











*As of April 3, 2022 tps://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html.



sponse phase

SOB without hypoxemia SOB with ARDS, shock, cardiac failure

hypoxemia
.

SOB=shortness of breath; ARDS=acute respiratory distress syndrome



* Treat underlying cause of ARDS
* Lung protective ventilation

PaO,:FiO,
<150 mm Hg

Pa0,:FiO,=ratio of partial pressure of oxygen in a
inspired air; PEEP=positive end-expiratory pressure; PaCO2 =partial p
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Veno-venous _J
(VV) E C M O Blood Drainage: Vein

Blood Reinfusion: Vein

Conditions Treated: ARDS; hypercapnic respiratory failure; bridge to lung transplantation;
primary graft dysfunction after lung transplantation

Abrams D, et al. Clin Chest Med. 2014;35:765-79.
Abrams D, et al. ] Am Coll Cardiol. 2014;63:2769-78.




Veno-arterial
(VA) ECMO

RV=right ventricle; LVAD=left ventricular assist device

Blood Drainage:
Blood Reinfusion:

Conditions Treated:

Vein

Artery

Cardiogenic shock (myocardial infarction, sepsis, post-cardiotomy);
fulminant myocarditis; pulmonary hypertension; cardiopulmonary
resuscitation; primary graft failure after heart transplantation;
bridge to VAD implantation or heart transplantation; prevention of
acute RV failure after LVAD implantation

Abrams D, et al. Clin Chest Med. 2014;35:765-79.
Abrams D, et al. ] Am Coll Cardiol. 2014;63:2769-78.
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Patient Cases

A 65-year-old man with interstitial lung disease and pulmonary
hypertension (PH), presenting with decompensated PH and RV

failure = desaturates despite high flow nasal cannula and non-
rebreather mask

Bridge to transplant

A 44-year-old woman presents with sudden cardiac arrest

(ventricular fibrillation) = conventional CPR performed for 12
minutes without return of spontaneous circulation

Bridge to decision

CPR=cardiopulmonary resuscitation

VA-ECMO

VA-ECMO












DRUG FACTORS DISEASE FACTORS

EXTRACORPOREAL FACTORS




Critical lllness

Decreased plasma Increased plasma
concentrations concentrations




Extracorporeal Membrane Oxygenation

Decreased plasma Increased plasma
concentrations concentrations




Other factors:




Lipophilicity

Octanol/water

Protein binding e
partition (log p)

Propofol 95-99%

Fentanyl 79-87%

Lipophilicity

Lorazepam 85-91%

Midazolam 97% 3.3

Molecular weight

Dexmedetomidine 94%

Hydromorphone 8-19%

Protein binding
l

Morphine 20-35%




Pharmacokinetic Changes
with Critical lliness and ECMO Circuit

Drugs that can be titrated Drugs that CANNQOT be
to endpoints titrated to endpoints
(e.g. sedation) (e.g. antimicrobials)










Analgesics and Sedatives
Simulated adult ECMO circuits

100
30

60

Percent

40

20

Morphine Midazolam Fentanyl
m 0 minutes 1440 minutes

Propofol

Shekar K, et al. Crit Care. 2012;16:194.
Lemaitre F, et al. Crit Care. 2015;19:40.
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Seda!tlve mfus!on exposure during the 6 hr 118 (48-225) 60 (37-99) 0.004
maximum period, mg

Days. of sedative infusion use prior to the 6 hr 4(1-8) 1(0.5-6) 0.004
maximum

Sedative infusion rate at the time 6 hr maximum 10 (5-22) 6 (4-12)

was reached, mg/hr







Proportion of ECMO days
with RASS > -2

Number of sedative
infusions while on ECMO

COVID-19 Positive COVID-19 Negative
(n=22) (n=22)
0.07

0.48 (0.32-0.87) 0.28 (0-0.69)

2.5 (1.0-3.0) 2.0 (1.0-3.0) 0.71

Total propofol dose
(mg/kg/ECMO hr)

Median (IQR)
Only the first 20 days after ECMO cannulation included

0.77 (0.46-0.98) 0.48 (0.34-0.84) 0.37

RASS=Richmond Agitation Sedation Scale Bohman JK, et al. J Cardiothorac Vasc Anesth. 2022;36:524-8.



Routinely assessment for pain, agitation, and delirium

Consider pain as a source of agitation

E

h 4
Target light sedation (vs. deep sedation)
Use propofol or dexmedetomidine as preferred sedative over

' benzodiazepines
| P =
~

| Preform rehabilitation or mobilization




*Severe respiratory failure:

* Requirements usually exceed standard
doses

* Establish daily sedative goals with
potential sedative reduction /
interruption when clinically indicated

* Anticipate significant dose reduction at
ECMO discontinuation

* Monitor for signs of delirium /
withdrawal
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Bridge to Decision
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* Therapeutic failures

Implications of
Inappropriate

Antimicrobial * Toxicity

Dosing
* Development of resistance




50% fT,\c achieved 56% 79% 81% 95%
50% fT. ,,mic achieved 28% 50% 49% 69%
100% fT,\yc achieved 33% 79% 67% 70%

100% fT. 4,ic @chieved 22% 71% 30% 42%

fT.mc= free drug concentration above minimum inhibitory concentration of dosing interval

16% of patients treated for infections did not achieve 50% fT,,, and were 32% less likely to
have a favorable outcome [OR 0.68 (95% Cl 0.52-0.91); p=0.009]

Roberts JA, et al. Clin Infect Dis. 2014;58:1072-83.



Concentration-dependent
(Cpiax/MIC)

Minimum inhibitoryee




Concentration-dependent with time
(Area under the curve (AUC)/MIC)

Minimum inhibitory-ee




Time-dependent

Minimum inhibitory




Beta-Lactam

Antimicrobial
Recommendations

» Use continuous infusions to optimize
pharmacokinetic and pharmacodynamic
parameters

* Employ therapeutic drug monitoring

* Early detection of subtherapeutic concentrations
* Decrease the risk of adverse events


















