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Objectives
At the completion of this activity, pharmacists will be able to:

1. Determine the role of vasopressin in septic shock

2. Recommend appropriate clinical settings for corticosteroids in septic shock

3. Explain strengths and limitations regarding current angiotensin II data

At the completion of this activity, pharmacy technicians will be able to:

1. Identify advantages of vasopressin over catecholamine vasopressor

2. List endpoints that may be improved by corticosteroids in septic shock

3. Describe adverse events associated with angiotensin II



Vasopressin: PRO

(catecholamine-sparing & 

vasopressin-deficiency)



Catecholamine-sparing Strategy

• Catecholamine derivatives (e.g., 

NE, Epi) associated with adverse 

events and tachyphylaxis

• Increased catecholamine 

exposure associated with 

cardiotoxicity and greater 

mortality

Chest. 2013;143(3):664-71.



Sepsis-induced Myocardial Dysfunction

• Occurs in 25-50% of septic shock
• Left and right ventricular dysfunction

• Potential sequelae of substantially elevated catecholamine levels 
(adrenergic storm)

• Resultant downregulation of β-adrenoceptors

• Exogenous catecholamines (e.g., NE) ensure available β-
adrenoceptors stimulation but other receptors may be better target

Crit Care Med. 2009;13(5):230.



Vasopressin (AVP)

• Effects: vasoconstriction,

ACTH release, water retention

• Endogenous AVP production 

rises rapidly then sharply 

declines in septic shock

• Exogenous AVP (0.03-0.06 

units/min) may resolve this 

relative AVP-deficient state

Crit Care Med. 2003;31(6):1752-8.



Vasopressin and Septic Shock Trial (VASST)

• Similar mortality with AVP (mean 

initiation 12 hours) added to NE 

versus NE alone (as good as)

• Subgroup of “less severe” (NE≤14): 

non-significant reduction in 28-day 

mortality in NE+AVP group (26.5% 

vs. 35.7%, RR 0.74, 95% CI 0.55-

1.01)

N Engl J Med. 2008;358:877-87.



Vasopressin (VASST re-analysis)

VASST re-analysis with Sepsis-3 def:

• Similar mortality with AVP added to 

NE versus NE alone in all patients (as 

good as)

• Reduction in mortality with AVP added 

to NE when lactate ≤ 2 mmol/L

• May have a role in less critically ill; 

how do we know that up front?

Crit Care Med. 2017;45(6):940-8.



Vasopressin versus Norepinephrine (VANISH)
• AVP (n=205) vs. NE (n=204)

• Survival without kidney failure 
similar (57.0% vs. 59.2%, ARR -
2.3%, 95% CI -13.0 to 8.5%)

• Similar mortality at 28 days 
(30.9% vs. 27.5%, ARI 3.4, 95% 
CI -5.4 to 12.3)

• Similar outcomes to NE (as good 
as)

JAMA. 2016;316(5):509-18.



Early Vasopressin added to Norepinephrine

• Longer durations of hypotension associated with increased 
mortality in septic shock

• Randomized trial (NCT02454348)

• Formal protocol for vasopressor initiation for patients with septic 
shock in the institution during the study period (November 2015 
to June 2016)

• November 2015 to February 2016: NE monotherapy

• March 2016 to June 2016: NE and AVP (within 4 hours)

Pharmacotherapy. 2018;38(5):531-8.



Primary and Secondary Outcomes

Characteristic

NE+AVP 

(n=48)

NE alone 

(n=48)
p-value

Time to MAP target (h) 6.7 (6.4) 13.4 (18.6) 0.038

Mortality during hospitalization, n (%) 19 (46) 21 (51) 0.659

Mortality at 28 days, n (%) 19 (46) 18 (44) 0.824

ICU duration, d (mean ± SD) 7.07 (6.70) 6.52 (7.07) 0.717

Hospital duration, d (mean ± SD) 15.41 (11.79) 23.26 (22.96) 0.057

New-onset arrhythmia, n (%) 6 (15) 3 (7) 0.289

NE duration (h) 72.3 (80.2) 80.6 (84.6) 0.647

AVP duration (h) 50.9 (56.3) 59.7 (59.2) 0.581

Pharmacotherapy. 2018;38(5):531-8.



Time to Goal Mean Arterial Pressure

p<0.001

Pharmacotherapy. 2018;38(5):531-8.



Ann Intensive Care 2018;8:35



Considerations for Vasopressin Usage

• Use earlier in septic shock may provide better outcomes

• Identifying responders (and non-responders) is critical

• Dysrhythmias, right-sided cardiac dysfunction

• Cost control measures

• Infusion rate, IVPB size and concentration, RPh verification, MUE



TAKEAWAY:

Norepinephrine ± Vasopressin ≥ Norepinephrine



Vasopressin: CON

(unproven & costly)



Norepinephrine and Mortality Trap 

Chest. 2013;143(3):664-71.



0

1

2

3

4

5

6

7

8

1 truck 2 trucks 3 trucks 4 trucks

Houses Destroyed by Fire per Fire Truck Sent 

Houses
destroyed by fire

Graph made up by Jerry Altshuler 



Norepinephrine Dose Response 

Crit Care Med. 1991 ;19:1566-79

Br J Pharmacol. 1986;89:389-94.

NE



Alpha Receptor Regulation in Sepsis

Hepatology 1994;20:638-642



“Providing high-value 

care, specifically high-

quality care at the most 

reasonable cost, should 

be a primary tenet for 

every critical care 

practitioner”



Vasopressin Price Explosion 

Anesth Analg. 2018;127:1414-1420.



Vasopressin Avoidance

Ann Pharmacother. 2017 ;51:13-20.



VASST

N Engl J Med 2008;358:877-87.





VANISH

JAMA. 2016;316:509-518



VANISH

JAMA. 2016;316:509-518



Crit Care Med. 2017 ;45:940-948



Crit Care Med. 2017 ;45:940-948



Ann Intensive Care 2018;8:35



Intensive Care Med. 2018;44:1816-1825.



REBUTTAL Vasopressin: PRO

(safety & cost-effectiveness)
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N Engl J Med 2008;358:877-87.



VOLUME-CHASER: Vasopressor Dosage
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Figure 1: A- Vasopressor count over time; B- Mortality stratified by vasopressor dose categories at 6 and 24 hours* 

Prospective, observational cohort from 35 sites with 616 patients with septic shock

DA Hammond, personal communication



Make B1 Receptors Great Again (…by not overstimulating them)

JAMA 2013;310:1683-91.



JAMA. 2018 8;319:1889-1900. 



Cost-Effectiveness Considerations

• Cost control measures

• Infusion rate, IVPB size and concentration, RPh verification, MUE

• Cost of vasopressors small vs costs of complications

• NE ~$80 vs AVP ~$280 (per day)

• RRT ~$40,000 vs AKI without RRT ~$14,000

• NOAF ~$12,000 vs. no NOAF ~no cost



Breaking News

Crit Care. 2019;23(91)

28/30-day mortality



TAKEAWAY:

Vasopressin improves safety and its cost-

effectiveness should be evaluated



REBUTTAL Vasopressin: CON

(data inconsistent & 

contradictory)



Let’s Talk about β

Crit Care. 2016 ;20:407.



JAMA. 2017;3171433-1442.



JAMA. 2017;3171433-1442.



JAMA. 2018 8;319:1889-1900. 



Meta Analysis 

JAMA. 2018 8;319:1889-1900. 



Crit Care Med. 2019;47:e44-e51.



DOVSS Trial

Crit Care. 2018;22:131. 



Breaking News

Unpublished work by Hammond et al



Closing Thoughts

• Vasopressin never conclusively validated as a necessary therapy

• Potential benefits are inconclusive and contradictory  

• Significantly increased price makes cost-effectiveness an 

important question

• Best use would be early in septic shock management as a trial and 

discontinue if no benefits seen



Corticosteroids: PRO

(low risk, high reward)



Who wants con steroids? 



HPA Axis in 

Critical Illness 

Crit Care Med. 2017;45:2078-2088.



J Immunol. 2006 1;177:1967-74.



Glycocalyx

Crit Care. 2015; 19: 26.



Glucocorticoids and the Gylcocaylx

Basic Res Cardiol. 2009;104:78-89.



Annane 2002



CORTICUS 

N Engl J Med. 2008;358:111-24







Corticosteroids for 

Septic Shock? YES!



ADRENAL Results

N Engl J Med. 2018 1;378:797-808.



ADRENAL Safety

N Engl J Med. 2018 1;378:797-808.



APROCCHSS Results 

N Engl J Med. 2018;378(9):809-818



APROCCHSS Results 

N Engl J Med. 2018;378(9):809-818



APROCCHSS Safety

N Engl J Med. 2018;378(9):809-818



Corticosteroids: CON

(no mortality benefit)



Surviving Sepsis Campaign 2016



Decision Points

• Early in care (<12 or <24 h)

• Is this just sepsis without shock?

• If this is septic shock, is it predominately an SVR or CO problem?

• Will synergistic medications (e.g., vasopressin) be used too?

• Late in care (<24 h)

• If refractory septic shock, has the window of benefit passed?

• Do (non-mortality) benefits outweigh risks?



“Time” Points

• Sepsis

• Early septic shock

• Late(r) septic shock







“Time” Points

• Sepsis
• Steroids are not beneficial

• Early septic shock

• Late(r) septic shock









Reversal of Shock



“Time” Points

• Sepsis

• Early septic shock
• If moderately ill, no mortality benefit but faster shock reversal

• Late(r) septic shock







ADRENAL 6-month Mortality



“Time” Points

• Sepsis

• Early septic shock
• If moderately ill, no mortality benefit but faster shock reversal

• If severely ill, possible mortality benefit

• Late(r) septic shock
• No mortality benefit but faster shock reversal



TAKEAWAY:

Corticosteroids may provide a mortality benefit in a 

small subset of critically ill patients with septic shock



REBUTTAL Corticosteroids: PRO

(How and When)



Trial Comparison
Annane 2002 CORTICUS 

2008

ADRENAL 

2018

Annane 2018

N 299 499 3,800 1,241

Mortality benefit? Yes No No Yes

Control group mortality 63% 31.5 24.3% 49.1%

Time from shock onset ≤ 8 hours ≤ 72 hours 20.9 ± 90 hours ≤ 24 hours

Dosing Bolus Bolus Continuous Bolus

Taper? No Yes No No

Fludrocortisone? Yes No Yes No



Bolus vs CI 

Shock. 2019 . doi: 10.1097/SHK.0000000000001316. [Epub ahead of print]





REBUTTAL Corticosteroids: CON

(high risk data & adverse effects)



Best Practices in Sepsis Continuously Evolve

• Sepsis definitions (i.e., SIRS vs. SOFA)

• Standards of care (e.g., fluid choice, fluid amount, ScvO2)

• Vasopressors (dopamine saga)

• Steroids…



Data Informing Meta-Analyses

Crit Care Med. 1989;17(5):389-93.  Ann Surg. 1976;Sept:333-9.  N Eng J Med; 1987;317(11):659-65



Obi-Wan Kieobi quote adapted by Drayton



Intens Care Med. 2018;44(7):1003-16.



APROCCHSS Trial

• Large (though potentially still inadequate n) trial (n=1241) 

power to detect 10% mortality difference favoring steroids

• Steroids provided as IV bolus (50 mg Q6H) within 24 hours of shock

• Patients typically quite sick (NE ~70 mcg/min)

• Trial enrolled 8 years (stopped twice (2 years in total): drotecogin alfa and 

DSMB for quality of trial agents & serious adverse events)

• Mortality benefit at 90 days: 43% vs. 49.1% (RR 0.88 95% CI 

0.78-0.99, p=0.03)

• Fragility index = 3

• Similar mortality at 28 days (33.7% vs. 38.9%, p=0.06)



Fludrocortisone?

• Steroid group received fludrocortisone 50 mcg PO daily

• Is this even absorbed on norepinephrine 70 mcg/min?

• ~One-third of septic patients with unmeasurable serum fludrocortisone

• Is this even necessary or beneficial?

• Hydrocortisone has glucocorticoid and mineralocorticoid activity

• Data from COIITSS trial found no benefit with fludrocortisone + 

hydrocortisone vs. hydrocortisone alone (secondary outcome)



Corticosteroid Adverse Effects



Corticosteroid Adverse Effects



TAKEAWAY:

Adverse effects are common with corticosteroids



Closing Thoughts

• Faster shock reversal is likely (and meaningful)

• Mortality reduction is possible (earlier initiation & sicker)

• Adverse effects are overstated

• Best use would be early in septic shock management



Angiotensin II: PRO

(catecholamine-sparing & 

angiotensin II-deficiency)



Vasoplegia and Angiotensin II (AT2) Deficiency

• Uncontrolled vasodilation in vasodilatory shock that is 
hyporesponsive to catecholamine vasopressors

• Non-catecholamine options must be utilized (e.g., AVP, steroids, 
AT2)

• AT2 levels reduced in sepsis

• After 3 hours

• Endotoxin production from Gram negatives

• Pulmonary disease (i.e., ARDS, PNA) reduce endothelial 
conversion of AT1 to AT2

Ann Pharmacother. 2018;52(9):920-7.



RAAS Pathway

Ann Pharmacother. 2018;52(9):920-7.



ATHOS-3

• FDA approved in Dec 2017 to increase BP in adults with 

septic or other distributive shock based on ATHOS-3

• ATHOS-3 purpose: to determine if adding AT2 to 

background vasopressors will improve BP in patients with 

catecholamine-resistant vasodilatory shock

• 75 ICUs in 9 countries

• Dosing based on pilot studies

• 80% sepsis, 10% potentially sepsis

N Eng J Med. 2017;377(5):419-30.



End Points

• MAP response at hour 3Primary

• SOFA and SOFA-CV score changes

• All-cause mortality at days 7 and 28Secondary

• Serious and all adverse events

• Adverse event-related drug 
discontinuation

Safety

N Eng J Med. 2017;377(5):419-30.



ATHOS-3  
• Double-blind, placebo-controlled RCT

• Inclusion
• Cardiac index >2.3 L/min/m2 OR ScvO2 >70% with CVP >8 mm Hg

• MAP 55-70 mm Hg

• Intervention
• AT2 (n=163)

• 20 ng/kg/min starting rate, up to 80 ng/kg/min for goal MAP >75 mm Hg during the 
first three hours

• 1.25-40 ng/kg/min after three hours for MAP goal 65-75 mm Hg

• Weaned off at 48 hours unless hemodynamic instability

• Placebo (n=158)

N Eng J Med. 2017;377(5):419-30.



Baseline Vasopressor Use
AT2

(n=163)

Placebo

(n=158)

All Patients 

(n=321)

Vasopressin use during 6 h before 

randomization, n (%)
113 (69) 111 (70) 224 (70)

NE equivalents (mcg/kg/min), median 

(IQR)

0.33 (0.23-

0.56)

0.34 (0.23-

0.56)

0.34 (0.23-

0.56)

NE equivalent dosage (mcg/kg/min), n (%)

<0.35 83 (51) 83 (53) 166 (52)

≥0.35 to <0.5 34 (21) 27 (17) 61 (19)

≥0.5 46 (28) 48 (30) 94 (29)

N Eng J Med. 2017;377(5):419-30.



Primary and Secondary Outcomes
AT2 Placebo OR/HR (95% CI) p

Primary Endpoint

MAP response at 3 h, n (%) 114 (70) 37 (23) 7.95 (4.47-13.3) <0.001

Secondary Endpoints

Mean delta SOFA-CV at 48 h -1.75 ± 1.77 -1.28 ± 1.65 --- 0.01

Mean delta SOFA at 48 h 1.05 ± 5.5 1.04 ± 5.34 --- 0.49

Mean delta in NE-equivalent

dosage from baseline to 3 h
-0.03 ± 0.1 0.03 ± 0.23 --- <0.001

7-day mortality, n (%) 47 (29) 55 (35) 0.78 (0.53-1.16) 0.22

28-day mortality, n (%) 75 (46) 85 (54) 0.78 (0.57-1.07) 0.12

N Eng J Med. 2017;377(5):419-30.



MAP

N Eng J Med. 2017;377(5):419-30.



Norepinephrine Equivalent Dosage

N Eng J Med. 2017;377(5):419-30.



Conclusions

• AT2 generated higher MAP at hour 3 and lower 

catecholamine requirements

• AT2 was effective in patients unresponsive to low-to-

medium-dose conventional vasopressors (e.g., NE and AVP)

• Potential differences in adverse effects favoring control group

N Eng J Med. 2017;377(5):419-30.



Patients with AKI and RRT at Study Drug Initiation

Crit Care Med. 2018;46(6):949-57.



Patients with AKI and RRT at Study Drug Initiation

Crit Care Med. 2018;46(6):949-57.



Patients with High Severity of Illness

• Severity of illness metrics (APACHE II > 30 [n = 123] and 

MAP < 65 mm Hg [n = 102]) were pre-specified and 

analyzed for 28-day all-cause mortality

• MAP achieved: 69.9% vs. 23.4%, p<0.001

• 28-day all-cause mortality

• APACHE II >30: 51.8% vs. 70.8%, HR 0.62, 95% CI 0.39-0.98

• Baseline MAP <65: 54.2% vs. 70.4%, HR 0.66, 95% CI 0.40-1.09

Crit Care Med. 2018;46(1):3.



Patients with High AT1:AT2

Intens Care Med Exper. 2017;5(Suppl 2):44.



TAKEAWAY:

Angiotensin II has a role in catecholamine- and 

vasopressin-resistant septic shock, especially 

those with AKI (±RRT), high severity of illness, 

and/or high angiotensin I to angiotensin II ratio



Angiotensin II: CON

(Unclear benefit/clear harm)



Randomized to 
angiotensin II or 

saline placebo for 
48 hours

Titrate to a target 
MAP 75 mm Hg

Background 
vasopressors 

remain constant

Background 
vasopressors and 

intervention titrated

MAP of 65-75 mm 
Hg

Titrate to a target 
MAP 75 mm Hg

Background 
vasopressors 

remain constant

Background 
vasopressors and 

intervention titrated

MAP of 65-75 mm 
Hg

Design
Hours 0 – 3 Hours 3.25 – 48



This Feels Familiar…
N = 312

Improvement 

of MAP and 

sepsis

N = 797

Increased MAP

Increased 

mortality

Crit Care Med. 2004;32:1-12.

Crit Care Med. 2004;32:21-30.



AT-II Toxicities 



AT II Toxicities 



J Clin Invest. 1995;95:995-1001.

Am J Cardiol. 1997 6;79:12-6.



Variables Associated with Response



Crit Care Med. 2018;46:949-957.



Crit Care Med. 2018;46:949-957.



Benefit with Blocking RAAS?

Herz. 2018;43(2):140-145.



Closing Thoughts

• Raises BP well; uncertain if this leads to better outcomes though

• Adverse effects are legitimate concern

• Stewardship will be important given safety and financial concerns

• Ideal patients/compelling indications remain to be determined



Proposed Algorithm for 

Managing Hemodynamics in 

Septic Shock
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