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INTRODUCTION [ )

In operation room , vasodilation is also frequently encountered aft
er induction of general anesthesia and administration of neuraxial

local anesthetics

Treating hypotension is critical in preventing adverse outcomes

Several pharmacological interventions are available to rapidly
treat hypotension due to vasodilation, different mechanisms and

distribution of target receptors


http://www.pptmon.com/
http://www.pptmon.com/

TYPE OF SHOCK 01. 02.

Distributive Cardiogenic
03. 04.
Obstructive Hypovolemic
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Mechanism of vasodilation
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Mechanism of vasodilation
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Mechanism of vasodilation
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Vasoactive

agent
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Norepinephrine

The 1st line agent for the treatment of
vasodilatory shock

LOT/EXP Area

-
A

NDC 0409144355 Rx only 4 mL

Levophed” Endogenous sympathetic hormone

norepinephrine bitartrate
injection, USP

4 mg/4 mL g mgmy

Vasoconstrictor effect are mediated by

Each mL contains norepinephrine
bitartrate equal to 1 mg

worepnophin i, agonism of “al receptors”

DILUTE BEFORE USE.
PROTECT FROM LIGHT.

Mfd. by Hospira, Inc.
Lake Forest, IL60045 USA
NOVAF ®
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Norepinephrine High dose

Increase pulmonary vascular resistance
Increase myocardial workload
Severe hypertension

wocous1st5.55 R only 4 mL Systemic vasoconstriction

,!;ﬁ"gp'!,?f, Impair perfusion of the mesentery

injection, USP

4 mg/4 mL (1 mgmy Organ dysfunction
FOR INTRAVENOUS INFUSION ONLY. M eta bOIiC aCidOSiS

LOT/EXP Area

Each mL contains norepinephrine
bitartrate equal to 1 mg
norepinephrine base.

DILUTE BEFORE USE.
PROTECT FROM LIGHT.

Mfd. by Hospira, Inc.
Lake Forest, IL60045 USA

NO ®
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Norepinephrine Clinical use

e Initial dose 0.08-0.12 mcg/kg/min

wocows1uz55_ R oy 4 ml No study has detect dosing difference in the

..E%"ﬁ"'l?&'? elderly population

injection, USP

4 mg/4 mL g mgmy

FOR INTRAVENOUS INFUSION ONLY.

Each mL contains norepinephrine

Desensitization and tachyphylaxis from
orepinopirie Date, phosphorylation and internalization of al

DILUTE BEFORE USE.

PROTECT FROM LIGHT. rece ptO )

Mfd. by Hospira, Inc.
Lake Forest, IL60045 USA

NO ®
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Vasopressin
2nd line agent

NDC 0517-0410-10 Each mL contains:

VASOPRESSIN Vasopressin 20 units,

INJECTION, USP Sodium Chloride 9 mg,
Synthetic Chlorobutanol 0.5% (as a

preservative), Water for
20 units/mL (200 Units/10 mL) P85S LA o

Vasoconstrictor effect are mediated by
agonism of “Vla receptors”

Lot / Exp.

ith Acetic Acid.
10 mL i
MULTIPLE DOSE VIAL i

FOR IM OR SC USE ONLY,  ysyal Dosage: See

Rx Only Package Insert.

AMERICAN REGENT, INC: Rev. 5/11
| SHIRLEY, NY 11967

Endogenous peptide hormone
synthesized
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Vasopressin

NDC 0517-0410-10 Each mL contains:

VASOPRESSIN Vasopressin 20 units,

INJECTION, USP Sodium Chloride 9 mg,
Synthetic Chlorobutanol 0.5% (as a

preservative), Water for
20 units/mL (200 Units/10 mL) ioction ore. pH adivsfed

with Acetic Acid.
10 mL Store below 23°C (73°F).

V2 receptor : retention of free water
and release of VWF , factor VIII, tissue

o poseviaL  Sorebeow2 plasminogen activator , vasodilation

FOR IM OR SC USE ONLY,  ysyal Dosage: See

Rx Only Package Insert.
AMERICAN REGENT, INC. Rev. 5/11

P| V3 receptor :increase
adrenocorticotropic hormone
production
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Vasopressin
Recommended rate 0.03 u/min

NDC 0517-0410-10 Each mL contains:

VASOPRESSIN Vasopressin 20 units,

INJECTION, USP Sodium Chloride 9 mg,
Synthetic Chlorobutanol 0.5% (as a

20 Units/mL (200 Units/10 mL) Preservative), Water for

> 0.03 u/min associated with cardiac and
mesenteric ischemia

Injection q.s. pH adjusted

Lot / Exp.

with Acetic Acid.
10 mL Store below 23°C (73°F).

MULTIPLE DOSE VIAL
FOR IM OR SC USE ONLY B‘S’J;T*Sjjé’;’e: -

Rx Only Package Insert.

AMERICAN REGENT, INC: Rev. 5/11
| SHIRLEY, NY 11967

No study has detect dosing difference in the
elderly population

Start vasopressin early when NE > 0.15
ug /kg/min
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Vasopressin

Synthetic analogues

Terlipressin : V1, V2 receptor

Long half life 4-6 hr

Superior to vasopressin in septic shock
Limit to give bolus medication during
vasodilatory shock

Selepressin : selective V1 receptor
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Epinephrine

3rd line agent

RL2361 (11/07) Endogenous sympathomimetic

00 1A L :
ImL  NDCOM3-72¢1-51 catecholamine

Epinephrine
Injection, USP

1:1000 Vasoconstrictor effect are mediated by
I stimulation of “al receptors”

Hospira, Inc., Lake Forest, IL
60045 USA X only  Hospira
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Epinephrine

Higher affinity for B2 receptors > al receptors

RL2361 (11/07) Dose dependent
RO
1mL  NDCO4S-7241-61
Epinephrine
Injection, USP 2-10 ug/min >10 ug/min
1:1000 g/ g/
Hospira, Inc., Lake Forest, IL
[ coususn Bowy oo Low to moderate dose Higher dose
B2 receptors : al receptors :
1 inotrope 17 SVR , MAP

| SVR
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Phenylephrine

NDC 064161422

Phenylephrme :
HClInjection, USP s 4, Sl e

10 mg/mlL

For Intravenous Use  Jciu Sosace see packase s, —=
h

25 x 1 mL Single Dose Vials  PROTECT FROM LIGHT, Keep covared ==
o In cartoe uetl lime of use,

"lsc;\qD UN““LF P()RHO” Store 920" 0 25'CH “ 0 n(m = 3

N— * VEST-WaARD US? Conlralied Aoam Tamgeratire)
t — . AIHH00

Not recommended for the routine
management of septic shock

Important role in the management of other
forms of vasodilatory shock

Exogenous selective “al agonist”
Increase venous return and cause reflex

bradycardia secondary to systemic
vasoconstriction
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Phenylephrine

Routine used in the perioperative setting for the
short-term treatment of hypotension

Not recommend in septic shock : flactate, |

NDC 064161422

Phenylephrine G- 2 :
,,c,,,,,e‘ﬁ,m': USP St g renal clearance , |hepatosplanchic blood flow

10 mg/mlL

" 255ary. ]
For Intravenous USe  [e . tosase see packase insert, —=

25 x 1 mL Single Dose Vials  PROTECT FROM LIGHT, Keep covered =5 i
DISCARD UNUSED PORTION sy 1 20" 1. 25°¢ 188 1 77°F) tSee — | Tac hyp hyl axls
wiw W WEST-WARD US? Comtralied Roam Temperatre)

(e T ) Dose :
Bolus : 10-200 ug
Infusion : 0.05-2 ug/kg/min

Age has effect on the dose response > titrating
dose
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Dopamine

=
3
|

*Dopamine Hydrochloride

Injection U.S.P

INJECTION

5 Ampoules of 5ml each

Endogenous catecholamine

Should only used for vasodilatory shock in
highly selected populations with relative
bradycardia

Agonism of “D1-type receptors”

Increase cardiac output
(inotropic and chronotropic effect)
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Dopamine
D1-type receptors (D1 and D5)

Direct arterial vasodilation

%Dopam.ine Hydrochloride :3
Injection U.S.P

INJECTION %‘

D2-type receptors (D2, D3, D4)
Increase smooth vascular tone

5 Ampoules of 5ml each

—eee .
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Dopamine
Dose dependent

e 58
Dopamine .Hydrochlondej
Injection US.P
0.5-2 ug/kg/min 2-10 ug/kg/min >10 ug/kg/min
| L Low dose Intermediate dose High dose
| D1-type receptors B1 receptors >>> a receptors >>>
i chronotropy, vasoconstriction

inotropy, lusitropy
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Dopamine
Not used for the routine management of

vasodilatory shock

%Dopam.ine Hydrochloride :3
Injection U.S.P

Useful in the subset of patients with impaired
systolic heart function

INJECTION

5 Ampoules of 5ml each
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Dobutamine
Synthetic catecholamine

20 mL sige-dosoFippvial__ Fxonly  NDC 040-2344.01 Used for cardiogenic shock

. Each mL contains: 12.5 mg dobutamine, as

the hydrochloride; sodium metabisulfite,

D_ 0 B U Taml ne 0.2 mg added. May contain hydrochloric

Injection, USP acid and/or sodium hydroxide for pH
adjustment.

250 mg/ZO ml_ For information on dilution, dosage, and
(1 25 m /mL) administration: See insert.
-0 Mg Use within 24 hours after dilution.
MUST BE DILUTED PRIOR TO USE. Discard unused portion.
FOR INTRAVENOUS USE ONLY.
Distributed by Hospira, Inc., Lake Forest, IL60045USA ~ RL-7041 Hospira

Not be used in vasodilatory shock

B
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Dobutamine Negative enantiomers

Predominate al receptors agonist

20 L Sngo-dossFipuwpVial _ Fxonly  NDC 0409-2344-01 || Weak B1,2 receptors agonist
Each mL contains: 12.5 mg dobutamine, as

D 0 B U Ta mi ne the hydrochloride; sodium metabisulfite,

R s 0.2 mg added. May contain hydrochloric
Injection, USP acid and/or sodium hydroxide for pH

adjustment.

250 mglzo mL For information on dilution, dosage, and

(1 9 5 mg/mL) administration: See insert. “ - = -

: Use within 24 hours after dilution. -

MUST BE DILUTED PRIOR TO USE. Discard unused portion. | POSltlve enantlomers
FOR INTRAVENOUS USE ONLY. !
Distributed by Hospira, Inc., Lake Forest, IL60045USA ~ RL-7041 Hospira |

BT

Predominate B1,2 receptors agonist
al receptors antagonist
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Negative enantiomers

Predominate al receptors agonist
Weak B1,2 receptors agonist

Positive enantiomers

Predominate B1,2 receptors agonist
al receptors antagonist
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Dobutamine

Each mL contains: 12.5 mg dobutamine, as
the hydrochloride; sodium metabisulfite,
0.2 mg added. May contain hydrochloric
acid and/or sodium hydroxide for pH
adjustment.

For information on dilution, dosage, and
administration: See insert.

Use within 24 hours after dilution.

DOBUTamine

Injection, USP

250 mg/20 mL
(12.5 mg/mL)

MUST BE DILUTED PRIOR TO USE. Discard unused portion.

FOR INTRAVENOUS USE ONLY.
Distributed by Hospira, Inc., Lake Forest, IL60045USA ~ RL-7041 Hospira

I

B
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Rescue
agents
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Rescue agents .

122 Corticosteroids
Methylene blue

Thiamine
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Corticosteroids

1st line rescue agents

Cortisol 1st corticosteroid released by
HPA axis

Sensitivity to Ang-2 ,NE , Epi :
mediation of vasoconstriction

Decrease production of NO :
mediation of vasodilation
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Corticosteroids Steroid in vasodilatory shock is safe

Increase rate hyperglycemia

Not result in increase rate of serious
adverse events
(Gl bleeding , superinfection)
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Methylene blue Inhibits NOS and guanylyl cyclase

Preventing vasodilation
Increase MAP , SVR without HR

g=-=,

Utilizes mechanism distinct from
vasopressor

methylene blue

Proveblue’
injection

.—OO
=
o
T+
b o)
v Nk
i
-
™
.\
-
H~
»

£ chloride Proveblue

‘Methyithioninium
3' 5 mg/ml Injection

£
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Methylene blue Administered intravenous dose
1-2 mg/kg over 15 minutes

Followed infusion 0.5 mg/kg
over 6 hours

g=-=,

OmL) DM
2 LAt 50me

methylene blue

injection
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f
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Thiamine Vitamin B1 is an essential cofactor in
the Krebs cycle

Deficiency interrupts the oxidative

energy pathway
- increase anaerobic metabolism
- increase lactic acid production
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Thiamine
Benefits in thiamine deficiency

High prevalence of thiamine
deficiency in septic shock

Current finding suggest thiamine is
unlikely to be universal
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Emerging

agents
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Ascorbic acid

Emerging therapeutic option for the
treatment of septic shock

Cofactor in biochemical pathway for
synthesis of catecholamine

Supplement in vasodilatory shock
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Ascorbic acid

Vitamin C is required to synthesize catecholamines

OH
NH;

L-Tyrosine

HO O, + Tetrahydrobiopterin

Tyrosine Ascorbic
hydroxylase acid

H,0 + Dihydrobiopterin
O
HO
L-DOPA
NH;

HO
DOPA decarboxylase

HO.
Dopamine m
HO N

0, + Ascorbic acid

Dopamine B-hydroxylase

H;0O + Dehydroascorbic acid

Norepinephrine

Phenylethanolamine
N-methyltransferase

HO
Epinephrine

HO

Zipursky JS et al. BMJ Case Rep 2014; PMID 24859547
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Angiotensin Ii Natural hormone in RAA system

Activation of AT1 receptor

NDC 68547-501-02

Contains 1 _
1 mL single-dose vial

Giapreza™ Smooth muscle contraction and
g on stimulate release of ADH , aldosterone

2.5 mg/mL

S Must dilute prior to
! intravenous infusion. :
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Angiotensin Il

Pulmonary/Renal Vascular endothelial cell
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Table 2. Summary of Key Studles Investigating Anglotensin Il

Reference Design Population Dose Range

Del Greco et al''® Case Series Distributive, 0.23-100 pg
(n=21) cardiogenic shock min-1
Chawla et al'*?  RCT (n = 20) Distributive 15-20 ng kg1
shock min-?

Khanna et al'*’”  RCT (n = 344) Distributive 20-40 ng kg
shock min-!

Wunderink Post hoc analysis Distributive Not reported
et al'1® (n=141) shock

Szerlip et al'1? Post hoc analysis Distributive shock, Not reported
(n = 225) subset with
APACHE-I score >30

 Tumlin et al*?° Post hoc analysis Distributive shock, 15-20 ng kg1
(n = 105) subset with AKI min~!
requiring RRT

Outcome P Value
Return to normotension in 15/21 patients N/A

No difference in mean hour 1 NE dose. (7.4 + 12.4 pg .06
min-! Ang-2 versus 27.6 + 29.3 pug min-* control)

No difference in mean hour 2 NE dose (7.3 + 11.9 pyg min* .06
Ang-2 versus 28.6 + 30.2 ug min* control)

Achieved target MAP by hour 1 (69.9% Ang-2 versus 23.4% <.001
SOC; OR = 7.95; 95% Cl, 4.76-13.3)

Decreased background NE-equivalent dose (-0.03 Ang-2 <.001
versus 0.03 SOC)

No difference in 28-day all-cause mortality (46% versus 32
54%; HR = 0.78; 95% CI, 0.57-1.07)

Increased 28-day mortality with Ang-2 depletion (HR = 1.78; .002
95% Cl, 1.25-2.53)

Increased 28-day mortality with Ang-2 depletion and 019
treatment with SOC vasopressors (HR = 1.77; 95% Cl,
1.10-2.85)

Attenuation in mortality with Ang-2 depletion and treatment  .047
with Ang-2 (HR = 0.64; 95% Cl, 0.41-1.00)

Decreased 28-day mortality in subset with APACHE-Il score  .037
>30 (51.8% Ang-2 versus 70.8% SOC; HR = 0.62; 95%

Cl, 0.39-0.98)

Improved 28-day survival in subset with AKI requiring 012
RRT (53% Ang-2 versus 30% SOC; HR = 0.52; 95% Cl,
0.30-0.87)

Increased rate of liberation from RRT by day 7 (38%

Ang-2 versus 15% SOC; adjusted HR = 2.90; 95% Cl,
1.29-6.52)
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Angiotensin |l

NDC 68547-501-02

Contains 1
1 mL single-dose vial

Giapreza”

(angiotensin I1)

Injection

2.5 mg/mL

S0 Must dilute prior to
W% intravenous infusion.

Ang-2 deficient > high mortality
ACE deficiency cause of Ang-2 depletion

Ang-2 supplementation in Ang-2
deficiency | mortality

Patient with pulmonary pathology may
also benefit from Ang-2 administration
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CONCLUSION

0 Different mechanism of vasoconstrictors for treating vasodilatory shock
Q Medications target :

RAA system (Ang-2)

symptathetic nervous system

Vasopressin system

Thiamine, ascorbic acid important in biochemical pathways

00

Emerged agents
Angiotensin Il , ascorbic acid
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Table 1. Receptor Distribution and Pharmacologic Effects on Heart, Vasculature, and Kidneys

Action

Heart
Chronotropy
Inotropy and lusitropy
Coronary blood flow

Peripheral arteries
Vasodilation
Vasoconstriction

Kidneys
Increased renal blood flow, naturesis,
diuresis
Reduced aldosterone secretion
Increased aldosterone secretion
Free water retention

Receptor

p4+- and D1-type receptors

B4- and D1-type receptors

D1-type receptors and increased CBF
related to increased inotropy

B, Al-, D1-type receptors
ay-, 0y, Vy-, Al4-, D2type receptors

D1-type receptors

D2-type receptors in adrenal gland
AT, receptors
V,, AT, receptors

N\

Drug

Epinephrine, dopamine
Epinephrine, dopamine
Dopamine

Epi (low dose), dopamine (low dose)
NE, phenylephrine, vasopressin, terlipressin, Ang-
2, Epi (high dose), dopamine (high dose)

Dopamine
Dopamine

Ang-2
Vasopressin, terlipressin, Ang-2
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