform patients and their families about maternal and fetal risks
(ideally) or prepregnancy
B ENIEFER B
Pregnancy management < <
are in expert centers. Need for a multidisciplinary team u
4 detailed deli the optimal mode and timing of delivery should be agreed by
o * =ZFF
Avoid dehydration i of right ventricutar filling pressuse, reduetion in
I distress
i > EEIHSHTREEEL
E=8
WMode of del
e ot sy SEOFUER, (BiESERRIK
anesthesia
-~ .
& ERIEEIGTT
Limit the duration of anesthesia
l t — [~
Avaid emergency delivery, If possible ippost ’ C- sgg EQE (*Egk%’E)
ration but may have a pulmonary
e significant deleterious effects iﬁ BE%W?QJF*
(=]
e — * X i
ath in
< EiSA{RInE
@ FEE=ETLIBS

or antagonists; £5 = Eisennenger syndrame: PDE-5 = phosphodiesterase type 5: miWHO IV = mater

rmal Waorld Heart Organization P¥.

Eisenmenger Syndrome .JACC,2022:79 (

12> :1183 — 1198
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BEIRRIA SRR, RIBERIRA):

1. EEIF=HA Eisenmenger ZZAIEHIFETRR?

IR AIT: RIE WHO RGBT EaRAIA 40%,; 1t3€ 20% G, FEERFCERA
B 10%; M IERRIZITN 6.4%, MTERIMIFGITHEGE. XEMN TR RERGRIEER
FRIRE, ROSEEVEHEEN, M, BN, MEREEMEMSFREENNER
BElE, NEREINEBREREHRE, AWiay, EEMERE, MEFIFASENENT, L
FELAR HIGHI AT BEfS R ROTRBAAIA RIE e E B LGS 5351 Eisenmenger 5 A, EB SR
[, EFHINIER TXA,

»

E=FIEHEEERIE Eisenmenger RS IRF-IHNETRER.
o AFFIAERER R TEAXLREAISMI2IaIETHE.

o TEXEMEIRKSERIZEYT, FRMMEHIKEEL S 60%, SFOIEmEOIRERRY
FENBkEER G 10-20%, SFHORAIMEIIKESEIZF 13495 6-7%

AN

o EHZBINIAE, BHEOSIIKESENSERH—REIHRENMESHAN—
M2/ COACH HE RS UM RRZEEZEIRE. XNMSERENERE: S
B ORREERL, FTE)URRDOIRRIEIRES, LEIFEEGEIFRE. MRRAHESEAEREY
EE25iTieH2, 8F—X.

o FRIAZFIISHTRAVARAYEE, NS PAH XS, HEESEEESHIITIRNE
HA PAH jafr. —RRIBIRT, FsiBkSE (PH) | 552/ NahIkEE (PAH) RIBE, REY
BRAZ, FHREAUEN PAH B RUBZTSE. X PAH BE, BEIRENGSRT hEEREE
=,

o FTEMNZHNERE PAH BEENFIELILITRAYITY, TERMIRER] (<12 weeks) 8%
BALEBSTWREE., NRBEBVREHR, NAKFIGE PAH QT LIRS MDA, &
ErFEEENSESN, BINGEEE/ N NIEEFRESMEE, MAEESMER. TR
e MEREMRFR Vaso-vagal syncope RIFIZE. PAH ZF=3F B RTT, TABLAaIikEEE,
E B S LR U 2o TR I S PO RRERIRT L.

o MHEENENAFEEE, X PAH 2P TinERFAIER, NER A-line, CVC,
®/0ME PAC, BHERIRESEL PA MELEFD RV TREEMAIER: BRE. SRR, (KR
BerpEs, FURMIEOEKE.
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o FEHAFATTLUAEIN ARIRERENN BHIFERETIE. FARBERIINRHESE, EA
0.5% Ropivacaine 831/ FIE, 2IXES, EBEARIFATEMREFEA LESSIAME FMHEMmEE
WINETEN. REFEAREIFAZTENREFE, BALEFA, LBLLIHERAEMERIR
fREENE, [EFERATAIA Phenylephrine By norepinephrine IV #E X84 A0E, W, /HEEIFEMD
METEMZH,

o IR, MAEXNE, ™E PAH FOTJRESHINMRMNNEREE, SEOMINgER
ISF/BTE, DA RE—AREIREE, XS PAH 23t KEES RESE T
RB. Bfe PAH BE D RERISK LR NAEEE S Z T,

EXSIR AL IXS T8 Eisenmenger £RSEAY =132 FEMEAESMNEBHMEE, Lidocaine 3ml {E/9i
WE, #EEAFNBEF (1%HZEE+0.5%BIREEEAR) 10ml, XEHAII R ERRESE
RHRIE, BELEE R FEASMER RSN, INESENIRRERL, il
norepinephrine IV 5 s (WA EMIEINMEERISOR) . ERERNE-FESE~H
ZRERDY, TXIE Eisenmenger ZZEMER BRI S =R HEG) ARSI S E.

2. fRRtHfE, KESEBEMESRATRNRE?

BHRANARERIRERHMEEN, (CRIREED,. BEED TR EERSERIM
B KIER.

3. Eisenmenger BEDIRE/AEISLEMI?

ERYBESARIXE—FhEE8, BREEIIRDEOENRTE, BB UREkS/E.

4. FEhRXSEFE0RE, REaIIkSENIRRERTEE? E?

=, A, EEEEANSHAXTFXAENRREERNE, ASEEHRERRIBE

IBARERITFS:, M RER-hEATSERTML, Eisenmenger GREERIBE A RERERHKAIC
FREX SRR A E B E.

EEETENEFR B HEERA TERIEIL. ftBIA Eisenmenger IHRBA TR RIEEF
DIFRIEEH R, tHAA:
o DIEEAESEIFANEIE;
o BADIRETR ALK S IANEES) LA ;
o fafMEHE, N IV Pitocin MIFFENIEST Pitocin, EAFENIEFIRI Pitocin iFE
EiEd MARRWEERTEZARMAIEER.
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PERAEIR AT BRI RIS ERELALEAREILITR PAH FRIEEACAINE. b
A9 PAH BERIFBINEARIEIE. EFKBEN IF, TR —ErEEMEAMEE S, (BT
IRFERIEZAEK ISR T, SEMMERED. MailkEALURAOERRTEEEEINE
%, XT7E PAH BE, WRUBFELMESECRN., XBENHAEE PAH BELIHR
[ER—REA, 1£1CU R PAP BIEEES, KIBINE. FEOMNESHAEXRESHREMNE.

BRI TIFRIERXIEIS 1547 Eisenmenger ZRE1ERTF13 :

o —RHE 5 MEMNEEHEMRTIIF: @R, SEr®l, FHELRL ORRFIRME
.

o ATIEEZEFENEEREEE EANERNEEANEEMhEE. FANER
EESFHEOENEAESEEEINEES, BANERFSERSIRESE
ROBPMETE IR, ERARRESERIItSEHERAST o EE.

o HETZLR, ORI ECMO BERIFasfER. AN RI—EBFR THRSE, 8
’M&E; Echo Z#iHlhEEEIE.

o (HSH4ESABINETIERNRTALENEESK, MATHK 2/3 EXENRATAR
EFSKERROIKAE. WNKEAGOTIRE FIESERTIERRARR, MEEEITAILEE,

e Vasopressin TE{FBRT/NEMEMASME, EERRNMEEEXSINEEIRIME.

FEIRIAAER ECMO 358 PAH ZFi3RRA, BaRIhRETIHHRESE, ~TsERE
ERHEERREEENE TREMSEERINTIAERER. ELt, WEREERERLZENER
Z—HEES MBSt SEERAE.

5. BaKIZA): Eisenmenger LZZEIERBRE AR Tranexamic Acid (TXA) LAREFNATT
= ERYZ5HD?

BHUSIEL : 1990 FFLARI, (NESEERFFIATITEE,; IESE 14 MAEYEH
FDA #t/EImPR{ER. #EARYAE Nitric oxide (NO) IR ; Prostaglandin (BIFIFRESRZGH) TR
A IV =i, ORFIEZ NiE5ISFIRIZ,; Phosphodiesterase &R, 40 Milrinone BB ANZARE A
cAMP BI¥ 5KEfERk, BTFEEHGORE. BRFEAFIEM TEMENE . BREhsEER
E—EZHNNAN, EEMZSFRESME, NREBEGOEINEEARRSZ=EN L E R PIERHF.

BHIRFHEH MR BB A HMIARAER TXA, EEASSESH T HERNRER ST
BEEES, NMMIHIHESREERINENE, FEILMER, IEREERTALEERBEHR VAR
ORI,

EEIEAR: R D RS EE RS BRSNS ANReNE, RER
SIS R IGRERFERR TE R RE, (EITRSH O mWHO S RIENRES
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MRBZIEHR, XEREWRBER NHRGTREERN—. SERSE2IIEER
28-32 FRYRIERBETIRE, BIREINITHR, MN2IEARERIREHIEAX.

A, EREERISANTEEERSERARILHRGES, MTREER, EFAFHEAIREHE
R, —EEFHNER. XYTEE PAHBE, M ERAYEEHEEEINTMERS. HEAHb
BECSNK. FARHAESRAIRET SKMEIAME. (FIE. EINFMEREDIER, FK
fRECRNEEENRE, NERA.

EAREXR, BEIRNER RS RANTIEM T LAIT/NE:

RS, FRREIRSRERPHRSIDN, IIEAPRES, REHSTIASH

SeIEFETER RS, ERIFZE.

N FisEREANET, RERBZERAINMME.

ESRS TR ECMO ISR LA R RN LS.,

L REERERY Eisenmenger LR A =1ARITET_ER 6.4%E HFRTHIKE,
BigE. B, Z238EUNESKNRITESSE.

ESRKBISATEZIRSRATE, GRS K- BESHIRE SR SWIAR BHEIRS
RUEFR:. MISERIMIMEEESZZHEE CHMERIRIIZ0I, WANBLE N MREEERR
ERMEEEUTESN. SF ASA MEF2 FIARBHIRAEXRT (TR BT ET) rIkE,
CASA BRHtBSBRENIES], BEARIBEESIN.

&a B

SR—FRUOBBITE AXIRA] CASA f9— B35 !
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RN E
FtR HrRaHOIREEEZ I S~ ERMEER Ao

B+ R T e A R T E R
WS BIE HE

5|15 WREHMMIESERERGHOIRTILCRESHIKEE, IHREFH IR MBEGE
FERIRES, —EERN AL, HREGHIEHRIBGEI a2k, FEEEeFH0
HRI§, EF-EERART FRS, ErimiRsns BiraEmN AT R HEE,
FEZFRSE52IR, WHEHEERETZE,

—. JRIEE
(—) &8

BE, L, 26%, 57kg. £A "F& 328, Ofn. #S, TiEFEN2E" B, BEHE
ERBFGREOIS, BERHRR, B0k BSSFNE. 542 18 BHIm, EE05]
WESR: ZXWOIER, BERRR, OBEKFEREDR, EEEE (EE) , =RRRiR

(FE) IR MBGFEIE. ZRER2RERS2, —BENRIETHR, BEEER, 2
29 FREEENE O, BinERAE, BE OB RrRAmaIEk4EE (SPAP) 79 112mmHg,
=RREERT, FEIERIBME (Sp02) 87% (R&|/E) . EEMIEIFARPILITIRAAEE
RIERR) L&, UHORBUIEFRERERFEENEXRLREAES. 32 AiEE Ok, S0
EFBEERALRSEHRNE,

(Z) R ELERIAME

Bk M5, BT, A0, WIRSRE, &H, fPRiE (B . IUE 121/82mmHg, 1O
106 )%/min, Ik 36 95/min, Sp02 85% (IRETF) .

HEMEE
OEEE (ECG) =: BMHOMEE, AUEIEE, =2HaRIESHER, ST-TXE,

OIEEROBER: SXMOMER, BERRIR, GRIMBGEME, MakeE (BE) | Tl
IEEEEIBKE 155mmHg, AOAEOEIEX, =XiRE (EE) , OB 2R (B 22-
1) .
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FOEB X 2 BhzhBXSE, FshpkEREZERE, WAtIES, MNESMBINEE, GUBE
X (EBl22-2) . BEREB#E: FHRI, BERIEARRR. ABIMSEER: pH: 7.46, PCO2:
27mmHg, Pa02: 47mmHg, SO2: 85%, Hb: 17.1g/dl, Lac: 1.0mmol/L, Mg2+: 0.56mmol/L,
Ca2+: 1.25mmol/L, K+: 3.96mmol/L, BNP: 784pg/mL, NT-proBNP: 2685pg/mL.,

NI 232 [, AR HNEEAIE, LRIV,

22-2 BBEARRI X &

ESAL A 27 | mm | = | mE rum FEAAEFEINBE
FE L 25 | mm | fal [ iSEneER [ ™ [Hmmew | e | = ESRATLE | B8 | ow=
= [ mOme o | B [ Ex =SSR FEEEL | 56 | = A A BAOE | 117 | ==
= | e mm BAFAE 35 | mm ElA,
B EAmER m= E [FEI =T 2Z | mm | EREAGE | 80 | omis

i
ERESES 45 | mm EERE 3| mm | A cmis | R EAoAGE | 105 | o=
N | SatopEEEE | 36 | mm EEiaeE | 11 | mm E A m =
Bk | ZmaplEE | 25 |[mm | & | BiaE 46 | mm [ e
B3l a7 mm | = [ REA 45 | mm | BUZERE | WOE | | ows | EREERRIL | GE | [=ni=
== | Si=64 mm == nm [EzE [ | mmHa =3 | mmHg

1.EGE. BibEiak, Th=EMEIER.

2. DR LN ol 5 R )R P El EEER R B ED) 33mim, BT EREE— SCREEY 12mm, S TRERREERED 3mm; BB D SdI I S8 AR
cRERELR R 34mm, FEETHERIRETED 3.V mm, B TASEFRER ) Omm; S TFUIHRET N COF: AP EI AR
P HES.

LE=REEDERERIER . OE=EREEES, ahixSEREMEER T S,

4. SEERESRIERNFIERR, COF: A= SRS SR i B AHE S, BiFEFmETR 11.7em?®, TRVmax : 803cmfs,
FG: 145mmHg, T &GN SPAP: 155mmHg .. WHER— ORI M b-oh i (5 S BRHETT, EREE 3.7com’.
5.ERMRS . FESIRTURN . FelRETI SR, AR CAEGRE.

Gl B B PTERA aa  AE L, A= MIERFRRGR smm.

B
SERIEOEE

EEEEa (1 ILEN

o=l i b T
EinhEdSE (EEE)
=niEg (EEE)
R (SR E)
EohEdEF By =ins
EiE. BibEIRA
LR ()

22-1 BE®EEOENE
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—. BEBEFAHEEXG

FrAEFIERI NREREE, 22 32 [BRs) LimERYAJREMEIEN, MEHR 1T FEiT B RERS
FeREERREMm, EKhEFRTie, RERREHIONRIBHNREN IR THEFLIT
k. EIFAREAXIBRLOT :

1.BEZRNREINHRER, WONRETE, EFANPHIREIT SERETRIE
5.

2 ARBIFHRMIE OO RIBRIRERS, FEORZYIHITIFRAIbKSENAT, EFRAtkS
EarNERSEEMEARES, FHEARRHDEMIRIMES FEAIMERF B AT e AbEAE R
8, HIEETL.

3 NERRIESLRRIRIMET, RSN SRR ERAEINEE BIEIMINGE. RATEE
RESME, BEEEARERNMERENI2EME, BHNTINFERSSEREXIZE
BETRA, TREERNHREFBESEAMSETSR, BREHELAIREFIRAL,

A FFEPRRIRSERIR IBGEME, AUERBE, NEENIMZMRE, AN LiaE%
HERIOMESRAENSFFEEER. A LRBIISORBERER.

5.0 G TR SR —EAZSETIIREISRIRTER, FRRIOMEEINSHEERMITENE
OHREB, FFATEFMRANNEMRERB A LRBHIEE.

6. ZXBEBENE, BFABEZHIMeREHLRE.

L, MIBEEFARTERENXIGEE: MlkEEeR, SMALRIB, £0%
g, TEOERKRE, OIHEE, 155t ERRREEE, B, EhEer; i/LERREA. i
EEN.

RIEARIRRBERZACEEMATEEATRE, ARXNIERERRERITINERS (ECMO) #
1T

=. MR ASERE
(—) FREZRD

BEFEMIREANFAZE, WiE6(F, HEREMSER: PO2: 50.7mmHg, SpO2:
88.7%. EEDSEVOEE, FEMUEBERME MTEEIZKESFRIEE, ME 125/76mmHg,
FESERREE NMTAMASIKFRIBAMEFOEEKSE, WEHOEKE 8cmH20, ERME
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Swan-Ganz S8, FaikENDA 122/64mmHg, FOFHKEIEREERE LIRE[0.03mgX (K&
(kg) /50ml], FHEIBkSEIRERES B TZ[0.03mgX A& (kg) /50ml]. HHEIZIB/RIESTR
(IREEAK) [0.03ugX AE (kg) /50mIlfFH. W REERRT LA LEIKIMTEEA.

(Z) FREFSCHE

F L1 ~ L2 [BfESRR TIERBINRREE, SLNEE, 2%FZRE 3ml {fERIRIEFIE, 5 PEEE
m1%FZKES 0.5%BIREEEF 10ml, MRzIHFRERBEINES 5ml, BERRERFER
5 _FiRZX 0.05ug/(kg/min). ZEEYT IR 2ug/(kg/min). IHEAH 1ng/(kg/min),

(2) RpEE

FREFFEEEUUARE L 1/3 FLLEMTREFRS, HEFRAFSEFIREXRNEE (5
Hg FRIERIFIZR/10mI E38E7K) |, FHEEHERER, 10 25 EalEiHFE 76 ~ S4, MR
NNFEFTRERUFARTTR. APhFKE=, IILLAIREITF], Apgarifs 5-6-7 3, #FEIL
RNZE, WRSS, FIASEREHEFREENTEIUEE. )G ERIZIE ke 0=
EOME, BHKEEBLFEF5 AR Sug, FRIEIMEE FIERRL 8 Diffaiktiins, Ekta
MEETHEES, FHRARMBKENEE, ZEMTPIREIHERS, EH 130mmHg (S
FEMPKESN) . FHEMERS LREFIEZ 0.08 ~0.1ug/(kg/min), IIFRZEAEMZE 5U/h,
IMAZEE T BB = S5ug/(kg/min), FIRANFSEIFIR, MERMFBKEDISESES, |
IBHE 79%. FRIMSEREISIEN FRILIHERS (8XESMUREN 50mmHg B9E7) . AH
FEW4ET, RERRGHTRE AMEREER. REMRMNNPREESTE, IE
131/65mmHg, FHEIEKES 136/68mmHg, Sp0280% (k&) . MSDHEARR REIRTES
RN T RIR I,

AEBANKRES 350ml, FRE 250ml, HIm 200ml,

APEFFNEACRE (B 22-3)
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. REEEREA

BEANRIPF=EREE, KEWAEREARR, Swan-Ganz SEMEIEH (B 22-4) , A
TTRAT, AREREMTIRAFERIFIR (Sug/d) . ANE% 2 RIHIMMAIEHIE N, &IEHT/ 76%
(EERE) , OSRIER 130 )%/min £, AREEHEE, EINERS ERERIEX
0.15ug/ (kg/min) , FURMIERRS, FIbR, $EFMER, FORAOE. WEFE, HEZE
&, BIZIREHEAENIEIEKES 144mmHg. K58 3 KRR, BmmENEEEZ
¥, WELREESMEHIENA/NIERS FEFRNE. KE%E 5 XEMeE, ISEES
we, PEXRELIRR. SERTR4ESME. 5 6 XEBREFSINE TR Swan-Ganz &
& (BlkESE) | REEERE.

& 22-4 REE ICU R=ZM A K Swan-Ganz i/ &[]
f. BREH I HR IS GESI RS ST e B SRS S

HREH R IBESIERNBAEREEANNERE, 8— " I THEBREXEE, 5%
nr:
(—) ABIES

ARIRAR A REESERRMIEESE, FEMMEREN. TR SEARRINE R
Oh=ERT (B0, FliR) . BEIEECREERZKEDZY (FEAkEE)  4PmS
FRRERTTHET, POLEER-hES(ERPIIEAE, BOIEFIEREAERR. (REFRE. RIRIBE. KRIRH
BERFR O N RIBISTRAOAKINAR (BNP) BfRERELEIA N KimrE2 (NT-proBNP) 7K,

ERBFEUTRE, BmEhErE:

1. BNP>300pg/mL. NT-proBNP>1400pg/mL,
2. GLEE>14mmHg, CI<2.0L/ (min - m2) , SvO2<60%,
3. AILBER>26cm2, =RIFMEERRMZ<1.5cm, HEUERRK,
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4. BUHRBER. 2K 6 2 TR <165m,
(Z) RepEERN

BrIHRINE. EeitmERDH—SIEEMZRBE TR 0. hmEEINEMmERS
BRRREERAN ORETHBENN S, FIBARE) LR e FEWa R T ik EE kR SRR XELRIEN,
SERIFEMAFEREREN, ) URHEEFRLSM, Righ)UikteEsasgnAN, BHl
NE TR, MATMIERRHES.

(2) AEBEEMEETEYD

TR MNAREE AT R SERIINEMER DT, Bt/ I FrERE R EERMERSE
AYRYESIE. BRISERERE LREN/ENERER, EFE I _EMMERIR
W, BTSSR EMBITIE/RiETRIARIRANFERIFIEY sKAta0bk, FHEMMERED, EEa
B, BEEEHESE/REEASIYIFSAEE/INEANERNSERNE, FTEEERR
NFIERES]. EMNNBASIREZEBE TR, ONORIETERINESE LRE.

(F9) AR

IREBERENEEOBE (ECG) . BElspkE (ABP) . 1SikEMEEFIE(SpO2).
MEPKE (CVP) & Swan-Ganz 5%, Swan-Ganz SEascrtisFtzEkES, BERTE
Swan-Ganz SERBEEBAY KEMERZY), FITEFAERH{ TR ZIERAE
1=, BNRENFEFEROEKLETE, BIE Swan-Ganz SENE, RNAEICER
SHRKERE.

s, BEiZBE ST RREE, TR T TEE I, SRR (TTE) NNAES
BERN., HUEOIRYETEE, B IEERES, RESLKIFESECRAIKER, #ilE
.

iR, ERERHETIISERTISERIIGR IREEIE, BFEERIERH, RaiFE
EERT NI R FEEIKERMEEAE, LFIMREEEE. Ahmill ERMEMSRE
MERIERT, TR SRIMERSEME,

(h) FREMES

FARIT R ETEEFITIR) LA G H AR EFNERE, B LEENC I SRS RS .
f8) LB iE R FISSRA LRI MBS, FRsihFFiaaEgRtas, HRATFERE
ZRHEME, BSEREEER,. EECEEHETN, REERHIE SU T, HEEEEHIKE
1E#EE, KUSELELENE, BRERERISEER.
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(7%) FIAIERE AR ST T 5

FrARNENESKEERERDE, —HEBETR) Rk EEROMEEINSEU O S
MNE, B—HEAEHETVPEFKANNSHRIFMERERNEESTEIFERN, BEZRRAN
S, EMHKELAEE, SENETRES. —BERESTEZIRMAFERFIR. IMAFES
YIFIEFNTEIRMTTRS, ENRAME, SHFEARERE, NFESRFRES, RRA
—RME, FAERMEWLESYD. [ERNAZY. TKIERYERIRANNFEFR. MRS
MBS, FERESIMINERS (ECMO) 45, IIBEHENRRE.

() NeEE

ANERIFEFEREEE, RIENERNETER, BREENNEE, FHREFRERM 72
INIFZA, ATERIMEERFIER, SNRBELIUE FE, RS kRIEHNETE. AlBEED
EAFETRTEREREHM, FERMARNEEHR. FELR, FOAEHETOEEZINS
FERFEfE 24 B, RtEVENZIFHTHANGSNLIESERER, NERRIKEDIRMEEHE

=tNg
75 TERAIRFE
(—) ERIMBLEZEETE (Eisenmenger syndrome)

SFHRIMEGEER—AERVIERAENER. K. EARGRR. ShkSERDELRY
OBERS, ATHERNARAD R, BFHETHEMKEE (pulmonary artery hypertension,
PAH) KRZE2[REMEIINEE, HINASKRAS R, FEMNEYT KXY RSIEE,
IRPRRIAIRERE. RH. ENMMETES, BRI MEGEI. R MBGEERRRE
1897 F#4#iA, Wood 7 1958 FEIEN. MNFRBEHEELEFAGEIIERIFR MEEE
fEBE, MRBTFEANET, RENEEEMRKESENHE, AERHSERA OIS0
=8, EEEESS. B TIHREE, BEABS XA EDREERZaTT, LUK
Rk EEHRE. HEER. EKEHRIBEN.

IRPRF4FRER, TR OIEFIKSERDNEE, EEEEEaDR, EAEMRARE
FfERT R ATaEX S E, Sk ENEIEKER, EAEDRBERDHEL, F=Eh
HRKIIFRE RS RAEERRK, HMERERH, EEREBRESR, ALKIER, T+585
R, BN TFREAETNLELE, £ ERETA LR, BIERMAS (differential cyanosis) .
B SERAAREBEIRFE, B8 10%09%MEFHFEM OISR, NENPKEERE. =APRER.
T e =N
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(Z) FshikEED S

% 22-1 FhEtt RIS ECIEFRIFREIkEED R

e ESEESES

1. EhEKELATRIBKSE

(DRI EE

QEEIEIEIKEE

)P SHIRRMERATRIBK S E

(D EIRER RN S E EEERALYR, ANXRERIGREREL, 8
FKBE; SeXMOMER; MikRmE

2. ERREXIEIKEE EOEWG RS, mOEEFKINERSE
OIEREER; XM / SRIEMALRNE /
B ERE

3. EMEREMRHEXEKEE 1SRRI RS, [BRMERRERs, EAibkR
HItEE PRI, WIREIRE(S, it
RESERm, EBMERm, SRR X
SERABIR

4. Bt EEEbkEE

5. ASMHARNERSHRIFEIKESE

[ERAGERE TR0k EN(14£3)mmHg, IEE LR 20mmHg, 8ERE TR
DSENERTHIIEIEKE>25mmHg, BIEMAMEIEKEE (PH) . 2013 FEEEHbbzEK
BESN XIS RS T T EH, AR, Wk 22-1,

IERPITREHIFRIKEE, SLSEREUIERSERIMEKEEAE, XEBEARDZE
TR OIHRARH IE N ERSI DR SEEEIKEE, /N0 22 REMH e B Ehha)
EE. s, BEBRNCHIREHRESFH IS ERRIIRE RIS E. AORBEX
FaifkEE. EETRER, InRPHESISMEUENTTRIE ORI R ISR
BIRIREMIEE T, EORRELES R, —BEHNNERDES, ESZHIASEER.
RIXFSEREIk S ERE R EERERINGA, EREAENEZY, I mERD
1800,

() RS AREIBKE RIS
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[EHEHREFOERE. IEE. OHIME. MNEEF9EN, NEmERSTE. 2
AIZEAD R OIEREEHRIER R MAEREN, ABARAD REEHEIRILREEM,
(RS INEF IR BT REA R LD RIIHIE. Z2aaHzkEEAESM
BENENOEREARENE, STREREAORIBNE USRS,

(F0) FshixEErsApia

sk ECSREEMKENTRENES, RESETEMIKEIKFE, SETERYRME
RAREMERTEEEIE, BIERkEE. RE. OHRIB. BT HREAFEIREER TR
A9 L. ABINAS R KBRS EE SIS R IEMEIEKEERE. HIRIVRIEL (AR
f. Bhs. [SERSIF) WaEkSUiEikeEERIAE. FERiEEIRs R 2/\ikE
ZF5[Eef/NIRKRIZE, EIEE, A ORIMRASEIRA BT FERHNE ORS, NS A
RETHRIN, {RIE,

FshBkEERS/INE RS BRETEIRKEF =N AR ARE S 2N, FialiksSEEREE
RIFRSRIIAMESREI T, MEBAERE, Mk Eia0=E LT, EERE. MEREF
AEREEEESR, EBE—ENEERN, BAEEINT:

1. IRESEREMED EERMIEESE, FRFmEE.

2. EXRFAEEMEEIEKItRE, EXAMFRIPIEESRE, RFSEXMmERES
(PVR) BISABE U F8ER (Bl 22-5) |, TREUISRIEISEIIE PVR 10, EIRTERIRER
RIFIEZ, BELTIIRERSENERIMMERDRE. 18R PEEP,

Jits i 55 A BH 3

Jiii Z)~ i 5 By

e Jili A BLL
1

T — T Py
et 2 ohfieskem 4 MR AR (LD
MiZEE: (LD

22-5 FISEXIFHIMETR DS 3. SIRERMENFIEZSY, BhLLMEIRE DR IE
T, FEMEEEAERBREAE ERNRERNE, BNEARRIEINFEIKESD, SERH
BT, FEREmEikEE AT RN SENINEMEREE, SETRERERTIE.
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4. FERTEHANEER T,

5. BB ERRE LIAIGF RSN, IEBIMMERG AT EERE (WE) .
() 3EKRIIBGEEREAB S RIATERE

1. R MBEEEBE RN LR IR, &2 12 BRlRINRREILL,

2. RREHTIRAOBE, NIBEMERkSERXET, USERE (WaE) .

3. 22 28 ELARIRR) LHAERFERRE, WTFHWOHRIB, EEFEbkEER MEIEFER
TE (HT—MER) . FRO. FRFMHEOCHRIERE, NLFEARE, EHRERNRAITEITE
Ik, TRIEEHAAR, WESRIEEEER.

4. YHRIGHAEZR 32 B LGERIAEIRS, XHELUSFIRTEONRB, BRIEERE
i3EanEihithn) LRESSRERY, RIRRAYTy, REFEOIIRETMUEE, JEFERD K.

(7%) IRSMRERS

RIMESRE (extracorporeal membrane oxygenation, ECMO) EidE5aik M SIEREE S | IR
Hb, |EFHIE —SREREARMECOMINEE RERE ORI EREE. B
FAREIAIMER, N—LEOIRF R SRR EARIBREH TEICEF, FOMmE
LAFR AR, FOIhseRI R ERSERME. HOMINgeRHkEseFiEL BRI IR SEFRIN
BERY, BIXEE ECMO, ECMO &nIERE, FREAEBXES, B MEEHZSYIR A
=, (BHORINEERIRE, (B ECMO AgearR™Eitsbks ESHRIMMEARTFRIRE. Eitt
FRERENBIEME, 125 ECMO #iatpitx: WE+—REN+=5).

() RAEEFSTURIIERE

BRIERIMERSMETHEEARE. ZAERNZNEEEEERNMEESETE IR
ERME, NERHEEE, GENANEEEAZSLTERIFAR. NBBMIRIFRIN
o), EEMHKESEEERRAUMNE FEEFESN. IFEEEME, NRAUEERREMRSE
REMKESBRIMRNAFEN, TTHERRERIE, SRR MIRSESE.

(J\) ZF=paEF AR AR I ERE DRYTTE

ZHARTBK S BRI FREFIIETRIREEE, (B3R EE DR
N EARRNARIBEFHEEMRKILE, iafrarar-AilERE FitEar T2R/MEE, FEEY
P, RIEEER. IMSIRE. 2GF (BROME) ML= R EEREA.

56 | 66



CASA Bulletin of Anesthesiology

1. BIFIBREREE RHRDERNTINEES K (FC) HBIVREETEALIRERERTE, ENER
IpoNEITIBRRSEESYD. EYMERINARSRZSHIREKEST N AKEITIEZ(SER). HEIZIER (IRE
AR B—MEASERIRIY AR, TIEFSKATME, MHm)viREREN FiBiAmIEEE,
FRERK, BEMKSERE OINREIFFEICTR, fEARR]. RPRAGEIIRL T, &bk
FENA. RAERNTEREMIKESETLASNALL. BrRARAFSRITIE.

2. BEER EEES 5 HPHIR BHERERES S {PRIRIAT AT RERALEINREAIE, SRR
3k, ITERERTNEN, RAERS KA.

3. {5EEEFR FTAU=IBEMIET KR NMEERFE, ARASEERERET.

4. —FitR SEREEUTRNERE—SWUET Kbk, EFEERIMTIRRE, B8
HEEhEERPEISR.

5. IEMINAZ BEFARIEMENDZYIRT SRS Bl T RN K DREEMER D, ™E
OINBEAEE BN A S LIRE.

(U) BbafkE R B EauEsars

FERMEREKEE (IPAH) | EBEMMEKEE (HPAH) 15X OIERSEHBFEKS
[EAN3GFRI MSSAIE. EtmieeEMhtaiikaE (CTEPH) NEBE, WREZETEGT, B
EERRS FEFRESKEESTT. 8 PAH BEEF- ISR R, D%
RO FEFRALUMREIEETER, LUSEMBILE. EEBETERERAEREER. #HY
CIBRFUER I (IANALLINEFEE. FMEIDEE. FIURAET) £ PAH BEFRIERTRFMEMAR, &
N ER.

(1) BbaBKEEZF- M ERERSIERR
HERSINERIT A EREEMEE TR E RV ORER T, SR,

MEXRERFIER RN RR MBI R AIRA/ B E S RIS [ T RAMERYRIMER
DRIERATE. BTzkEERENEENER, —BHIlREEXR. FREEMES
SK. BRRKELAUELD (PINERRBE FACPES. FEIUR PN SEERN/ SRV TRERRITTR).
—Bk4%E, FEHTREIEH MR TFINERAN, BEMEMOREIHELE, FTEEE
RUR, I TrTsEF XS R e A SRR MR AN I UL AY AT BE, ERILERZLATRBA 9= .

(+—) FBERXIFbEIEKE RIS
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WERRQTTHNERBZONEE, HIiBeEFEWdE. QUEXFAFSHEEEAIMEE. FEET
Mi7ERIREREET], (BREEREHERREIER, BOER (BfEKRY) (FRANERERTSEF
PEZEERRIVE. ONSEN/E0OERE, BEREEERDHOIRNENNRSEEINESE
RITEA. X TOMTHRERERF AN RN, JCEXThEREES, FHESSEUR
MELEE, LIftEEESR. R AGEIIEERNNA, FEMENNMREIRERE
R, EOMEBRAEN, GOELUAZRIRERISAEN, SEZERG RS,

BERNOMERNFRERERX, BRfARIAZ, LU<SUREEREE, Sll—ERERE
[EERBKREE, XILRANDFRRE.
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2022 ASA &

CASA BB ARV, #FMERILHR

1. ZHN BEMMEREE

Poster:

e Management of patient with prolonged brain hypo-perfusion in setting of type 1
aortic rupture

e Protamine reaction in a patient undergoing trans-catheter aortic valve replacement

e Blood transfusion is an independent risk factor for delayed discharge for COVID
patients after lung transplantation

e Effects of right ventricular function on ECMO duration and hospital stay after lung
transplantation due to sars-cov 2 related end stage lung disease

IR IENZ A ASA committees in 2022

e ASA committee member on transplant anesthesia
e Committee member ASA’s abstract review subcommittee on clinical circulation
e ASA Committee member on scientific and educational exhibition

2. Jeff L Xu, MD, FASA. Chief, Division of regional anesthesia & acute pain management
Westchester Medical Center/NY Medical College
Speaker:
Session PN 240. Novel Techniques in pain management for spine surgery

3.  Xiaowei Lu, Ning Miao, Andrew Mannes, MD
Department of Perioperative Medicine, Clinical Center, National Institute of Health

Poster: VVon Willebrand disease patient with high bleeding risk for combined hepatectomy
and nephrectomy

4, BEE B®

Poster:
e Patients with previous blood transfusions received more blood transfusion during
curative cancer surgery
e Complications of blood transfusion in curative cancer surgery: a prospective
observation study
e Anesthesia consideration for a patient with incidentally diagnosed anomalous origin
of right coronary artery originating from pulmonary trunk (ARCAPA): A case study
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5. VEA Hi%
Faculty: Faculty of ASA diagnostic POC_US workshop

6. ZF£E HW

e Speaker: Updates on ambulatory TJIA
e Speaker: How to minimize iatrogenic nerve injury by anesthesiologists

7. HARBE B
e Presenter: FAER Medical Student and resident Symposium
e Presenter: SOAP Research network Symposium
e Presenter: Maternal and Neonatal outcome in Morbidity parturient for elective
cesarean delivery at term under spinal anesthesia
e Keynote speaker: Chinese American Society of Anesthesiology Annual Meeting.

8. JTHE #R

Poster:
e Room air intravenous sedation is possible with a single syringe multimodal non-
opioid 6-2-2 sedation method
e Non-opioid multimodal single syringe mixture for ASA physical status class 4
patients undergoing ocular block and ophthalmic surgery

9. Ning Miao, Xiaowei Lu, Kevin Driscoll, Andrew Mannes, MD
Department of Perioperative Medicine, Clinical Center, National Institute of Health
Poster: Fatal Venous Air Embolism and Cardiac Arrest during Hepatectomy

RTFKEDRST, SEmE—L CASA EIITI1E ASA = FRIRIARSRET, L —FHEGH!
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FREREIIE 99 4Bl

ARE R TR Z R E BN
BRI ET HIE g
S 10 BE—MEIRESEECSNET, BIVENSTHISEERR 99 HHE,

EEIBEE, BAVESINIFERREFRERERR, B IADER, BRI0FHTH
THEHIFNBHEHE, LU EEAINEIRARRNESEE.

SHIRRTEMBEANCIRAZ—, NFPEREFSIAIAREIT 2EREN. BEL
tHE 50 8, SHRESFEIMFIFEERFERRSF BN LBRFAFTERNEFES
Bo, TEREURRIEN AR Y REERL, FRNFE—EREE. BIMERIEE FRREIRE,
PREFRIE N AARGEI KBENARSEN, MEEEREMEEEERTEMFR. MEEX
FIRERIRET, SRURAREME, TR, WNEFE, Einsre—MiizEmss. S
THESIHEREE. ASBEEHER. FEEASEREAANBBLONRESTAT, B
FEFGERERNA T PEMBEZ AT EANEEER, R THERRE—MmL. 13T
AR T RURTESHAKXERREFRZREGIFIITE, EhEMEEELGE T EERERN
AnOit(z, BIEEE, BESRS, BIEEMER, ERESHRXF—IEEEHBIRETH
FEMBHINE—ENEFRAVES I SHA T, PEMEFRIARNTEE, NSEESER, FL%HEE
TEHRHERER, ERENSTFEHEENE T KENHESARE. (FAZIINFEE,
HMNZRTMHEARFELE, BESTHNRITHAZNROEER, KBeARZ MR
BESEE, RAFRERREIERASIES, O 7 ZRAVZGESEID,

B 2005 FReSHITRFREE, BSINMIFEBXREEEEIISHRIZE, 8K
HIREFBEES, MERD, EEFMAHER/NEESTK, NEZRASE. RKEETRMA/N
F, PREEAE. XOBE, UBAMEINERREFBENGHRIE TIRENRT, THE
R, Bk, BOEHGREENRKE, WEEMNNXESERE, RRidE, FFREZEBRE,
ILATHEIE. BT RS ARZBREEHIRIVEBLESDW, RILiH, HEFEES,
Sz, ILAMLUEEHIRER 90 Z2HER. 1515 2019 FRAIEAEIEFHE, ERIXRTF
ZEHRRORNBIET, KRGV, BIREXHE, FEREHTFRSERIREE. FR. R
RE—HiRER, TTEREIE CHE) \+SFAAIRERENES IAF M B ER BRI T
NRFINER, BRRERES KR SRR FATWANRRR T T RE AR ERhY
HURA), BRI BEEXSRETERIXAIMEES, EHRFIEREEIEHAEETE
MR ERMRERIIKIIGE, AERERRRNEERNTEEE, X/L1FEPEREEER
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SREFNERENERSFREZ—, EHENSFERET ATEAFNERFR. 5% &
EHEN+FR, BIRBETHAERRZRAVREH S ARMEZEELGE TRNNEERR, &
ZEFEN PHPEFMREFASN", NERMEEERIRIKENE T RIFAIFM. 1998 F243
IEERNMENKT, mhkrhtext, OEigR, IRBEIRXHITH AR ARE BRI
KRETEBIBIE. FE—E, XURBAFERNRIKERE? EXREIXEFSRERMNRBET

EYEHSGENNS, (RETS, THSE, Beke, WEIOAN, BE. i, B
MTSEEER, WRNE , SABRERSIREOEE, BT, DBRK, ERE
3.

EREHREEIRTE, ALMEERIERE" . SHIEMEXFE—(IEERKE, BB,
FZEAN, FERF, MUESHSHFEENK, —EXEEF, nEEE, ER=RA, THEA
RIFHIAERE. HNSKELEZE, ELUXFRISIC, SREHNEID 99 ZERREK, #
BRI !

BEIMEHRILZENESBN, KzR%, KeEERAKNESH, Koigs 1 i Isi1TaE
%!
.

ERKR, EM, BEER, REBRE,
LLIBRFPEREIK, FELE, BERMEN. R OIBHE
5. BA  B¥
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MBEEERNESER, MEXMIIRS, AN E—ERNEEYM. BEEHR
& 7 BBEMIEE.
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S Q=

.

Bk, OITRIBH, FERIEE | RerAR, FIEGRIXT. MiHF, HR, EmRX
B, CARETR. S8FEENNRUREMRAINEHIGS.
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BWTEESE, A RMEIR.
iR, ARMEEER. R BRE

HE: SFLIMD.  CASA ARBESS

CASA Bulletin of Anesthesiology
Is an official publication of
Chinese American Society of Anesthesiology (CASA)
ISSN 2471-0733

NFE5RITZEEMRSGERF, WiliEA, HARIFUIMRIA CASA Bulletin of
Anesthesiology SFEHRIR, §582, 40, B2ERNE, HBRIGEE.

Email: chineseasa@gmail.com

CASAR 4

Facebook: CASA CASA [=] Fiﬁ [=]
WeChat: CASA Bulletin (o
=]t

Website: www.chineseasa.org

Page 65|66



