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Learning Objectives
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● Recall vasopressor pharmacology and physiology

● Critically evaluate the literature surrounding vasopressor selection

● Apply the evidence supporting use of various vasopressors to daily clinical 

practice
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● Phenylephrine

● Ephedrine

● Vasopressin

● Dilute norepinephrine

● Concentrated norepinephrine

● Epinephrine

● Dopamine

● Angiotensin II

Vasopressors



• End-organ dysfunction is a major issue for surgical patients significantly 
impacting quality of life, recovery after surgery, and cost of care 1-8
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• Improved outcomes while maintaining intraoperative blood pressures 1-7 

• Vasopressor therapies, specifically the choice between phenylephrine and 
norepinephrine, are debated 9-13

Background
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Hypotension & Postoperative Outcomes 1-7



Vasopressors
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● Phenylephrine

● Ephedrine

● Vasopressin

● Dilute norepinephrine

● Concentrated norepinephrine

● Epinephrine

● Dopamine

● Angiotensin II
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● What patient or surgical factors contribute to your choice of vasopressor?

● What vasopressor options are available at each of your operative sites?

● Are there challenges to obtaining or using various options?

● Do we even know what the “best” option is?

● Which options are safe via peripheral IVs?

Rational Selection? Or Selection by Default?



Vasopressors
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14 Khanna A, English SW, Wang XS, et al. Angiotensin II for the Treatment of Vasodilatory Shock. The New England journal of medicine. 2017;377(5):419-430
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Dose Equivalency



Dose Equivalency

Infographic created by Jonathan P. 
Wanderer, Vanderbilt University Medical 
Center, Anesthesiology, 2017 15
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● Studies show norepinephrine is potentially superior to phenylephrine for 
some patient populations, given improved cardiac output 8-12 

Literature - Phenylephrine and Norepinephrine
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● ICU patients: phenylephrine was associated with increased 
mortality during a norepinephrine drug shortage 10

Literature - Phenylephrine and Norepinephrine
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● OB patients: improved cardiac indices were found with 
norepinephrine compared to phenylephrine when used during 
cesarean section 12, 13

Literature - Phenylephrine and Norepinephrine
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● No association between dilute peripheral norepinephrine infusions and 
complications due to peripheral IV extravasation or adverse events in 
>14,000 patients 16

● Other studies also showed no increase in complications of IV extravasation 
with dilute peripheral norepinephrine 12, 13, 16-18

New Safety Data - Dilute Norepinephrine
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Pancaro et al, Anesthesia and Analgesia, 2019 16

New Safety Data - Dilute Norepinephrine
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Pancaro et al, Anesthesia and Analgesia, 2019 16

New Safety Data - Dilute Norepinephrine
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Estimated risk of 0–2 adverse events per 10,000 patients 
(95% CI of 0%–0.021%)

Zero Complications

Pancaro et al, Anesthesia and Analgesia, 2019 16

New Safety Data - Dilute Norepinephrine
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● A reduced the risk of postoperative organ dysfunction was found with 
norepinephrine compared to ephedrine, but this study is confounded by 
different blood pressure thresholds in each protocol 5

● Ephedrine has been associated with worsened fetal acidosis compared to 
phenylephrine and norepinephrine 19,20

Literature - Ephedrine
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● Vasopressin can be used as an adjunct to norepinephrine for septic shock 
but does not improved mortality 21 

● In the VANISH trial, early use of vasopressin compared with norepinephrine 
did not improve the number of kidney failure–free days 22

● Preferential vasoconstriction of the systemic circulation, sparing the 
pulmonary circulation, great choice for pulmonary hypertension 23

Literature - Vasopressin
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● For septic shock, dopamine is associated with greater mortality and a higher 
incidence of arrhythmic events compared to norepinephrine administration 24

● Dopamine is able to be administered through a peripheral IV 25

● Epinephrine for refractory hypotension or cardiac arrest

Literature - Dopamine and Epinephrine
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17 YEARS…

Avoiding the 17-year lag26…
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● What patient or surgical factors contribute to your choice of vasopressor?

● What vasopressor options are available at each of your operative sites?

● Are there challenges to obtaining or using various options?

● Do we even know what the “best” option is?

● Which options are safe via peripheral IVs?

Rational Selection? Or Selection by Default?
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*Unpublished, unadjusted data 
from MPOG DataDirect
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● For non-cardiac cases without a central line, dilute norepinephrine use has 
increased over time:

Changes in Patterns of Use at Michigan Medicine 

Year Dilute norepinephrine used in any case (%) Dilute norepinephrine used in cases receiving 
any vasopressor (%)

2019 2.1% 3.8%

2020 9.8% 17.3%

2021 12.3% 21.4%
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*Unpublished, unadjusted data 
from MPOG DataDirect
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*Unpublished, unadjusted data 
from MPOG DataDirect
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Road to Change
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Approved Vasopressors at Michigan Medicine

● Phenylephrine (peripheral or central)

● Ephedrine (peripheral or central)

● Vasopressin (ideally central)

● Concentrated norepinephrine (central only)

● Dilute norepinephrine (peripheral or central)

● Epinephrine (ideally central)

● Angiotensin II (central only)
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● Phenylephrine (peripheral or central)

● Ephedrine (peripheral or central)

● Vasopressin (ideally central)

● Concentrated norepinephrine (central only)

● Dilute norepinephrine (peripheral or central)

● Epinephrine (ideally central)

● Angiotensin II (central only)

Approved Vasopressors at Michigan Medicine
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● Peripheral administration of dilute (4 mcg/ml) norepinephrine for bolus 
and/or infusion up to 0.08 mcg/kg/min, for use in adult patients in operating 
rooms and procedural rooms only and access limited to anesthesia 
providers

● 18g PIV or larger and adequate access to the PIV to assess site

Case example: Dilute Norepinephrine at Michigan Medicine
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● M&M Conference presentation

● CRNA staff meeting presentation

● Resident lecture presentations 
for each class

● Multiple small-group 
presentations for all PACU areas

● Emails and quality & safety 
announcements

Measures for Implementation



Concentrated for Central Access:
• 64mcg/mL
• Only formulation is the infusion 
bag via central line
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Dilute for Peripheral Access:
• 4mcg/mL
• May be used as a bolus or as 
an infusion using syringe pump

Central Concentrated vs. Dilute Peripheral Dose



Concentrated for Central Access:
• 64mcg/mL
• Bag Alaris Pump Library
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Dilute for Peripheral Access:
• 4mcg/mL
• Syringe Alaris Pump Library

Alaris Pump Changes for Infusions
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*Unpublished, unadjusted data 
from MPOG DataDirect
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Future Studies and Directions
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Thank you for your time!
Email: ajanda@med.umich.edu

Questions?

mailto:ajanda@med.umich.edu
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