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Objectives

• Define shock

• Describe impact of vasodilatory shock on individuals & society

• Discuss resuscitation principles & endpoints

• Highlight mechanism & significance of maintaining MAP

• Discuss angiotensin II history & role in vasodilatory shock



Disclosures

• Site investigator for ATHOS-3 trial

• Previously on Speakers’ Bureau for La Jolla Pharmaceuticals



Types of Shock

• Internal/external fluid/blood loss
Hypovolemic

(16%)

• Ischemia, heart failure, dysrhythmias, acute 
valvular dysfunction

Cardiogenic
(16%)

• PE, tamponade, tension PTX, abdominal 
compartment syndrome

Obstructive
(2%)

• Septic shock (94%)
• Non-septic (6%) → anaphylaxis, SIRS, acute 

pancreatitis, post-pump vasoplegia, neurogenic 

Distributive 
(Vasodilatory) 

(66%)



AHRQ 2016

More Sepsis Admissions

Presenter
Presentation Notes
Advances from the mid 1800’s to the present have helped us understand the pathophysiology of sepsis and led to improvements in the care of septic patients.  Most recently, the ProCESS, ProMISE, and ARiSe trials have highlighted the importance of early recognition and treatment and Sepsis -3 established new defnitions for sepsis and septic shock.  In large part due to this timeline highlighting the advances in sepsis identification and treatment there has been an increase in the recognition of sepsis as well as the attention devoted to this syndrome worldwide.



Sepsis & Hospital LOS



Sepsis Mortality Comparison
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Iwashyna TJ, et al. JAMA. 2010 Oct 27;304(16):1787-94.



What Is Shock?

At a cellular level, oxygen
consumption exceeds delivery

VO2 > DO2



Preload

Stroke Volume

Macro-circulation

Micro-circulation

Mitochondria

Oxyhemoglobin Dissociation



Macrocirculation

DO2

CO

HR SV

Preload

Blood 
Volume

Venous 
Compliance

Inotropy Afterload

SVR = 80 x (MAP-CVP)/CO

CaO2

1.34 x Hb x SaO2 + (0.003 x PaO2)



Microcirculation

A. Baseline:  near-normal microcirculation (MFI >2.6; POEM 4 [normal with mild heterogeneity])
B. Hour 66:  dysfunctional microcirculation (MFI 2.0; POEM 2 [impaired]), 12h before hypotension & ICU transfer

A B

Microcirculation, before and after CAR-T therapy

Normal baseline 12h before shock



Cellular Oxygen Unloading

Spiegel RJ, Winters ME, McCurdy MT.
Cerebral resuscitation: shifting away from the 
basics. Resuscitation. 2017 Dec; 121:e11.

Spiegel RJ, Kappler SB, McCurdy MT. 
What is the association with dissociation? 
JAMA Neurology. 2018; 75(12):1571-2.



Mitochondrial Function

Presenter
Presentation Notes
Discuss Marik’s article regarding vitamin C, thiamine, steroids  VICTAS




Resuscitation Principles

Diagnosing & Anticipating Badness
What am I dealing with?
What originally caused it?
What can result from the underlying problem or my treatment of it?

Concomitant Management
Source control – ASAP!

• Mechanical correction (e.g., percutaneous cholecystostomy, PICC removal)
• Antimicrobials

Supportive measures
• Cardiovascular – MAP ≥65 mmHg
• Lung – low tidal volumes
• Kidneys – avoid nephrotoxins
• Brain – avoid deliriogenic meds (e.g., benzodiazepines)



Endpoints of Resuscitation

Correction of metabolic acidosis

Optimization of end-organ function
Arnold RC, et al. Shock 2009 Jul; 32(1):35-9.
Hasanin A, et al. J Intensive Care. 2017; 5:24.

Lactate clearance >10% associated with improved survival



In Medicine (and life),
the sooner a problem is recognized 

and appropriately corrected,
the better the outcome.
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MAP Matters!



Low MAP in ED

ED hypotension common

19% (887 of 4790 patients) hypotensive

(SBP <100 mmHg)

Inpatient mortality

8% of hypotensive patients versus 3%
normotensive patients

Hypotension independently predicts in-
hospital mortality (OR 2.0)

Jones AE, et al. Chest. 2006; 130; 941-6.



Acute kidney injury Myocardial injury

Low MAP during Surgery

Risk of both kidney and cardiac injury increases with decreasing MAP 

Walsh M, et al. Anesthesiology. 2013; 
119:507-15.
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Presentation Notes
Speaker notes:
This study by Walsh and colleagues examined perioperative data for 33,330 noncardiac surgeries at the Cleveland Clinic, Ohio and illustrates adverse clinical consequences of low MAP during surgery: acute kidney injury (on the left) and myocardial injury (on the right).
As we can see, the risk of both increases with decreasing mean arterial pressure, particularly below 55-60 mm Hg, clearly demonstrating that hypotension is associated with serious adverse events.

Annotations
Intraoperative hypotension has the potential to cause an ischemia-reperfusion injury which may manifest as dysfunction of any vital organ.1 Walsh: Pg 508, Para 1.
Based on perioperative data from over 33,000 noncardiac surgeries, the MAP threshold where the risk for both acute kidney injury (AKI) and myocardial injury outcomes increased was less than 55 mm Hg.1 Walsh: Pg 510, col 2, para 2; Pg 511, Figure 3.

Walsh M, Devereaux PJ, Garg AX, et al. Relationship between intraoperative mean arterial pressure and clinical outcomes after noncardiac surgery: toward an empirical definition of hypotension. Anesthesiology. 2013;119:507-515.  




Low MAP in ICU:
Cardiac Injury, AKI, and Death

Maheshwari K, et al. Intensive Care Med. 2018; 44:857-67.



Do IV Fluids (Preload) Help?

Understanding the relationship among multiple hemodynamic variables 
is essential to target therapy to improve end-organ perfusion

“Preload” is often clinically synonymous with “volume load”
Readily available at bedside

Minimally invasive

Does not require “higher level of care”

Presumptively, diagnostic & therapeutic…



Hypovolemia is BAD

Death
• Massive hemorrhage
• Cholera

Kidneys
• In ~30k ICU pts, 26% AKI cases from hypovolemia

Chino S, et al. JAMA. 2005; 294:813-8.



Frank-Starling Curve

Knowlton FP, Starling EH. J Physiol. 1912; 4(3):206-19.
Markwalder J, Starling EH. J Physiol. 1914; 48(4):348-56.
Patterson SW, Starling EH. J Physiol. 1914; 48(5):357-79.



Why Even Assess Volume 
Status?

Only 50% of patients respond to an IV fluid bolus!

Corollary:  50% do not respond to an IV fluid bolus!

Primum non nocere
The half that doesn’t need IV fluid will have received a harmful therapy

Bentzer P, et al. JAMA. 2016; 316(12):1298-309.



Hypervolemia is BAD

Death
– Vera ST, et al. Crit Care. 2012; 16(5):R197.
– Bhaskar P, et al. Intensive Care Med. 2015; 41(8):1445-53.
– Marik PE. Ann Intensive Care. 2014; 4:21.
– Kelm DJ, et al. Shock. 2015; 43(1):68-73.
– Garzotto F, et al. Crit Care. 2016; 20:196.
– Payen D, et al. Crit Care. 2008; 12:R74.

Kidneys
– Prowl JR, et al. Nat Rev Nephron. 2010; 6:107-115.
– Bellomo R, et al. Crit Care Med. 2012; 40:1753-60.
– Bouchard J, et al. Kidney Int. 2009; 76:422-7.
– Raimundo M, et al. Shock. 2015; 44:431-7.

Lungs
– NIH-NHLBI ARDS Network. N Engl J Med. 2006; 354:2564-75.
– Rosenberg AL, et al. J Intensive Care. 2009; 24(1):35-46.
– Silversides JA, et al. Intensive Care Med. 2016 Oct 12. Epub
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I didn’t even mention the adverse effects of hypervolemia on the brain, heart, abdomen/nutrition, wound healing, etc.

-giving IVF to a patient that is whole-body hypervolumic but intravascularly hypovolemic with adequate end-organ perfusion is kind of paying off just the minimum amount on a credit card balance (puts a Band Aid on finances for that month, but the overall debt rapidly increases due to high interest rates)



Don’t “fill the tank.”
“Shrink the tank.”



Septic Shock Guidelines 
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Crystalloids (initial to ≥30 mL/kg)

Albumin (in patients requiring substantial amount of crystalloids)

Unable to maintain MAP ≥65 mm Hg

Norepinephrine (NE)

Vasopressin (added to NE to increase MAP or decrease NE dose)
-OR-

Epinephrine (added to NE to increase MAP)

Dobutamine
(hypoperfusion despite adequate fluid and use of vasopressor agents)  

Rhodes A, et al. Intensive Care Med. 2017; 43:304-77.
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Speaker notes:
This slide illustrates the stepwise approach, from volume resuscitation through vasopressor therapy, for managing severe hypotension in shock. It is from the “Surviving Sepsis Campaign Guidelines for Management of Severe Sepsis and Septic Shock,” which was recently updated in 2016 and recommends an initial target MAP of at least 65 mm Hg.
Volume resuscitation, most often with crystalloid solutions (eg, normal saline, Ringer’s lactate), is started within 3 hours of onset.
This approach has been shown to reduce risk of mortality if given within 3 hours of onset in patients with severe sepsis and septic shock. 
Vasopressor therapy is started if fluids are insufficient to maintain MAP ≥65 mm Hg.
Recommendations guiding vasopressor choice include sequential treatment starting with norepinephrine, followed by the addition of epinephrine or vasopressin when response to the first vasopressor is insufficient or when the first vasopressor is not tolerated due to significant toxicities.
Dopamine and dobutamine may be an alternative in certain situations and phenylephrine is generally not recommended.

Abbreviations: MAP, mean arterial pressure; NE, norepinephrine. 

Annotations
According to the 2016 International Guidelines for Management of Severe Sepsis and Septic Shock, the management of low MAP associated with distributive shock begins with volume resuscitation.1 Rhodes: pg 310, #2.
“Surviving Sepsis Campaign Guidelines for Management of Severe Sepsis and Septic Shock,” which was recently updated in 2016 and recommends an initial target MAP of at least 65 mm Hg.2 Rhodes: pg 310, Col 1, #6
We recommend that initial fluid resuscitation begin with 30 ml/kg of crystalloid within the first 3 hr. 1 Rhodes: pg 311, col 1, para 1; pg 323, col 2, #2.
When patients require substantial amounts of crystalloids, albumin may be added. 1 Rhodes: Pg 324, col 1, #4.
In the event that the patient is unable to maintain a MAP of at least 65 mm Hg, vasopressor therapy is recommended, with norepinephrine as the first choice vasopressor. The guidelines suggest adding either vasopressin (up to 0.03 U/min) or epinephrine to norepinephrine with the intent of raising MAP to target or adding vasopressin to decrease norepinephrine dosage.1 Rhodes: Pg 325, col2, #2.
Dopamine can be used as an alternative vasopressor agent to norepinephrine in highly selected patients, such as those with low risk of tachyarrhythmias and absolute or relative bradycardia. 1 Rhodes: Pg 325, col 2, #3.
Dobutamine can be used in patients who show evidence of persistent hypoperfusion despite adequate fluid loading and the use of vasopressor agents. Rhodes: Pg 325, col 2, #5.
The impact of phenylephrine on clinical outcomes is uncertain and its use should be limited until more research is available. Rhodes: pg 326, col 2, para 2. 

Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign: international guidelines for management of severe sepsis and septic shock: 2012. Crit Care Med. 2013 Feb;41(2):580-637.
Rhodes et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Intensive Care Med. 2017;43:304-377.
Cecconi M, De Backer D, Antonelli M, et al. Consensus on circulatory shock and hemodynamic monitoring. Task force of the European Society of Intensive Care Medicine. Intensive Care Med. 2014;40(12):1795-1815.







Are We Okay with
Existing Mortality?...

Severe vasodilatory shock
has 30-day

>50% mortality

Bassi E, et al. Crit Care Res Pract. 2013; 2013:654708.
De Backer D, et al. N Engl J Med. 2010; 362:779-89.





• Lessons from antibiotics for septic shock…
• Broad-spectrum antibiotics, then deescalate per antibiogram
• Earlier administration yields better outcomes

• Broad-spectrum vasopressors, then personalized approach?

• Balanced approach to most pharmacological interventions
generally yields synergistic benefits and
mitigates side effects

A New Approach Is Needed

Chawla LS, et al. Crit Care. 2019; 23:124.

Levine AR, et al. Crit Care Med. 2020. (In press)

Presenter
Presentation Notes
Chawla LS, Ostermann M, Forni L, Tidmarsh GF. Broad spectrum vasopressors: a new approach to the initial management of septic shock? Crit Care. 2019; 23: 124.



Sympathetic System
Adrenal medulla
Catecholamines ⍺ & ß receptors

Arginine Vasopressin Pathway
Posterior pituitary
ADH V1 & V2 receptors

Renin-Angiotensin-Aldosterone System (RAAS)
Kidney (renin), liver (angiotensinogen), lung (ACE)
Angiotensin II AT1 & AT2 receptors

Physiologic Response to 
Vasodilatory Shock

Chow JH, et al. AA Pract. 2018 Apr 23.



Physiologic Response to 
Vasodilatory Shock

Counterregulatory Systems 
for Blood Pressure 

Regulation

R
A

A
S

Norepinephrine
Angiotensin II

Vasopressin

Russell JA, et al. New Engl J Med. 2008; 358(9):877-87.
Khanna AK, et al. New Engl J Med. 2017; 377(9):419-30.
De Backer D, et al. New Engl J Med. 2010; 362:779-89.

Epinephrine

Presenter
Presentation Notes
Stress that managing all ICU patients requires having plans A through D in order to never be caught off guard.  In a similar fashion, our bodies have evolved over millions of years to develop a refined means of maintaining adequate blood pressure.




Catecholamines in
Blood Pressure Management 

Anti-hypertensives
• Beta-blockers

• Alpha1-blockers

• Alpha2-agonists

Anti-hypotensives
• Norepinephrine

• Epinephrine

• Dopamine

• Phenylephrine



Vasopressin in
Blood Pressure Management 

Anti-hypertensives
• Direct renin inhibitors

• ACE-Inhibitors
• Lisinopril most commonly prescribed antihypertensive in U.S.

• Angiotensin Receptor Blockers

• Angiotensin Receptor-Neprilysin Inhibitors

Anti-hypotensives
• Angiotensin II



RAAS in
Blood Pressure Management 

Anti-hypertensives
• Direct renin inhibitors

• ACE-Inhibitors
• Lisinopril most commonly prescribed antihypertensive in U.S.

• Angiotensin Receptor Blockers

• Angiotensin Receptor-Neprilysin Inhibitors

Anti-hypotensives
• Angiotensin II



RECAP

1) Shock is bad & may have many physiological causes

2) Maintaining an adequate blood pressure is important

3) How should we maintain BP?...
1) Excess fluids are bad

2) Pressors require escalation of care

4) 3 physiologic systems exist to regulate BP – which one?
1) Catecholamines  effective but dysrhythmias &     lactate

2) Vasopressin  50% effective and slow-acting

3) RAAS  ?... Sacha GL, et al. Ann Intensive Care. 2018; 8: 35.

McIntyre WF, et al. JAMA. 2018 May 8; 319(18): 1889–1900.

Presenter
Presentation Notes
Sacha GL, et al. Predictors of response to fixed-dose vasopressin in adult patients with septic shock. Ann Intensive Care. 2018; 8: 35.�
McIntyre WF, et al. Association of Vasopressin Plus Catecholamine Vasopressors vs Catecholamines Alone With Atrial Fibrillation in Patients With Distributive Shock: A Systematic Review and Meta-analysis. JAMA. 2018 May 8; 319(18): 1889–1900.



Go back to where you started, or as 
far back as you can, examine all of it, 

travel your road again and tell the 
truth about it. Sing or shout or testify 

or keep it to yourself: but know 
whence you came.

James Baldwin

(1924-1987)

Go Tell It on the Mountain, 1953

Presenter
Presentation Notes
My goals today are to:  1) highlight that this drug is nothing new, and it has been used successfully over many decades
			2) provide a deeper historical understanding about what the foundational underpinning was for the ATHOS trial

==========================

Baldwin was the son of a preacher and the grandson of a slave, and his voice continues to resonate 50 years after the publication of his first novel, Go Tell It on the Mountain (1953).
============
Know from whence you came. If you know whence you came, there are absolutely no limitations to where you can go.





Discovery & Isolation:
1930s

1898
Renin-angiotensin system discovered while reporting the pressor 
effect of rabbit kidney extracts  named ‘renin’

1931
Relationship between pathologic renal alterations and 
development of systemic hypertension

1934
Experimental hypertension induced in dogs by clamping renal 
artery

Tigerstedt R, Bergman PG. Skand Arch Physiol. 1898; 8:223-71.

Goldblatt H, et al. J Exp Med. 1934; 59:347-79.

Volhard F. Handbuch der Inneren Medizin, vol 6. Berlin: Springer Verlag; 1931:1-1023.

Presenter
Presentation Notes
Tigerstedt R, Bergman PG. Niere und Kreislauf. Skand Arch Physiol. 1898; 8:223-71.

Goldblatt H, Lynch J, Hanzal RF, Summerville WW. Studies on experimental hypertension, I: the production of persistent elevation of systolic blood pressure by means of renal ischemia. J Exp Med. 1934; 59:347-79.

Volhard F. Nieren und ableitende Harnwege. In: Bergmann G, Staehelin R, eds. Handbuch der Inneren Medizin, vol 6. Berlin: Springer Verlag; 1931:1-1023.





Discovery & Isolation:
1930s-1940s

1936
Argentinian group (Drs. Houssay, Fasciolo, Taquini, Braun-Menendez)
1) Induced HTN using Goldblatt technique  renal secretion of pressor similar to renin

2) Substance isolated  intense & fast-acting but brief pressor effect  named “hypertensin”

3) Venous blood from ischemic kidney of hypertensive dog  immediate & profound 
vasoconstrictrion

4) Identified RAAS pathway  kidney secreted renin, converting “hypertensinogen” to 
“hypertensin”

Indianapolis group (Dr. Irvine Page at Eli-Lilly Labs)

Identified octapeptide pressor formed through interaction of renin & its activator  “angiotonin”

Fasciolo JC, et al. J Physiol. 1938;94:281-93.

Houssay BA, Fasciolo JC. Bol Acad Nac Med. 1937; 18:342-4.

Braun-Menendez E, et al. Rev Soc Arg Biol. 1939; 15:420-5.

Leloir LF, et al. Rev Soc Arg Biol. 1940; 16:75-80.

Kohlstaedt KG, et al. Proc Soc Exp Biol Med. 1938; 39:214-5.

Page IH, Helmer OM. Proc Center Soc Clin Invest. 1939; 12:17.

Presenter
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Drs. Houssay (32 y/o disciple died of malignant HTN) was chair of physiology of U. Buenos Aires  Fasciolo, Taquini, Braun-Menendez



=================================================

Houssay BA, Fasciolo JC. Demostracion del mecanismo humoral de la hypertension nefrogena. Bol Acad Nac Med. 1937; 18:342-4.

Kahn JR, Skeggs LT, Shumway NP. Circulation. 1950; (1):363-8.

Basso N, Terragno  NA. History About the Discovery of the Renin-Angiotensin System. Hypertension. 2001; 38:1246-9.

Fasciolo JC, Houssay BA, Taquini AC. The blood pressure–raising secretion of the ischemic kidney. J Physiol. 1938;94:281–293. 

Braun-Menendez E, Fasciolo JC, Leloir LF, Munoz JM. La sustancia hipertensora de la sangre del rinon isquemiado. Rev Soc Arg Biol. 1939; 15:420-5.
Leloir LF, Munoz JM, Braun-Menendez E, Fasciolo JC. La secrecion de la renina y la formacion de hipertensina. Rev Soc Arg Biol. 1940; 16:75-80.

Kohlstaedt KG, Helmer OM, Page IH. Activation of renin by blood colloids. Proc Soc Exp Biol Med. 1938; 39:214-5.
Page IH, Helmer OM. A crystalline pressor substance: angiotonin. Proc Center Soc Clin Invest. 1939; 12:17.



Discovery & Synthesis:
1950s

1954
Skeggs discovers two types of angiotensin (angiotensin I & II), ACE, & renin substrates

1957
Angiotensin II synthesized (bovine formulation)  short shelf life

Dr. Irving Page at Cleveland Clinic

Dr. Robert Schwyzer at CIBA Laboratories in Basel, Switzerland
• Marketed pressor as “Hypertensin”

1957
U Michigan Conference:  Dr. Braun-Menéndez and Page agree on its name

“hypertensin” + “angiotonin” = “angiotensin”

Skeggs LT, et al. J Exp Med. 1954;99:275.

Braun-Menendez E, Page IH. Science. 1958; 127:242.

Schwyzer R, et al. Chimia. 1957; 11:335-8.

Schwarz H, et al. J Am Chem Soc. 1957; 5697-703.

Presenter
Presentation Notes
Dr. Leonard Skeggs @ what is now Case Western in Cleveland  his findings laid groundwork for modern RAS understanding



========================================
Skeggs LT, Marsh WH, Kahn JR, et al. The existence of two forms of hypertensin. J Exp Med. 1954;99:275.

Angiotensin synthesis
Schwarz H, Bumpus FM, Page IH. Synthesis of a biologically active octapeptide similar to natural isoleucine angiotonin octapeptide. J Am Chem Soc. 1957; 5697-703.

Rittel W, Iselin B, Kappeler H, Riniker B, Schwyzer R. Synthese eines hochwirksamen hypertensin II-amids. Helv Chim Acta. 1957; 40:614-6.
Schwyzer R, Iselin B, Kappeler H, Riniker B, Rittel W, Zuber W. Synthese von hypertensin-peptide: uber die partielle hydrolyse von hypertension-asp-B-amiden zu den entsprechenden dicarbonsauren: hypertension II-analogue. Chimia. 1957; 11:335-8.


Braun-Menendez E, Page IH. Suggested revision of nomenclature: angiotensin. Science. 1958; 127:242.




Normal Serum Levels in 
Humans

Normal levels of ang II in arterial blood are ~0.02 μg/L

Infusion dose 
= (basal concentration) x (volume distribution) ÷ (weight) ÷ (half-life)
= (0.02 mcg/L) x (1000 ng/mcg) x (25 L) ÷ (100 kg) ÷ (1 minute)
= 5 ng/kg/min

Catt KJ, et al. Br Med J. 1969; 1(5647):819-21.

Wolf RL, et al. Circulation. 1961 May; 23:754-8.

Presenter
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Catt KJ, Cain MD, Zimmet PZ, Cran E. Blood angiotensin II levels of normal and hypertensive subjects. Br Med J. 1969 Mar 29;1(5647):819-21.

Eyraud D, Mouren S, Teugels K, Bertrand M, Coriat P. Treating anesthesia-induced hypotension by angiotensin II in patients chronically treated with angiotensin-converting enzyme inhibitors. Anesth Analg. 1998 Feb; 86(2):259-63.  Department of Anesthesiology and Intensive Care, Hôpital de la Pitié-Salpétrière, Paris, France.

Sørensen SS, Danielsen H, Jespersen B, Pedersen EB. Hypotension in end-stage renal disease: effect of postural change, exercise and angiotensin IIinfusion on blood pressure and plasma concentrations of angiotensin II, aldosterone and arginine vasopressin in hypotensive patients with chronic renal failure treated by dialysis. Clin Nephrol. 1986 Dec; 26(6):288-96.  Aarhaus, Denmark




Angiotensin II in Clinical Use:
1960s-1990s

del Greco F, Johnson DC. JAMA. 1961; 178:994-9. 



Clinical Use:  1960s-1990s

Numerous case reports and experimental studies
Clinical use largely in Europe

>1,100 studies from 1941-1999 involving IV infusion of Ang II in humans

Ang II effects in humans with shock (SBP <90 mmHg or MAP <65 mmHg)?
24 studies (353 patients) published in English

Excluding ATHOS & ATHOS-3:  180 patients

Clinical use:  sepsis, cardiac arrest, heart failure, intraoperative, dialysis, ACE-I OD

Busse LW, et al. Crit Care. 2017 Dec 28; 21(1):324. 

Busse LW, et al. Crit Care Med. 2017 Aug; 45(8):1285-94.
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English
intravenous Ang II in humans for treatment of shock (SBP ≤ 90 mmHg or MAP ≤ 65 mmHg)
3743 articles identified, 24 studies including 353 patients met inclusion criteria


Sørensen SS, et al. Clin Nephrol. 1986 Dec; 26(6):288-96.
Eyraud D, et al. Anesth Analg. 1998 Feb; 86(2):259-63.

Busse LW, Wang XS, Chalikonda DM, Finkel KW, Khanna AK, Szerlip HM, Yoo D, Dana SL, Chawla LS. Clinical Experience With IV Angiotensin II Administration: A Systematic Review of Safety. Crit Care Med. 2017 Aug; 45(8):1285-94.




Angiotensin II in Shock
(1961-1998)

Cardiogenic, 
21% (38)

Septic, 29% (52)

Hemorrhagic, 8% (15) 

Neurogenic, 18%
(32)

Chronic dialysis, 
10% (17)

ACEI/CCB 
reversal, 2% (4)

Shock- unknown 
cause, 12% (22)

Busse LW, et al. Crit Care. 2017 Dec 28; 21(1):324. 

180 patients total

Presenter
Presentation Notes
Total:  335
Septic

Other types : hemorrhagic, neurogenic, shock associated with chronic dialysis),

Busse LW, McCurdy MT, Ali O, Hall A, Chen H, Ostermann M. The effect of angiotensin II on blood pressure in patients with circulatory shock: a structured review of the literature. Critical Care. 2017 Dec 28; 21(1):324. 



Angiotensin II:
Septic Shock

Del Greco
(n=7); JAMA

(1961)

Nassif (n=6);
JAMA  (1963)

Udhoji* (n=4);
NEJM  (1963)

Cohn* (n=6);
Arch Intern
Med/JAMA

(1965)

Overall

% Change (mmHg)* 37 175 82 63 89
Median Dose (mcg/min) 2.5 14 8
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Busse LW, et al. Crit Care. 2017 Dec 28; 21(1):324. 
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Del Greco
(n=2) ; JAMA

(1961)

Nassif (n=2);
JAMA (1963)

Weeden
(n=11); Am J

Cardiol (1963)

Beanlands
(n=17); Am J

Cardiol (1964)

Udhoji* (n=3);
NEJM  (1964) Overall

% Change (mmHg)* 48 194 97 100 216 131
Median Dose mcg/min 2.5 14 10 2 7
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Busse LW, et al. Crit Care. 2017 Dec 28; 21(1):324. 

Angiotensin II:
Cardiogenic Shock
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NO KNOWN MEDIAN DOSE FOR UDHOJI 




Angiotensin II:
Other Causes of Shock 

Nassif (n=6);
JAMA (1961)

Wallace (n=7);
Am Heart J.

(1967)

Moore (n=9);
Kidney Int.

(1989)

Eyraud (n=14);
Anesth Analg.

(1998)
Overall

% Change (mmHg) 330 47 25 140 136
Median Dose (mcg/min)* 14 1.5 2.9 2.5 5
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Hemorrhage Anesthesia Dialysis Introp - chronic ACE-I

Busse LW, et al. Crit Care. 2017 Dec 28; 21(1):324. 
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Nassif mostly were hemorrhagic 
Wallace :  Anesthesia (surgical patients)
Moore: hypotensive hemodialysis patients
Eyraud Treating anesthesia-induced hypotension by angiotensin II in patients chronically treated with angiotensin-converting enzyme inhibitors.




Angiotensin II:
Cardiac Arrest

Del Greco
(n=5) ; JAMA

(1961)

Nassif (n=4);
JAMA (1963)

Weeden (n=4);
Am J Cardiol.

(1963)

Beanlands
(n=5); Am J

Cardiol. (1964)
Overall

Absolute Change (mmHg) 63 156 113 100 108
Mean Dose (mcg/min) 2.5 14 10 2 7
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*14/18 had ROSC

McCurdy MT, et al. Crit Care Med. 2019 May; 247(5):e436. 

Busse LW, et al. Crit Care. 2017 Dec 28; 21(1):324. 
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Beanlands et al. 1964
5*
Cardiogenic
SBP: 0 mmHg
1,000-3,000 ng/min; 5-216h
↑ SBP≥100 mmHg*;

Nassif et al. 1963
4
Shock due to various aetiologies
SBP: 0 mmHg
�120,000-1,500,000 ng/min;
0.3-0.42h
↑ Mean  BP 156/85 
��Wedeen et al. 1963
4
Shock due to various aetiologies
SBP: 0 mmHg
2,000-21,000 ng/min; 1-67h
↑  Mean  BP to 113/81 
�Del Greco et al. 1961
5*
Shock due to various aetiologies
SBP: 0 mmHg
1,200-120,000 ng/min; 1-56h
↑ Mean  SBP to 63 mmHg; 

*Includes cardiac arrest patients who did not have a change in BP
Beanlands (⅗)�



End of an Era:  1990s

Continued but limited use in humans
Why?

• Evolving understanding of sepsis as a clinical entity
• Focus on increasing DO2?
• Desire for single-drug solutions to diseases?
• Focus on immunotherapy?

Meanwhile…
• Increased focus on RAAS-related hypertension  >20k PubMed citations 

for “ang II & HTN”

1996
CIBA-Geigy & Sandoz merge to form Novartis

Angiotensin II production halted

Bone RC, et al. Chest. 1992 Jun;101(6):1644-55.
Rackow, EC, et al. JAMA. 1988;259(13):1989-1993.
Villar J, et al. Chest. 1990; 98:3:687-92.
Bakker J, Vincent JL. J Crit Care. 1991;6(3):152-9.
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Presentation Notes
Incremental but minimal improvement in sepsis mortality (can it even be improved with this syndrome

===========
“Why do you rob banks?”
supposedly uttered in response to an interviewer’s query about why he robbed banks. While lore would have it that the bank robber replied “Because that’s where the money is” to that common question, Sutton denied ever having said it.
The earliest print sighting of the coined phrase dates to 15 March 1952, when it appeared in Redlands Daily Facts, a Southern California newspaper. Today it is so commonplace that a handful of social scientists have dubbed the process of considering the obvious first as “Sutton’s Law.”

The ”banks” in medicine are the treatment of large populations with multiple medications for the duration of their lives.

Busse LW, Wang XS, Chalikonda DM, Finkel KW, Khanna AK, Szerlip HM, Yoo D, Dana SL, Chawla LS. Clinical Experience With IV Angiotensin II Administration: A Systematic Review of Safety. Crit Care Med. 2017 Aug; 45(8):1285-94.


Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald WJ. Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference Committee. American College of Chest Physicians/Society of Critical Care Medicine. Chest. 1992 Jun;101(6):1644-55.�
Bone RC, et al. Chest. 1992 Jun;101(6):1644-55.
�Rackow, EC, Astiz ME, Weil MH. Cellular Oxygen Metabolism During Sepsis and Shock: The Relationship of Oxygen Consumption to Oxygen Delivery. JAMA. 1988;259(13):1989-1993.��Villar J, Slutsky AS, Hew E, Abemian A. Oxygen Transport and Oxygen Consumption in Critically III Patients. Chest. 1990; 98:3:687-92.��Bakker J, Vincent JL. The oxygen supply dependency phenomenon is associated with increased blood lactate levels. J Crit Care. 1991;6(3):152-9.




Renewed Focus on
Distributive Shock:  2000s

EGDT highlighted multimodal approach to sepsis
Mortality could improve Surviving Sepsis Campaign

VASST explores use of other vasopressors
Explores if a more balanced vasoactive approach may improve outcomes

Russell JA, et al. N Engl J Med. 2008 Feb 28;358(9):877-87.

Rivers E, et al. N Engl J Med. 2001 Nov 8;345(19):1368-77.
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Presentation Notes
Hypertension shifted to pursue a more balanced approach to therapy  the same occurred for shock

Increased appreciation of catecholamine toxicity

Russell JA, Walley KR, Singer J, Gordon AC, Hébert PC, Cooper DJ, Holmes CL, Mehta S, Granton JT, Storms MM, Cook DJ, Presneill JJ, Ayers D; VASSTInvestigators. Vasopressin versus norepinephrine infusion in patients with septic shock. N Engl J Med. 2008 Feb 28;358(9):877-87.��Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E, Tomlanovich M; Early Goal-Directed Therapy Collaborative Group. Early goal-directed therapy in the treatment of severe sepsis and septic shock. N Engl J Med. 2001 Nov 8;345(19):1368-77.�



Bellomo, 2009

Wan L, et al. Crit Care. 2009;13(6):R190.

↑ UOP >7x control
(p <0.0001)

↑ creat clearance
(p <0.05)

Presenter
Presentation Notes
2009  Rinaldo Bellomo’s group tests angiotensin II in experimental sepsis model in sheep (Critical Care)  E. coli intravenously after multiple rounds of surgically inserted arterial (asc aorta, L main, carotids, renals, SMA, IMA) flow monitors over multiple weeks preceding the experiment
At this point, however, practically an entire generation of physicians had not used the drug

“In a model of hypotensive hyperdynamic sepsis, we examined the systemic and regional hemodynamic effects and renal functional effects of intravenous Ang II infusion. We found that Ang II at a dose titrated to restore MAP to baseline levels induced systemic vasoconstriction with limited vasoconstrictive effects on the mesenteric but not coronary or iliac vascular beds. We found, however, that Ang II decreased RBF and renal conductance to pre-sepsis levels, while increasing urine output, creatinine clearance and fractional natriuresis…. In our model of hyperdynamic sepsis, we found intense renal vasodilatation and increased RBF, as previously reported [8,9]. Despite renal hyperemia, there was a significant decline in renal function, as shown by the decreased urine output and creatinine clearance. These changes suggest a marked reduction in glomerular filtration rate (GFR) and its major determinant, intra-glomerular capillary pressure. The effect of Ang II on urine output, creatinine clearance and natriuresis occurring in the setting of renal vasoconstriction and decreased RBF, as seen in our study, is consistent with the hypothesis that Ang II causes an increase in glomerular filtration pressure, possibly through selective efferent arteriolar vasoconstriction or changes in mesangial cell tone or both.”

Wan L, Langenberg C, Bellomo R, May CN. Angiotensin II in experimental hyperdynamic sepsis. Crit Care. 2009;13(6):R190.




Ang II & Renal Function



Pre-ATHOS

2009
Patent for synthetically-derived human molecule of ang II

2013
Larry Busse, working with Mink Chawla at George 
Washington University, obtains synthetically-derived human 
molecule of Ang II from a German company that produces 
designer peptides

2014
ATHOS trial published

Chawla LS, et al. Crit Care. 2014 Oct 6;18(5):534.
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Chawla LS, Busse L, Brasha-Mitchell E, Davison D, Honiq J, Alotaibi Z, Seneff MG. Intravenous angiotensin II for the treatment of high-output shock (ATHOS trial): a pilot study. Crit Care. 2014 Oct 6;18(5):534.



ATHOS-3

• International, randomized, double-blind, placebo-
controlled trial

• 9 countries, 75 ICUs

• 344 patients randomized in 1:1 fashion to standard of care 
plus either angiotensin II or saline

• Primary outcome: 3-hour MAP after start of infusion
• Baseline increase of ≥10 mmHg or increase to ≥75 mmHg,

• without increase in dose of background vasopressors

Khanna AK, et al. N Engl J Med. 2017 Aug 3; 377:419-30.



ATHOS-3



ATHOS-3
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severely ill patients with Acute Physiology and Chronic Health Evaluation (APACHE) II scores >30 were shown to have significant mortality benefit when administered Ang-2 and SOC vasopressors rather than SOC vasopressors alone (51.8% Ang-2 vs. 70.8% SOC, HR 0.62, 95% CI 0.39-0.98, p=0.037).(23) 



Mortality?
• As compared to other vasopressors, no single 

vasopressor has been shown to improve mortality
• Optimal clinical outcomes in patients with severe, 

life-threatening disease result from the cumulative 
effect of many minor interventions done properly 

• There are outcomes much worse than death…

MAP increase

Choosing A Study Endpoint?



Renal Replacement Therapy

Tumlin JA, et al. Crit Care Med. 2018 Jun; 46(6):949-57.

Primary outcome:  28-day survival

53.2% survival

29.6% survival



Survival According To
Ang 1:Ang 2 Ratio

Bellomo R, et al. (Unpublished)

55% survival

35% survival

HR 0.56 (p<0.01)



Physiologic Repletion

Ham KR, Boldt DW, McCurdy MT, et al. Ann Intensive Care. 2019 Jun 3;9(1):63.

Primary outcome:  28-day survival by Ang II dose (≤5 vs >5 ng/kg/min at 30 min)

67% survival

41% survival



Who May Benefit?:
Existing RAAS Deficits

• Liver failure  Decreased angiotensinogen production

• Premorbid ACE-I use  Lisinopril #1 antihypertensive in U.S.

• Intrinsic ACE defects  Sepsis, ARDS, Extracorporeal therapies

• RRT

• ECMO

• Ang1/Ang2 ratio

• High renin

• APACHE >30

• Cardiac arrest  MAP, so     CPP;     epi

Coleman PJ, et al. Semin Cardiothorac Vasc Anesth. 2019 Sep 20:1089253219877876.

Evans A, et al. Ann Thorac Surg. 2019; 108:e5-7.

McCurdy MT, et al. Crit Care Med. 2019 2019 May;47(5):e436.

Bellomo R, et al. Crit Care. 2020. (Accepted for publication)

Tumlin JA, et al. Crit Care Med. 2018 Jun;46(6):949-957.

Gleeson PJ, et al. Crit Care Med. 2019 Feb; 47(2):152-8. 

Carpenter JE, et al. J Emerg Med. 2019 Sep; 57(3):339-44.

Szerlip H, et al. Crit Care Med. 2018; 46(1):3. 



Men must be taught as if you 
taught them not,

And things unknown proposed as 
things forgot.

Alexander Pope
An Essay on Criticism, 1709, pt.iii, 1, 15
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Presentation Notes
The bottom line is that, if you believe that blocking the RAAS is an effective means of decreasing BP, how would you then believe that enhancing the RAAS is similarly effective in raising BP??



Questions?

drmccurdy@gmail.com

www.CCProject.com
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