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NỘI DUNG TRÌNH BÀY

1. Sinh lý về sốc và các thuốc vận mạch, trợ tim.

2. Dược lực học của các thuốc vận mạch, trợ tim.

3. Chiến lược sử dụng vận mạch và trợ tim phù hợp các loại sốc.
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v Sốc là tình trạng thiếu oxy tế bào và mô do giảm
cung cấp oxy, tăng tiêu thụ oxy, bất thường trong
tiêu thụ oxy hoặc kết hợp cả ba

v Triệu chứng
v Huyết áp tụt
v Thay đổi ý thức
v Thở nhanh
v Nước tiểu giảm
v Lactat tăng
v Toan chuyển hóa
v Rối loạn đông máu
v Men gan tăng
v Dấu hiệu đổ đầy mao mạch giảm
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PERIOPERATIVE GOAL-DIRECTED THERAPY

GDT, initially brought to the forefront in the management 
of sepsis,[22] has continued to evolve[2,30] and is now 
being expanded to the perioperative period. Although 
the concept in septic shock has recently been called 
into question[31,32] and may not be superior to clinical 
judgment (“usual care”) and/or the utilization of 
other less invasive resuscitation endpoints (such 
as lactate),[33] it seems plausible that after years of 
integrating GDT protocols into physician education and 
practice that these methods now reflect “usual care,” 
thereby potentially biasing their results. The evolving 
concept of perioperative GDT currently includes 
the use of fluids and/or vasoactive agents to achieve 
hemodynamic endpoints and minimize postoperative 
complications and has recently been reviewed.[34] With 
emerging evidence demonstrating the adverse effects of 
aggressive fluid resuscitation perioperatively[35-41] and 
meta-analysis favoring goal-directed versus liberal fluid 
therapy,[42] initiating perioperative GDT to optimize 
fluid status and hemodynamics, with the appropriate 
use of fluids as well as the use of earlier/preemptive 
inotropes and vasopressors, is likely the paradigm of 
the future. This is supported by recent meta-analysis 
suggesting that although GDT does not improve 
mortality, it may reduce complications and hospital 
length of stay[43] and subsequent meta-analysis found 
a reduction in cardiovascular complications with this 
practice.[44] However, a follow-up large, randomized trial 
of perioperative GDT in high-risk patients undergoing 
noncardiac surgery did not definitely support the 
practice but did demonstrate a nonsignificant trend 
supporting GDT.[45] Therefore, at this point, no 
consensus on the true benefit of perioperative GDT 
exits, but further prospective study is underway.

Regarding the end points of resuscitation used in GDT, 
right-sided filling pressures poorly predict preload[46,47] 
and although minimally invasive hemodynamic monitors 
are becoming widely available, most of these indirectly 
monitor endpoints and require further study. In contrast, 
intraoperative transesophageal echocardiography (IOTEE) 
in high-risk patients can quickly and accurately diagnose 
the etiology of intraoperative hypotension and allows 
the clinician to rapidly assess the results of intervention 
by monitoring cardiac volume/preload and function 
as well as utilizing Doppler to quantitate SV and CO. 
Although conclusive study demonstrating the efficacy 
of IOTEE in perioperative GDT is currently lacking, the 
early use of ITOEE in septic shock has been shown to 
change management by limiting fluid administration 
and initiating early inotropic support in patients with 
left ventricular (LV) systolic dysfunction, who otherwise 
would not have met Surviving Sepsis Campaign criteria 
for inotropic therapy.[48] Furthermore, IOTEE is considered 
by many as the gold standard to assess intraoperative 
hemodynamic instability and monitor preload,[47,49] 
therefore its use in perioperative GDT is plausible.

OVERVIEW OF VASOACTIVE AGENTS

Vasopressors
Vasopressors are primarily used in cardiopulmonary 
resuscitation (CPR) and in the treatment of circulatory 
shock, where the main clinical benefit of raising the 
MAP is to restore rapidly organ perfusion pressure. 
However, some vasopressors have inotropic properties 
as well, and the predominant effect is usually 
dose-dependent. In CPR, vasopressors cause profound 
systemic vasoconstriction that preferentially increases 
coronary perfusion pressure in an attempt to restore 
myocardial blood flow, oxygen delivery, and the return 

Table 1: Types of circulatory shock and their clinical picture
Type of 
shock

MAP CO DO2 CVP MPAP PCWP SVR Common clinical 
examples

Treatmentb

Hypovolemic ↓→ ↓ ↓ ↓ ↓ ↓ ↑ Hemorrhage
Capillary leak

Volume 
resuscitation

Obstructive ↓ ↓ ↓ ↑ ↑ ↑→ ↑→ Pulmonary embolus
Tension pneumothorax

Inotropes

Cardiogenic ↓→ ↓ ↓ ↑ ↑ ↑ ↑ Myocardial infarction
Arrhythmia

Inotropes

Distributive ↓ ↑ ↑ ↓ ↓ ↓ ↓ Systemic inflammatory 
response syndromea

Anaphylaxis

Vasopressors

aSepsis and trauma, bTreatment of the underlying cause of circulatory shock is the primary objective and pharmacologic therapy with 
vasopressors and/or inotropes is used as a temporizing measure to maintain organ perfusion pressure (MAP >65 mmHg) and CO while the 
underlying process is corrected. MAP: Mean arterial pressure, CO: Cardiac output, CVP: Central venous pressure, MPAP: Mean pulmonary 
artery pressure, PCWP: Pulmonary capillary wedge pressure, SVR: Systemic vascular resistance, DO2: Delivery of oxygen, ↑: Increased, 
↓: Decreased, →: No change. Hadian M, Pinsky MR. Functional hemodynamic monitoring. Curr Opin Crit Care 2007;13:318-23

[Downloaded free from http://www.annals.in on Sunday, December 3, 2017, IP: 183.78.55.240]
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BP = CO X SVR
CO = HR X SV
DO2 = CaO2 × CO 

+ Tiền gánh
+ Sức co cơ tim
+ Hậu gánh

+ Chiều dài, rộng
+ Trương lực
+ Độ quánh

16:20, 06/11/2021 Thuốc vận mạch trong cấp cứu tim mạch

https://www.slideshare.net/slideshow/embed_code/key/r1DZofJXpgRatW 33/51

Dòng máu đến tạng = MAP/Sức cản mạch tạng

Steven T. Morozowich (2015),”Pharmacologic agents for acute hemodynamic instability: Recent advances in the management of perioperative shock- A systematic review, 
Annals of Cardiac Anaesthesia, vol18



(RhoGEFs; Fig. 1). Because RhoGEFs facilitate activa-
tion of RhoA, they regulate the duration and intensity
of signaling via heterotrimeric G protein receptor
coupling. There are !70 RhoGEFs in the human ge-
nome, and three RhoGEFs have been identified in
smooth muscle: PDZ-RhoGEF, LARG (leukemia-asso-
ciated RhoGEF), and p115-RhoGEF. Increased expres-
sion and/or activity of RhoGEF proteins could aug-
ment contractile activation of smooth muscle and

therefore play a role in diseases where an augmented
response contributes to the pathophysiology (hyper-
tension, asthma, etc.).

Several recent studies suggest a role for additional
regulators of MLC kinase and MLC phosphatase (13–
16). Calmodulin-dependent protein kinase II pro-
motes smooth muscle relaxation by decreasing the
sensitivity of MLC kinase for Ca2". Additionally, MLC

FIG. 1.
Regulation of smooth muscle contraction. Various agonists (neurotransmitters, hormones, etc.) bind to
specific receptors to activate contraction in smooth muscle. Subsequent to this binding, the prototypical
response of the cell is to increase phospholipase C activity via coupling through a G protein. Phospholipase
C produces two potent second messengers from the membrane lipid phosphatidylinositol 4,5-bisphosphate:
diacylglycerol (DG) and inositol 1,4,5-trisphosphate (IP3). IP3 binds to specific receptors on the sarcoplasmic
reticulum, causing release of activator calcium (Ca2!). DG along with Ca2! activates PKC, which phosphor-
ylates specific target proteins. In most smooth muscles, PKC has contraction-promoting effects such as
phosphorylation of Ca2! channels or other proteins that regulate cross-bridge cycling. Activator Ca2! binds
to calmodulin, leading to activation of myosin light chain kinase (MLC kinase). This kinase phosphorylates
the light chain of myosin, and, in conjunction with actin, cross-bridge cycling occurs, initiating shortening
of the smooth muscle cell. However, the elevation in Ca2! concentration within the cell is transient, and the
contractile response is maintained by a Ca2!-sensitizing mechanism brought about by the inhibition of
myosin phosphatase activity by Rho kinase. This Ca2!-sensitizing mechanism is initiated at the same time that
phospholipase C is activated, and it involves the activation of the small GTP-binding protein RhoA. The
precise nature of the activation of RhoA by the G protein-coupled receptor is not entirely clear but involves
a guanine nucleotide exchange factor (RhoGEF) and migration of RhoA to the plasma membrane. Upon
activation, RhoA increases Rho kinase activity, leading to inhibition of myosin phosphatase. This promotes
the contractile state, since the light chain of myosin cannot be dephosphorylated.
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effects, dobutamine is a potent inotrope, with weaker
chronotropic activity. Vascular smooth muscle binding
results in combined !1-adrenergic agonism and antago-
nism, as well as "2-stimulation, such that the net vascular
effect is often mild vasodilation, particularly at lower
doses (#5 $g ! kg!1 ! min!1). Doses up to 15 $g · kg!1 · min!1

increase cardiac contractility without greatly affecting periph-
eral resistance, likely owing to the counterbalancing effects of
!1-mediated vasoconstriction and "2-mediated vasodilation.
Vasoconstriction progressively dominates at higher infusion
rates.9

Despite its mild chronotropic effects at low to medium
doses, dobutamine significantly increases myocardial oxygen
consumption. This exercise-mimicking phenomenon is the
basis upon which dobutamine may be used as a pharmaco-
logical stress agent for diagnostic perfusion imaging,10 but
conversely, it may limit its utility in clinical conditions in
which induction of ischemia is potentially harmful. Tolerance
can develop after just a few days of therapy,11 and malignant
ventricular arrhythmias can be observed at any dose.

Norepinephrine
Norepinephrine, the major endogenous neurotransmitter lib-
erated by postganglionic adrenergic nerves (Table; Figure
3A), is a potent !1-adrenergic receptor agonist with modest
"-agonist activity, which renders it a powerful vasoconstric-
tor with less potent direct inotropic properties. Norepineph-
rine primarily increases systolic, diastolic, and pulse pressure
and has a minimal net impact on CO. Furthermore, this agent
has minimal chronotropic effects, which makes it attractive

for use in settings in which heart rate stimulation may be
undesirable. Coronary flow is increased owing to elevated
diastolic blood pressure and indirect stimulation of cardio-
myocytes, which release local vasodilators.12 Prolonged nor-
epinephrine infusion can have a direct toxic effect on cardiac
myocytes by inducing apoptosis via protein kinase A activa-
tion and increased cytosolic Ca2" influx.13

Epinephrine
Epinephrine is an endogenous catecholamine with high affin-
ity for "1-, "2-, and !1-receptors present in cardiac and
vascular smooth muscle (Figure 3A; Table). "-Adrenergic
effects are more pronounced at low doses and !1-adrenergic
effects at higher doses. Coronary blood flow is enhanced
through an increased relative duration of diastole at higher
heart rates and through stimulation of myocytes to release
local vasodilators, which largely counterbalance direct !1-
mediated coronary vasoconstriction.14 Arterial and venous
pulmonary pressures are increased through direct pulmonary
vasoconstriction and increased pulmonary blood flow. High
and prolonged doses can cause direct cardiac toxicity through
damage to arterial walls, which causes focal regions of
myocardial contraction band necrosis, and through direct
stimulation of myocyte apoptosis.15

Isoproterenol
Isoproterenol is a potent, nonselective, synthetic "-adrenergic
agonist with very low affinity for !-adrenergic receptors

β agonist

β receptor

↑ Gs-GTP

adenyl cyclase

↑ cAMP
Ca2+ channel

activation

↑ cytosolic Ca2+

actin-myosin-troponin
interaction

POSITIVE
INOTROPY

POSITIVE
CHRONOTROPY

cAMP-dependent
protein kinase

↑ phosphorylated
phospholamban

augmented Ca2+

uptake by SR

VASODILATION

+

+ +

+

+

+

cell membrane

Figure 1. Simplified schematic of postulated intracellular actions
of "-adrenergic agonists. "-Receptor stimulation, through a
stimulatory Gs-GTP unit, activates the adenyl cyclase system,
which results in increased concentrations of cAMP. In cardiac
myocytes, "1-receptor activation through increased cAMP con-
centration activates Ca2" channels, which leads to Ca2"-
mediated enhanced chronotropic responses and positive inot-
ropy by increasing the contractility of the actin-myosin-troponin
system. In vascular smooth muscle, "2-stimulation and
increased cAMP results in stimulation of a cAMP-dependent
protein kinase, phosphorylation of phospholamban, and aug-
mented Ca2" uptake by the sarcoplasmic reticulum (SR), which
leads to vasodilation. Adapted from Gillies et al3 with permission
of the publisher.
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Figure 2. Schematic representation of postulated mechanisms
of intracellular action of !1-adrenergic agonists. !1-Receptor
stimulation activates a different regulatory G protein (Gq), which
acts through the phospholipase C system and the production of
1,2-diacylglycerol (DAG) and, via phosphatidyl-inositol-4,5-
biphosphate (PiP2), of inositol 1,4,5-triphosphate (IP3). IP3 acti-
vates the release of Ca2" from the sarcoplasmic reticulum (SR),
which by itself and through Ca2"-calmodulin–dependent protein
kinases influences cellular processes, leading in vascular
smooth muscle to vasoconstriction. Adapted from Gillies et al3
with permission of the publisher.
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(Table; Figure 3B). It has powerful chronotropic and inotro-
pic properties, with potent systemic and mild pulmonary
vasodilatory effects. Its stimulatory impact on stroke volume
is counterbalanced by a !2-mediated drop in SVR, which
results in a net neutral impact on CO.

Phenylephrine
With its potent synthetic "-adrenergic activity and virtually
no affinity for !-adrenergic receptors (Table; Figure 3B),
phenylephrine is used primarily as a rapid bolus for immedi-
ate correction of sudden severe hypotension. It can be used to
raise mean arterial pressure (MAP) in patients with severe
hypotension and concomitant aortic stenosis, to correct hy-
potension caused by the simultaneous ingestion of sildenafil
and nitrates, to decrease the outflow tract gradient in patients
with obstructive hypertrophic cardiomyopathy, and to correct
vagally mediated hypotension during percutaneous diagnostic
or therapeutic procedures. This agent has virtually no direct
heart rate effects, although it has the potential to induce
significant baroreceptor-mediated reflex rate responses after
rapid alterations in MAP.

Phosphodiesterase Inhibitors
Phosphodiesterase 3 is an intracellular enzyme associated
with the sarcoplasmic reticulum in cardiac myocytes and

vascular smooth muscle that breaks down cAMP into AMP.
Phosphodiesterase inhibitors (PDIs) increase the level of
cAMP by inhibiting its breakdown within the cell, which
leads to increased myocardial contractility (Figure 4). These
agents are potent inotropes and vasodilators and also improve
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Figure 4. Basic mechanism of action of PDIs. PDIs lead to
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contractility in the myocardium and leads to vasodilation in vas-
cular smooth muscle.
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Christopher B. Overgaard (2008), “Inotropes and Vasopressors Review of Physiology and Clinical Use in Cardiovascular Disease”, Circulation,
118:1047-1056
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inotropic agents to complement vasopressors, predic-
tive biomarkers, and novel vasopressors. We consider 
the ironic role of β1-blockers in septic shock. We review 
vasodilatory shock post-cardiovascular surgery and post-
acute myocardial infarction, cardiogenic and hypov-
olemic shock.

Clinically relevant pathophysiology of vasodilatory shock
Vasodilatory shock is characterized by vasodilation 
(identified clinically by warm skin), hypotension, tachy-
cardia, and inadequate perfusion (impaired mentation, 
oliguria). When ventricular dysfunction and hypov-
olemia contribute, features change (cold skin, increased 
jugular venous pressure (JVP) and CVP if there is ven-
tricular dysfunction and low JVP and CVP if there is 
hypovolemia). Vascular smooth muscle relaxation is the 
cardinal mechanism of vasodilatory shock [22]. While 

not apparent to the clinician, behind the scene there 
is a rapid, complex, hormonal response to hypoten-
sion: secretion of multiple hormones (norepinephrine, 
epinephrine, vasopressin, angiotensin II, aldoster-
one, adrenomedullin, and cortisol) act synergistically 
attempting to increase vasomotor tone, heart rate and 
contractility. Often vasodilation persists because of 
β1, β2 and other receptor down-regulation [23], inter-
patient receptor genotype differences [24, 25], and 
genetically-variable metabolism [26]. When these regu-
latory multi-hormone mechanisms are overwhelmed, 
hypotension and shock persist.

Vasodilation in sepsis is mediated mainly by nitric 
oxide (NO) and prostacyclin. Inducible NO synthase 
(iNOS) is induced by endotoxin and cytokines; an iNOS 
inhibitor increased NO synthesis and blood pressure, 
decreased vasopressor requirements but decreased 

Fig. 1 Norepinephrine (NE) binds to alpha-1 adrenergic receptors of vascular smooth muscle to induce vasoconstriction, binds to beta-1 and 
beta-2 receptors causing vasodilation, and binds to alpha-1 and beta-2 adrenergic receptors on leukocytes to differentially modulate immune 
response in sepsis. Exposure to NE also down-regulates alpha-1 and beta-2 receptor density and that could alter sensitivity to NE, thereby leading to 
increased doses of norepinephrine and greater risk of adverse vascular and immune effects. Vasopressin (AVP) binds to the AVPR1a receptor, dopa-
mine (DA) binds to DA1 and DA2 receptors, and angiotensin II (AG) binds to angiotensin II receptors (AGTR1, AGTR2), all causing vasoconstriction

James A. Russell (2019), “Vasopressor therapy in critically ill patients with shock”, Intensive Care Med (2019) 45:1503–1517 
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of spontaneous circulation.[50,51] In circulatory shock 
characterized by refractory hypotension, vasopressors 
are used in a supportive context until definitive therapy 
can be initiated, with the assumption that clinical 
recovery will be facilitated by temporarily restoring 
and maintaining normal organ perfusion pressure.[7,8]

In the example of distributive shock, vasopressors 
correct the underlying deficit in SVR, thus restoring 
organ perfusion pressure.[52,53] The importance of organ 
perfusion pressure has recently been emphasized as 
vasopressors are now being recommended as secondary 
agents where the indication is less obvious – Circulatory 
shock characterized by low CO and persistent 
hypotension that is refractory to conventional treatment. 
Historically, vasopressors have been used with extreme 
caution in this setting to avoid the complications 
associated with excessive vasoconstriction (increasing 
systemic and organ vascular resistance beyond normal 
physiologic values) such as further impairment of CO, 
DO2, and organ blood flow, together possibly increasing 
mortality.[23,24] However, excessive vasoconstriction 
primarily occurs when these agents are given in the 
setting of inadequate volume resuscitation with or 
without preexisting low CO.[54] Considering this, 
patients receiving vasoactive agents require careful 
monitoring and frequent reevaluation, so these agents 
can be titrated to the minimal effective dose.

Vasopressor agents are broadly classified below by 
their clinical effect as: (1) Pure vasoconstrictors or 
(2) inoconstrictors (vasoconstrictors with inotropic 

properties). Further classification of these agents is 
illustrated in Figure 1 and their standard dosing, 
receptor binding, and adverse effects are listed in 
Table 2.[8] Although some adrenergic agents stimulate 
many receptors producing various cardiovascular 
effects, their vasopressor actions are mediated via 
alpha-1 receptors resulting in arterial and venous 
vascular smooth muscle contraction and an increase 
in systemic and pulmonary vascular resistance and 
venous return.[8,55,56] The nonadrenergic agents such 
as vasopressin, exerts its vasopressor effects through 
V1 receptor stimulation resulting in vascular smooth 
muscle contraction,[8] and methylene blue scavenges 
nitric oxide and inhibits nitric oxide synthesis, thus 
reversing the vasodilatory effects of nitric oxide on the 
endothelium and vascular smooth muscle.

Inotropes
Inotropy (contractility) refers to the force and velocity 
of cardiac muscle contraction, and the term inotrope 
generally refers to a drug that produces positive 
inotropy (increased contractility). Inotropes differ from 
vasopressors, which primarily produce vasoconstriction 
and a subsequent rise in MAP. As with vasopressors, 
some inotropes have vasopressor properties as well, 
and the predominant effect is usually dose-dependent. 
In circulatory shock characterized by low CO 
(e.g., cardiogenic and obstructive shock), the main 
clinical benefit of increasing contractility with inotropes 
is to increase SV and CO to restore adequate DO2 to 
vital organs until definitive therapy can be initiated.[7,8]

All inotropes increase CO by increasing the force 
of contraction of cardiac muscle, but the other 
determinants of myocardial performance are variably 
affected. For example, some inotropes directly increase 
HR, some indirectly decrease HR (reflex), while others 
have no effect, some inotropes increase venous tone 
(venoconstriction) and arterial tone (afterload) while 
others decrease these through vasodilation, and some 
improve diastolic function. Therefore, any given agent 
may have multiple and dose-dependent effects to be 
considered. In cardiogenic shock, the failing ventricle 
is very sensitive to afterload, so inotropes that produce 
systemic vasodilation (inodilators) should be first-line 
agents as long as systemic hypotension does not occur. 
Although supraphysiologic goals for CO have not shown 
benefit and may cause harm,[23,57,58] maximal doses of a 
first agent are inadequate to meet goals, then a second 
drug should be added, with consideration given to agents 
with different mechanisms of action to maximize effects.

Figure 1: Vasopressor classification[8,91] a: Adrenergic agents 
mimic sympathetic nervous system stimulation and are also 
termed “sympathomimetics;” b: Catecholamines structurally 
contain a catechol group and are rapidly metabolized by 
catechol-O-methyltransferase and monoamine oxidase 
corresponding to their short duration of action (1–2 min), making 
them ideal agents for titration; c: Noncatecholamines have 
longer durations of action (approximately 5–15 min) since they 
are not metabolized by catechol-O-methyltransferase
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useful in the treatment of hypotension caused by 
tachyarrhythmias or when tachyarrhythmias occur 
in response to other vasoactive agents used in the 
treatment of circulatory shock[2]

•	 Vasopressin	 (antidiuretic	 hormone)	 levels	 are	
increased in response to early shock to maintain 
organ perfusion,[62] but levels fall dramatically as 
shock progresses.[63,64] Unlike the adrenergic agents, 
vasopressin does not stimulate adrenergic receptors 
and is not associated with their adverse effects,[65] 
and its vasopressor effects are relatively preserved 
during hypoxemic and acidemic conditions, 
making it useful in refractory circulatory shock and 
CPR,[65-72] specifically asystole.[73] Vasopressin, due to 
its alternate mechanism of action, not only improves 
hemodynamics but also improves the vascular 
response to adrenergic agents, allowing a reduction 
in their dosing[67,70,74] which may reduce the 
adverse effects seen with adrenergic agents, this is 
commonly referred to as an adrenergic sparing effect. 

Vasopressin is primarily indicated in distributive 
shock, usually as a secondary agent,[2] but its 
ability to increase MAP and not adversely impact 
CO has recently been demonstrated in refractory 
cardiogenic shock,[75] underscoring the physiologic 
importance of maintaining organ (myocardial) 
perfusion pressure.[8] Considering this, the use of 
vasopressin has shown utility perioperatively, where 
its preemptive use in high-risk patients undergoing 
cardiac surgery has demonstrated hemodynamic 
stability after cardiopulmonary bypass and an 
adrenergic agent sparing effect.[76] Moreover, recent 
in vitro study[55] supports the emerging clinical 
observations[77] that compared to adrenergic agents 
such as norepinephrine, vasopressin produces 
selective systemic vasoconstriction, with minimal 
effect on the pulmonary vasculature. This has 
significant application, particularly in cardiac 
surgery, where vasopressin would improve right 
ventricular (RV) function by increasing coronary 
perfusion without altering RV afterload, suggesting 
it may be the drug of choice to improve MAP in 
the setting of RV failure. Its 30–60 min duration 
of action is much longer than adrenergic agents, 
making titration more challenging

•	 Methylene	 blue	 inhibits	 the	 vasodilatory	 effects	
of nitric oxide on the endothelium and vascular 
smooth muscle. Historically, methylene blue has 
not been considered a vasoactive agent, but its 
expanding use in vasoplegic syndrome prompted 
its inclusion here. Vasoplegic syndrome is generally 
defined as an MAP <50 mmHg with a low SVR 
(<600–800 dynes/s/cm5) despite vasoactive agent 
administration.[78,79] The syndrome is also typically 
accompanied by low filling pressures (central 
venous pressure <5–10 mmHg, pulmonary capillary 
wedge pressure <10 mmHg).[78,79] The incidence 
of vasoplegic syndrome in cardiac surgery varies 
but has been reported as high as 42% in comorbid 
patients undergoing ventricular assist device 
placement[80] and the mortality may be as high as 
25%.[81] Methylene blue has been used as a rescue 
agent for perioperative vasoplegic syndrome in 
multiple clinical scenarios including cardiac surgery, 
protamine reaction, sepsis, and anaphylaxis.[81-84] It 
has even been used prophylactically in high-risk 
patients undergoing cardiac surgery.[79] Suggested 
risk factors for perioperative vasoplegic syndrome 
in cardiac surgery have been reviewed, and include 
preoperative LV ejection fraction <35%, ventricular 
assist device implantation, prolonged CPB, and 

Table 3: Adrenergic receptors with 
cardiovascular effects

Adrenergic 
receptor

Location Cardiovascular 
effects

Beta-1 Myocardium Inotropy 
(increased contractility)
Chronotropy 
(increased heart rate)
Dromotropy 
(increased conduction)

Beta-2 Systemic arterioles
Pulmonary arterioles
Veins

Vasodilation

Alpha-1 Systemic arterioles 
(receptor density)*

Skin (high)
Skeletal muscle (high)
Abdominal viscera/
splanchnic (moderate)
Kidney (moderate)
Myocardium (minimal)
Brain (minimal)

Pulmonary arterioles
Veins

Vasoconstriction

*Vasoconstriction of vascular beds with moderate and high 
alpha-1 receptor density allows the redistribution of blood 
flow to vital organs with minimal receptor density (brain and 
myocardium), and is the basis for adrenergic vasopressor 
use in cardiopulmonary resuscitation. During progressive 
hemorrhage, the fraction of CO distributed to the dermal/
skin, splanchnic, and renal vascular beds declines while 
the fraction of CO distributed to the brain and myocardium 
increases.a,b CO: Cardiac output. Kaihara S, Rutherford RB, 
Schwentker EP, Wagner HN, Jr. Distribution of cardiac output 
in experimental hemorrhagic shock in dogs. J Appl Physiol 
1969;27:218-22. bSchlichtig R, Kramer DJ, Pinsky MR. Flow 
redistribution during progressive hemorrhage is a determinant 
of critical O2 delivery. J Appl Physiol 1991;70:169-78
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Inotropes are broadly classified below by their 
clinical effects as: (1) Inodilators agents that produce 
inotropy and vasodilation or[2] inoconstrictors agents 
that produce inotropy and vasoconstriction. Further 
classification of these agents is illustrated in Figure 2.[8] 
The commonly used adrenergic agents stimulate the 
adrenergic receptors as listed in Table 3 to produce 
their cardiovascular effects.[8] The standard dosing of 
inotropes, their receptor binding (or mechanism of 
action), and adverse effects are listed in Table 2.[8,21]

COMMON VASOACTIVE AGENTS AND LITERATURE REVIEW

Pure vasoconstrictors
•	 Phenylephrine	 stimulates	 only	 alpha	 receptors	

resulting in arterial and venous vasoconstriction, 
clinically producing an increase in SVR, MAP, 
venous return, and baroreceptor-mediated reflex 
bradycardia. The increase in SVR (afterload) 
and reflex bradycardia may decrease CO, so 
phenylephrine should only be used transiently in 
general and with caution in patients with preexisting 
cardiac dysfunction (low CO).[59,60] Perioperatively, 
phenylephrine is used to correct hypotension, 
improve venous return, and decrease the HR in 
patients with various cardiac conditions (e.g. aortic 
stenosis and hypertrophic cardiomyopathy).[8] In 

addition, the use of phenylephrine to maintain 
hemodynamic stability during liver transplantation 
has demonstrated less blood loss and lower 
lactate levels compared to inotropes, an effect 
attributable to its ability to increase vascular 
resistance and thus reduce portal blood flow.[61] 
Phenylephrine is considered a first-line agent in 
hyperdynamic (normal CO) septic shock as it 
restores SVR and organ perfusion pressure.[2,52] Also, 
phenylephrine’s reflex bradycardia may prove 

Figure 2: Inotrope classification.[8,91] a: Adrenergic agents 
mimic sympathetic nervous system stimulation and are also 
termed “sympathomimetics;” b: Catecholamines structurally 
contain a catechol group and are rapidly metabolized by 
catechol-O-methyltransferase and monoamine oxidase 
corresponding to their short duration of action (1–2 min), making 
them ideal agents for titration; c: Noncatecholamines have 
longer durations of action (approximately 5–15 min) since they 
are not metabolized by catechol-O-methyltransferase

Table 2: Standard dosing of vasoactive agents, their receptor binding (or mechanism of action), and 
major adverse effects

Drug IV infusion dose* Receptor activity or mechanism 
of action

Adverse effects

Alpha-1 Beta-1 Beta-2 Dopamine
Isoproterenol >0.15 mcg/kg/min 0 ++ ++ 0 Arrhythmias, myocardial ischemia, 

hypotension
Milrinone Load 20-50 mcg/kg then 

0.25-0.75 mcg/kg/min
Phosphodiesterase inhibitor Hypotension

Levosimendan 12-24 mcg/kg then 
0.05-0.2 mcg/kg/min

Calcium-sensitizer Hypotension

Dobutamine 2-20 mcg/kg/min − ++ + 0 Arrhythmias, tachycardia, myocardial 
ischemia, hypotension

Dopamine 1-5 mcg/kg/min − − − ++ Arrhythmias, myocardial ischemia, 
hypertension, tissue ischemia5-10 mcg/kg/min + ++ + ++

10-20 mcg/kg/min ++ ++ + ++
Epinephrine 0.01-0.03 mcg/kg/min − ++ + 0 Arrhythmias, myocardial ischemia, 

hypertension, hyperglycemia, 
hypermetabolism/lactic acidosis

0.03-0.1 mcg/kg/min + ++ + 0
>0.1 mcg/kg/min ++ ++ + 0

Norepinephrine Start 0.01 mcg/kg/min and titrate 
to effect (max 30 mcg/min)

++ ++ − 0 Arrhythmias, hypertension, tissue 
ischemia

Phenylephrine 0.15-0.75 mcg/kg/min ++ 0 0 0 Bradycardia, hypertension, excessive 
vasoconstriction

Vasopressin 0.01–0.04 units/min V1 receptor agonist Hypertension, excessive vasoconstriction

*Doses are guidelines and the actual administered dose should be determined by patient response; ++: Potent, +: Moderate, 
−: Minimal, 0: None, IV: Intravenous. Schlichtig R, Kramer DJ, Pinsky MR. Flow redistribution during progressive hemorrhage is 
a determinant of critical O2 delivery. J Appl Physiol 1991;70:169-78
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(Table; Figure 3B). It has powerful chronotropic and inotro-
pic properties, with potent systemic and mild pulmonary
vasodilatory effects. Its stimulatory impact on stroke volume
is counterbalanced by a !2-mediated drop in SVR, which
results in a net neutral impact on CO.

Phenylephrine
With its potent synthetic "-adrenergic activity and virtually
no affinity for !-adrenergic receptors (Table; Figure 3B),
phenylephrine is used primarily as a rapid bolus for immedi-
ate correction of sudden severe hypotension. It can be used to
raise mean arterial pressure (MAP) in patients with severe
hypotension and concomitant aortic stenosis, to correct hy-
potension caused by the simultaneous ingestion of sildenafil
and nitrates, to decrease the outflow tract gradient in patients
with obstructive hypertrophic cardiomyopathy, and to correct
vagally mediated hypotension during percutaneous diagnostic
or therapeutic procedures. This agent has virtually no direct
heart rate effects, although it has the potential to induce
significant baroreceptor-mediated reflex rate responses after
rapid alterations in MAP.

Phosphodiesterase Inhibitors
Phosphodiesterase 3 is an intracellular enzyme associated
with the sarcoplasmic reticulum in cardiac myocytes and

vascular smooth muscle that breaks down cAMP into AMP.
Phosphodiesterase inhibitors (PDIs) increase the level of
cAMP by inhibiting its breakdown within the cell, which
leads to increased myocardial contractility (Figure 4). These
agents are potent inotropes and vasodilators and also improve
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Figure 3. A, Endogenous catecholamine synthesis pathway. Left, chemical structures; Right, names of compounds with conversion
enzymes (italics) and cofactors (bold). B, Chemical structures and names of common synthesized catecholamines.
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Figure 4. Basic mechanism of action of PDIs. PDIs lead to
increased intracellular concentration of cAMP, which increases
contractility in the myocardium and leads to vasodilation in vas-
cular smooth muscle.
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hour” of trauma) and aligns with an artificial intel-
ligence (AI) study. In contrast to clinical practice in a 
large UK cohort, the AI clinician recommended septic 
patients be given vasopressors more often (30% versus 
17%) [34]. However, other uncontrolled observational 
studies found that earlier vasopressor(s) was harm-
ful [35] suggesting equipoise regarding earlier use of 
vasopressors.

Pivotal vasopressor trials
Pivotal RCTs of norepinephrine vs. epinephrine [37], nor-
epinephrine plus dobutamine vs. epinephrine [47], early 
vasopressin [15] vs. norepinephrine, and vasopressin vs. 
norepinephrine in septic shock [12] and norepinephrine 
vs. dopamine [48] in all types of shock established that 
norepinephrine is superior to dopamine and equivalent 
to vasopressin and epinephrine (Table 2). Some of these 
RCTs had only moderate sample sizes. While two RCTs 

had over 700 patients each (SOAP II [48] (dopamine 
versus norepinephrine n = 1679; VASST [12] (vasopres-
sin versus norepinephrine n = 778)), ATHOS-3 [16] 
(angiotensin II versus placebo n = 479), VANISH [15] 
(vasopressin versus norepinephrine, n = 409, CAT [37] 
(epinephrine versus norepinephrine, n = 330) and CATS 
[47] (epinephrine versus norepinephrine plus dobu-
tamine n = 277) were smaller.

There was no difference in mortality between vaso-
pressin and norepinephrine in VASST [12] and VANISH 
[15], but vasopressin may have been more effective in less 
severe shock (baseline norepinephrine < 15 μg/min). Vas-
opressin was associated with similar outcomes to nor-
epinephrine in a propensity matched cohort study [49]. 
A small RCT of early vasopressin and norepinephrine vs. 
norepinephrine alone found that the early vasopressin 
and norepinephrine group achieved MAP of 65  mmHg 
faster than the norepinephrine group [50].

Fig. 3 Algorithm for vasopressor management. In patients with vasodilatory shock, the first priority is Airway, Breathing, and Circulation (ABCs) 
resuscitation, while in parallel doing laboratory evaluation (arterial blood gases, lactate, hematology, renal and hepatic function) and evaluating the 
cause of vasodilatory shock. Initial fluids (30 ml/kg initially and more as needed) should be crystalloid. In patients not responding to adequate fluid 
resuscitation, norepinephrine is started. In patients not responding to norepinephrine, vasopressin (terlipressin) or epinephrine is added. In patients 
who are profoundly hypotensive, phenylephrine or angiotensin II may be considered. Evaluation of the cause of shock is done in parallel with resus-
citation; fever and leukocytosis suggest septic shock. Septic shock requires search for source of sepsis and drainage of abscesses and empyema. 
Sepsis mimics include post- acute myocardial infarction (AMI), post-cardiovascular surgery and other causes (pancreatitis, aspiration, Acute Respira-
tory Distress Syndrome (ARDS), post-abdominal surgery, trauma, and drugs (anesthetics and drug allergy/anaphylaxis). 
1In patients not responsive to norepinephrine, vasopressin, epinephrine or angiotensin II, cardiovascular evaluation is necessary. 
2Cardiovascular evaluation should occur such as limited bedside echocardiograph, non-invasive cardiac output, central venous pressure (CVP) or 
pulmonary capillary wedge pressure (via pulmonary artery catheter). If there is decreased ventricular function (decreased ejection fraction), then 
dobutamine should be added. 
3Not responsive to norepinephrine or other vasopressors is not well-defined but generally means not responsive to a high dose. 
4Vasopressin can be substituted with terlipressin but the randomized controlled trials of terlipressin are much smaller than with vasopressin. Sele-
pressin (a highly specific AVPR1a agonist) is in development

12James A. Russell (2019), “Vasopressor therapy in critically ill patients with shock”, Intensive Care Med (2019) 45:1503–1517 



ĐÁNH GIÁ ĐÁP ỨNG DỊCH TRUYỀN
v Đáp ứng về thể tích: cung lượng tim sẽ tăng khi truyền dịch, nhưng truyền bao nhiêu

là đủ, dấu hiệu truyền dịch gây nguy hiểm, biến chứng?à Đánh giá đáp ứng là rất
quan trọng à CĐ thuốc vận mạch

v Các thông số tĩnh: CVP, IVC, PCWP

13

Vai trò của thăm dò huyết động

v Các thông số động
v Nghiệm pháp nâng chân: 45-60 độ, sau 1 phút, tương đương 300-500 ml đổ về

thấtà Đánh giá đáp ứng trên lâm sàng siêu âm tim mạch
v IVCindex
v Độ biến thiên áp lực mạch
v Độ biến thiên của nhát bóp SVV
v Siêu âm tim, Uscom
v PICCO…



MỤC ĐÍCH SỬ DỤNG THUỐC VẬN MẠCH  
VÀ TĂNG CO BÓP CƠ TIM

v Phục hồi tưới máu mô + tăng cường phân bố oxy mô (DO2)

v Duy trì mạch, HA ổn địnhà bảo tồn cung lượng tim và tăng cường tưới

máu đến tạng

v Duy trì MAP, giúp tăng chỉ số tim, thể tích tống máu mà không ảnh hưởng

tới sự tiêu thụ O2 và mức độ toan chuyển hóa
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NGUYÊN TẮC SỬ DỤNG THUỐC VẬN MẠCH  
VÀ TĂNG CO BÓP CƠ TIM

v Đảm bảo bù đủ khối lượng tuần hoàn
v Đánh giá tình trạng rối loạn huyết động nàoàquyết định lựa chọn thuốc: Giảm SVR,

giảm CO, …
v Chỉ định sử dụng thuốc vận mạch

v Huyết áp tâm thu giảm > 30 mmHg hoặc > 20%, MAP < 60 mmHg
v Có bằng chứng của tổn thương cơ quan đích do giảm tưới máu

v Khởi đầu bằng liều thấp theo khuyến cáo, chỉnh liều để đạt đích HATT> 90 mmHg hay
MAP 60 - 65 mmHg

v Phải luôn theo dõi sát đáp ứng lâm sàng của bệnh nhân trong quá trình dùngà chỉnh
liều hoặc phối hợp thuốc

v Giảm liều từ từ, không được dừng một cách đột ngột. 15
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In more severe shock, clinicians often administer 
combinations of vasopressors but the optimal vaso-
pressor combination remains unknown regarding mor-
tality. In a network meta-analysis of RCTs (43 RCTs; 
5767 patients) of vasopressors [51], the efficacy was 
greatest for norepinephrine plus dobutamine; acute 
myocardial infarction incidence was highest with nor-
epinephrine plus epinephrine; arrhythmia incidence was 
highest with dopamine and lowest with vasopressin. This 
retrospective study must be interpreted cautiously and as 
hypothesis-generating.

Adverse effects
The commonest serious adverse effects of vasopres-
sors are digital and organ ischemia, tachyarrhythmias, 
and atrial fibrillation [52] (with increased risk of stroke 
[53]) (Table  3). Higher cumulative vasopressor dose is 
associated with organ dysfunction and mortality [54], 
but association studies are confounded. Many vasopres-
sors have immune effects that may be proven important 
in human septic shock. Norepinephrine has moderate 
immunosuppressive and bacterial growth-promoting 
effects in pre-clinical models that could increase risk of 
infection, but immune risk of norepinephrine infusion is 
uncertain [36]. Vasopressin augments the usual decrease 
of cytokines more than norepinephrine, especially in less 
severe septic shock [55].

Serious adverse events of vasopressors were similar 
in most RCTs but differed significantly between dopa-
mine versus epinephrine in SOAP 2 [48] [twice as many 
arrhythmias with dopamine (24.1%) than norepineph-
rine (12.4%, p < 0.001), mainly atrial fibrillation (Table 4)]. 
There was significantly more study drug withdrawal of 
epinephrine than norepinephrine in CAT (12.9% versus 
2.8%, p = 0.002) [37].

Clinical monitoring of vasopressor(s)
Vasopressors are initiated, titrated, and weaned accord-
ing to MAP, measures of perfusion (mentation, urine 
output, lactate), and non-invasive cardiovascular assess-
ment (e.g. non-invasive cardiac output, echocardio-
graphic evaluation of ventricular function and volume 
status (i.e. inferior vena cava collapse), microcirculation). 
Clinical measures (e.g. capillary refill) and laboratory 
measures (e.g. lactate) were equivalent in association 
with mortality for resuscitation monitoring in a recent 
RCT (n = 424) [57].

Weaning
Vasopressor weaning is less standardized than resusci-
tation and there are no RCTs of weaning. Patients are 
judged appropriate for gradual vasopressor dose dec-
rements when “stabile” (no universal definition), i.e. 
adequate volume status and perfusion. Deterioration 

Table 1 Vasopressors, their receptor binding, possible additional beneficial actions, dose, and possible relevant bio-
markers

SNP single nucleotide polymorphism, LNPEP leucyl and cystinyl aminopeptidase, AGTRAP angiotensin II receptor associated protein, AGTR1, AGTR2 angiotensin II 
receptors 1 and 2, GABAA gamma-aminobutyric acid

Vasopressor Receptor activity Additional actions Dose (all intravenous) Possible predictive biomarkers

Norepinephrine α1 > β1, β2 Immune activity [36] 5–100 μg/min β2 receptor SNP [24]

Epinephrine α1 > β1, β2
More β1 than NE

Immune activity [36] 5–60 μg/kg min [37] β2 receptor SNP [24]

Phenylephrine α1 Immune activity [36] 50–100 μg bolus
0.1–1.5 μg/kg min

Dopamine DA1, DA2 Immune activity [38, 39] 1–5 μg/kg min “low dose”
5–15 μg/kg min moderate dose
20–50 μg/kg min high dose

Vasopressin AVPR1a, AVPR1b, AVPR2 Immune activity [40] 0.01–0.04 U/min [12, 41] LNPEP SNP [26]
Angiopoietin ½ [42]
Vasopressin/copeptin

Terlipressin AVPR1a (AVPR1b) > AVPR2 ? Immune activity 1.3 μg/kg hr [43]
20–160 μg/hour [44] bolus: 1 mg

LNPEP [26]
Vasopressin/copeptin

Selepressin AVPR1a ↓ Angiopoietin-2
↓ Vascular leak

1.25–2.5 ng/kg min in phase 2 [21]
1.25–5.0 ng/kg min in phase 3 [45]

LNPEP SNP [26]
Angiopoietin 1/2 [42]
Vasopressin/copeptin

Angiotensin-II Angiotensin II receptors 
(AGTR1, AGTR2)

↑ Vasopressin
↑ Erythropoietin

5–200 ng/kg min (first 3 h; 1.25–40 ng/
kg min up to 7 days [16]

AGTRAP SNP [25]

Methylene blue [46] Inhibits GABAA receptors ↓ Vascular leak Bolus (2 mg/kg) then infusion—step-
wise increasing rates 0.25, 0.5, 1, 
2 mg/kg/hr

16James A. Russell (2019), “Vasopressor therapy in critically ill patients with shock”, Intensive Care Med (2019) 45:1503–1517 



NORADRENALIN
v Kích thích mạnh receptor α1, kích thích yếu receptor βà tác dụng co mạch mạnh, ít

gây tăng co bóp cơ tim.
v Gây tăng trực tiếp HA tâm thu, tâm trương, áp lực mạch, ít tác động vào cung lượng

tim, ít gây tăng nhịp tim
v Tăng lưu lượng vành do làm tăng HA tâm trương và kích thích trực tiếp cơ tim giải

phóng chất gây giãn mạch tại chỗ
v Tác dụng phụ: Loạn nhịp, thiếu máu ngoại vi, tăng HA phản ứng
v Truyền kéo dài có tác dụng phụ

v Gây nhiễm độc trên cơ tim do tăng hiện tượng cơ tim chết theo chương trình
v Giảm độ nhạy cảm của thuốc với các receptor α1, β2à tăng liều thuốc

17Uptodate 2021, “Vasopressors and inotropes in treatment of acute hypotensive states and shock: Adult dose and selected characteristics”
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ADRENALIN
v Kích thích mạnh với receptor α1, β1, β2 ở trên tim và cơ trơn mạch máu
v Kích thích receptor β gặp ở liều thấp, kích thích receptor α gặp ở liều cao hơn
v Tăng tuần hoàn vành do tăng nhẹ thời gian tâm trương khi tần số tim ở mức độ

cao và kích thích cơ tim giải phóng chất giãn mạch tại chỗ.
v Tăng co mạch phổi và tăng dòng máu chảy trong mạch phổià Áp lực động mạch

và tĩnh mạch phổi tăng
v Chỉ định: Ngừng tim, phản vệ, sốc tim, co thắt phế quản nguy kịch, nhịp chậm
v Liều tuỳ theo chỉ định (TM, TB, Truyền liên tục, khí dung), liều cao kéo dài gây

nhiễm độc cơ tim do hủy hoại thành động mạch, tăng hiện tượng cơ tim chết theo
chương trình, hoại tử cơ tim thành dải

vTác dụng phụ: Rối loạn nhịp thất, thiếu máu cơ tim, tăng huyết áp, đột tử.
19Uptodate 2021, “Vasopressors and inotropes in treatment of acute hypotensive states and shock: Adult dose and selected characteristics”
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5 mg
50 ml

= 5 mg/50 ml
= 5.000 μg/50ml
= 100 μg/ml

Pha loãng đủ
50 ml

Ống 1 mg/ml

Liều 0.01-60 
μg/kg/phút

ADRENALIN

ADRENALIN

ADRENALIN

ADRENALIN

20/11/2021
8 A.M



DOPAMIN
v Tác dụng lên receptors dopaminergic và adrenergic à tác động lên cả tim,

mạch máu ngoại vi, mạch thận, mạch nội tạng tùy theo liều dùng
v Chỉ định: Sốc tim, suy tim, nhịp chậm kém đáp ứng atropin
v Liều thấp (0,5 - 3 μg/kg/phút) kích thích receptor D1, D2 à giãn mạch thận,

mạch vành, mạc treo, mạch não. Có tác dụng lợi tiểu do tác dụng vào ống thận
tăng thải natri. Không làm  MLCT và chưa được chứng minh có tác dụng bảo
vệ thận.

v Liều trung bình 3 - 10 μg/kg/phút: Kích thích receptor β1 gây tăng co bóp cơ
tim, tăng tần số tim, tăng nhẹ sức cản mạch hệ thống

v Liều cao 10 - 50 μg/kg/phút: Kích thích α1 gây co mạch mạnh
v Tác dụng phụ: Rối loạn nhịp thất, thiếu máu cơ tim, tụt huyết áp.

21
Uptodate (2021), “Vasopressors and inotropes in treatment of acute hypotensive states and shock: Adult dose and selected characteristics”
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200 mg
50 ml

= 200 mg/50 ml
= 200.000 μg/50ml
= 4000 μg/ml

Pha loãng đủ
50 ml

Ống
200mg/5ml

Liều 1-50
μg/kg/phút

DOPAMIN

DOPAMIN

DOPAMIN

DOPAMIN

20/11/2021
8 A.M



v Vasopressin kích thích thụ thể AVPR1a (co mạch), AVPR1b (tăng bài tiết
ACTH), và AVPR2 (chống bài niệu). Thuốc chuyển hoá tại gan, thận

v Vasopressin được khuyến cáo lựa chọn thứ 2 sau noradrenalin trong sốc
nhiễm khuẩn. Truyền vasopressin có thể giảm nhu cầu sử dụng noradrenalin,
duy trì huyết áp trung bình, tăng tưới máu thận

v Liều dùng: 0,01 – 0,07 IU/phút
vLiều ban đầu: 0,03 IU/phút
vLiều duy trì: 0,03 - 0,04 IU/phút

vTác dụng phụ: Giảm cung lượng tim, thể tích tống máu,
hạ natri máu, liều cao có thể gây tắc mạch.

23

VASOPRESSIN

Steven T. Morozowich (2015),”Pharmacologic agents for acute hemodynamic instability: Recent advances in the management of perioperative 
shock- A systematic review, Annals of Cardiac Anaesthesia, vol18



LƯU Ý KHI SỬ DỤNG VẬN MẠCH 
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v Theo dõi sát bệnh nhân khi dùng: Loạn nhịp,
tăng huyết áp, thiếu máu cơ tim

v Thuốc tránh tiếp xúc ánh sáng trực tiếp
v Không dùng chung với các thuốc kiềm

(NaHCO3…)
v Dùng ở các đường truyền lớn, riêng, tránh

nhầm
v Duy trì hằng định tốc độ truyền
v Lưu ý khi xả dịch, đo CVP
v Cần xây dựng protocol: Pha thuốc,
chỉnh liều thuốc tại khoa phòng.

Uptodate 2021, “Vasopressors and inotropes in treatment of acute hypotensive states and shock: Adult dose and selected characteristics”



SỬ DỤNG THUỐC TRỢ TIM
v Có thực sự cần dùng không ?

25

Cung lượng tim thấp: 
- CI < 2.2 ml/phút/m2

- HATT < 90 mmHg >30 phút
- Thiểu niệu
- Da lạnh ẩm, vân tím
- Thay đổi tri giác
- Lactat tăng, men gan tăng
- ScvO2 giảm < 60%

Thể tích lòng mạch đủ:
- CVP bình thường hoặc tăng 
- Không thấy đàn hồi IVC
- Test nâng chân âm tính
- Nghiệm pháp truyền dịch 

âm tính
- SVV/PPV<12%

Không phải do các nguyên 
nhân cần phải can thiệp thủ 
thuật trước:
- NMCT
- PE cấp
- Cơn nhịp nhanh
- Chèn ép tim cấp
- Sa van tim

Không có các biện pháp thay 
thế khác:
- PCI, CABG
- IABP, ECMO

Dimitrios Farmakis (2019),“A pragmatic approach to the use of inotropes for the management of acute and advanced heart failure: An expert panel consensus”, 
International Journal of Cardiology, 297: 83–90 



v Sốc tim: Noradrenalin kết hợp dobutamin hoặc levosimendan
v Nhiễm khuẩn huyết: Noradrenalin kết hợp dobutamin hoặc levosimendan
v Dùng chẹn beta kéo dài: Levosimendan hoặc milrinon
v Suy thất phải hoặc tăng áp lực động mạch phổi: Levosimendan hoặc

milrinon
v Hội chứng tim thận: Levosimendan
v Bệnh tim thiếu máu cục bộ: Levosimendan hoặc milrinon
v Bệnh suy tim giai đoạn cuối kém đáp ứng: Levosimendan
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CHỌN LỰA THUỐC TRỢ TIM

Dimitrios Farmakis (2019),“A pragmatic approach to the use of inotropes for the management of acute and advanced heart failure: An expert 
panel consensus”, International Journal of Cardiology, 297: 83–90 



v Cải thiện triệu chứng lâm sàng
v Cải thiện HA, nhịp tim, ScvO2, SpO2

v Cải thiện chỉ số tim, áp lực mao mạch phổi
v Lactat giảm
v Tăng lượng nước tiểu
v Chức năng tim cải thiện trên siêu âm.
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NGỪNG SỬ DỤNG THUỐC TRỢ TIM

Dimitrios Farmakis (2019),“A pragmatic approach to the use of inotropes for the management of acute and advanced heart failure: An expert 
panel consensus”, International Journal of Cardiology, 297: 83–90 
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SỬ DỤNG THUỐC TRỢ TIM

Norepinephrine is a vasoconstrictor rather than an inotropic agent
through its action on alpha-1 receptors and, in the case of HF, is usually
used in combination with classical inotropes in cardiogenic shock to
restore blood pressure or in association with dobutamine or inodilators
to avoid hypotension. Epinephrine causes vasodilation at low doses
(b0.01 μg/kg/min) and inotropy along with vasoconstriction at higher
doses (0.05–0.5 μg/kg/min). It is used primarily in the setting of cardiac
arrest. Epinephrine may result in lactic acidosis while its use in
cardiogenic shock has been associated with increased mortality and
should be avoided [17].

2.2. The phosphodiesterase III inhibitors

Phosphodiesterase III inhibitors include milrinone and enoximone,
although the latter is not currently available or in use inmany countries.
Phosphodiesterase III inhibitors increase intracellular cAMP levels in
cardiomyocytes by inhibiting its breakdown by the sarcoplasmic
reticulum-associated phosphodiesterase III, thus increasing intracellular
Ca2+. Besides their inotropic effect, they also cause peripheral and
pulmonary vasodilatation and thus a drop in systemic and pulmonary
pressure and resistance through an effect on vascular smooth muscle
cells. On the other hand, due to their pharmacokinetic and
pharmacodynamic characteristics, they induce tolerance [18] as well
an increase in vascular resistance in end-organs [19].

2.3. The calcium sensitizer levosimendan

Levosimendan exerts its inotropic effects through sensitization of
cardiac troponin C to Ca2+, without increasing the intracellular Ca2+

concentration, thuswithout disturbing relaxation ormyocardial oxygen
consumption/supply balance. Levosimendan also causes vasodilation by
activation of the ATP-sensitive K+ channels in vascular smooth muscle
cells, while at higher doses, it also acts as a PDEi. In addition to its
hemodynamic effects, levosimendan has further been shown to bear
pleiotropic properties beyond HF and the heart, including protection
of myocardial, renal, hepatic and neural cells from ischemia/reperfusion
injury, and further anti-inflammatory and anti-oxidative effects [20].
These properties seem to be primarily related to the activation of ATP-
sensitive K+ channels in mitochondria [21]. Another particular feature
of the drug is the prolonged action, compared to other inotropes, that
lasts several days after discontinuation of the infusion, which is
provided by the long elimination half-life of the active metabolite OR-
1896 of approximately 80 h. In patients with severe renal dysfunction,
the elimination half-life may be extended up to 1.5 fold, prolonging

further the action of the drug. In a review of different meta-analyses,
levosimendan was consistently associated with lower mortality that
reached statistical significance in most of the studies [22].

2.4. Comparing the properties of inotropes

It has been shown that all of the above inotropic agents, besides
increasing cardiac contractility, also bear vasoactive properties, causing
either vasoconstriction, as in the case of norepinephrine, epinephrine
and high-dose dopamine or vasodilation, as in the case of PDEi,
levosimendan and low-dose dobutamine. These properties should be
taken under consideration when choosing among the different
inotropes. Due to their combined inotropic and vasodilating effects,
PDEi and levosimendan are often referred to as inodilators.

Inotropes bear a non-negligible risk of important adverse events.
Dopamine may induce tachyarrhythmias, particularly at high doses
[16]. Dobutamine, apart from tachyarrhythmias, also causes
hypotension at low doses due to vasodilation. Norepinephrine may
indirectly induce arrhythmias by unbalancing myocardial oxygen
supply-demand and increasing systemic vascular resistance.
Epinephrine has several adverse effects including tachyarrhythmias,
myocardial ischemia and systemic or pulmonary hypertension.
Milrinone causes tachyarrhythmias and profound arterial hypotension,
while it should be used with caution in patients with impaired or
deteriorating renal function. Levosimendan may cause arrhythmias
and hypotension. Themost commonly encountered form of arrhythmia
is atrial fibrillation, while the arrhythmogenic effect of the drug is less
pronounced compared to other inotropes due to the avoidance of
cardiomyocyte calcium overload [20,23]. Furthermore, limited data
shows that the hypotensive effect of levosimendan may not require an
excessive increase in vasopressors in cardiogenic shock [24] as in the
case of PDEi [25]. Both adverse events may be avoided or restricted if
no loading dose is administered [20].

3. Inotropes in acute heart failure

Acute HF is defined as the new onset of or change in symptoms and
signs of HF that requires medical intervention and usually leads to
hospitalization [14]. Acute HF encompasses a wide spectrum of clinical
conditions, ranging from mild and gradually developing central and
peripheral congestion in the presence of chronic HF, to abrupt
congestion with acute pulmonary edema caused by an acute
hemodynamic derangement, such as a hypertensive peak, to low output
syndromes and to cardiogenic shock [26]. Prognosis varies accordingly,

Table 1
Inotropic agents in current use for the treatment of heart failure (modified from Bistola V & Chioncel O [31]).

Adrenergic receptors agonists Calcium sensitizer PDE III inhibitor

Agents Dopamine Dobutamine Nor-epinephrine Epinephrine Levosimendan Milrinone

Mechanism of
action

D N β; HD, α β1 N β2 N α α N β1 N β2 β1 = β2 N α Calcium sensitization; HD, PDE III inhibition PDE III inhibition

Inotropic effect ↑↑ ↑↑ (↑) ↑↑ ↑ ↑
Arterial
vasodilatation

↑↑ (renal, LD) ↑ 0 ↑ ↑↑ ↑↑↑

Vasoconstriction ↑↑ (HD) ↑ (HD) ↑↑ ↑ (HD) 0 0
Pulmonary
vasodilatation

↑ or 0 ↓ or 0 (at high
PVR)

↓ or 0 (at high PVR) ↑↑ ↑↑

Elimination t½ 2 min 2.4 min 3 min 2 min 1,3 h
(active metabolite, 80 h)

2,5 h

Infusion dose b3 μg/kg/min: renal
vasodilation;
3–5 μg/kg/min:
inotropic;
N5 μg/kg/min
vasoconstrictor

1–20
μg/kg/min

0.02–10
μg/kg/min

0.05–0.5 μg/kg/min 0.05–0.2 μg/kg/min 0.375–0.75
μg/kg/min

Bolus dose No No No 1 mg during resuscitation
every 3–5 min

6–12 μg/kg over 10 min (optional, only in
euvolemic and eukalemic state)

25–75 μg/kg over
10–20 min

PDE: phospodiestarase; D: dopaminergic receptors; HD: high dose; LD: low dose; PVR: pulmonary vascular resistances; CS: cardiogenic shock.

85D. Farmakis et al. / International Journal of Cardiology 297 (2019) 83–90

Dimitrios Farmakis (2019),“A pragmatic approach to the use of inotropes for the management of acute and advanced heart failure: An expert 
panel consensus”, International Journal of Cardiology, 297: 83–90 



DOBUTAMIN
v Kích thích mạnh với receptor β1 và β2 theo tỷ lệ 3:1, yếu lên α
v Tăng co bóp cơ tim, tăng cung lượng tim, tác dụng tăng nhịp tim yếu.

Dobutamin làm tăng tiêu thụ oxy cơ tim à Test chẩn đoán thiếu máu cơ tim
v Chỉ định: Giảm cung lượng tim (sốc tim, SNK có rối loạn chức năng tim) , nhịp

chậm kém đáp ứng với atropin
v Liều ≤ 5 μg/kg/phút gây giãn mạch nhẹ. Liều>15 μg/kg/phút tăng co bóp cơ tim

mà không ảnh hưởng tới sức cản mạch hệ thống. Liều cao gây co mạch
v Tác dụng phụ: Tăng tần số thất ở BN rung nhĩ, rối loạn nhịp thất, thiếu máu cơ

tim, THA (ở những BN ức chế không chọn lọc β)
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v James A. Russell (2019), “Vasopressor therapy in critically ill patients with shock”, Intensive Care Med (2019) 45:1503–1517
v Uptodate 2021, “Vasopressors and inotropes in treatment of acute hypotensive states and shock: Adult dose and selected characteristics”
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250 mg
50 ml

= 250 mg/50 ml
= 250.000 μg/50ml
= 5000 μg/ml

Pha loãng đủ
50 ml

Ống
250mg/5ml

Liều 1-20 μg/kg/phút

DOBUTAMIN

DOBUTAMIN

DOBUTAMIN

DOBUTAMIN

20/11/2021
8 A.M



LEVOSIMENDAN
v Levosimendan tăng cảm nhận của troponin C với

canxi nội bào à tăng khả năng co bóp cơ tim

v Levosimendan gây giãn mạch hệ thống bằng cách

mở ra các kênh kali trên bề mặt tế bào cơ trơn

31

v Levosimendan cũng có một số tính chất tương tự thuốc ức chế PDE3
v Thuốc được sử dụng nhiều ở Châu Âu, tuy nhiên chưa được FDA chấp thuận tại Mỹ
v Liều dùng: 12 - 24 μg/kg sau đó duy trì 0,05 - 0,2 μg/kg/phút. Hiệu quả cải thiện huyết

động phụ thuộc vào liều sử dụng
v Tác dụng phụ: Hạ huyết áp.

Steven T. Morozowich (2015),”Pharmacologic agents for acute hemodynamic instability: Recent advances in the management of perioperative 
shock- A systematic review, Annals of Cardiac Anaesthesia, vol18



TÁC DỤNG TRÊN HUYẾT ĐỘNG

vCO: Cung lượng tim

vdP/dT: Sức co bóp cơ tim HR: Nhịp tim

vSVR: Sức cản mạch HT

32

vPVR: Sức cảm mạch phổi

vPCWP: AL đổ đầy mao mạch phổi bít

vMvO2: Tiêu thụ O2 cơ tim



TÁC DỤNG PHỤ THUỐC VẬN MẠCH-TRỢ TIM
v Nhịp tim nhanh 
v Rối loạn nhịp nhanh
v Co mạch quá mức
v Thiếu máu cục bộ
v Tăng đường huyết
v Tăng lactate máu 
v Tổn thương thận cấp 
v Giảm CO
v Tác động hệ miễn dịch
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How early clinicians should start norepinephrine in 
shock is uncertain. Early low-dose norepinephrine may 
be more effective than later norepinephrine. In a recent 
proof-of-principal RCT [61] (n = 310) of early low-dose 
norepinephrine versus placebo, the primary outcome 
(control of shock: MAP > 65  mmHg plus either urine 
output > 0.5  ml/kg/h or 10% lactate decline) occurred 
significantly more often (76.1% vs. 48.4%) and mortality 
was nominally lower (15.5% vs. 21.9%, p = 0.15) in early 
norepinephrine group. Cardiogenic pulmonary edema 
and new-onset arrhythmias were halved with early nor-
epinephrine. Early norepinephrine may be effective by 
decreasing organ injury, norepinephrine doses, and/or 
norepinephrine’s immune effects [36] (Fig.  1). Further 
RCTs of early norepinephrine are needed. Norepineph-
rine’s adverse events rates (10–15%) were significantly 
less than with dopamine [48] and similar to vasopressin 
[12, 15] and epinephrine [37, 47].

Epinephrine
Epinephrine is a second line agent in septic shock [3] 
(weak recommendation, low evidence) [3, 37, 62] in 
patients not responding to norepinephrine. Epinephrine 
has more β1 agonism than norepinephrine. Although 
RCTs show that epinephrine is comparable to norepi-
nephrine [37], to norepinephrine plus dobutamine [47], 
and to norepinephrine and vasopressin [63], epinephrine 

is not first line because of increased risk of splanchnic 
vasoconstriction, tachyarrhythmias, and hyperlactatemia 
[3, 37, 47]. Epinephrine may be a first-line vasopressor 
in countries where norepinephrine is too costly [64], 
because epinephrine is less expensive and had equivalent 
efficacy in a meta-analysis [62].

Phenylephrine
Phenylephrine is a nearly pure α1-agonist commonly 
used short-term for transient profound hypotension. 
Phenylephrine can cause baroreceptor-mediated reflex 
bradycardia (because of α1-induced vasoconstriction) 
and splanchnic ischemia and so is not recommended 
for resuscitation of septic shock [3]. Phenylephrine may 
be less effective in practice than norepinephrine based 
on a natural experiment arising from a recent national 
US shortage of norepinephrine [65]. Phenylephrine was 
the most commonly used vasopressor during the norepi-
nephrine shortage and phenylephrine use was associated 
with a higher mortality than norepinephrine use [65], but 
this was a non-randomized, non-blinded low evidence 
experiment.

Dopamine
Dopamine was previously a first-line vasopressor in sep-
tic shock, but dopamine’s greater adverse event rates 
(higher heart rate and tachyarrhythmia rates) than 

Table 3 Adverse effects of vasopressors according to specific vasopressors, mechanisms and diseases that interact 
with specific adverse effects with an emphasis on septic shock

Vasopressin may decrease pooled adverse event rates and specific adverse events (vasodilatory shock and new onset atrial fibrillation) [56]

DIC disseminated intravascular coagulation, CHF congestive heart failure, IHD ischemic heart disease, DM diabetes mellitus, CRD chronic kidney disease, ACE 
angiotensin converting enzyme inhibitors
a Indicates that adverse event rates are similar in RCTs and observational studies between vasopressors mentioned
b Angiotensin II RCT [16) used placebo as control so it is difficult to compare adverse event rates between various comparable vasopressors
c Dobutamine is an inotropic agent, but it is included because it is often administered with vasopressors
d Immune effects are complex [36, 40] and of uncertain clinical significance to date

Adverse effect Mechanisms Vasopressors causing this adverse effect Disease interactions

Ischemia: cardiac, cerebral, 
splanchnic, renal, digital

α1
AVPR1a
AGTR1, AGTR2

Norepinephrine, epinephrine, dopamine vasopressin, terlipres-
sin,  selepressina

Angiotensin  IIb

DIC

Tachycardia, tachyarrhythmias β1
β1, DA1, DA2
β1

Epinephrine > norepinephrine > vasopressin
Dopamine > norepinephrine
Dobutaminec

CHF, IHD

Atrial fibrillation ? β1 ? Epinephrine > norepinephrine CHF, IHD

Hyperglycemia β1 Epinephrine > norepinephrine DM, corticosteroids

Hyperlactatemia β1 Epinephrine > norepinephrine

Decreased cardiac output α1
AVPR1a

Phenylephrine > norepinephrine, epinephrine, vasopressin, 
terlipressin,  selepressina

CHF, IHD

Acute kidney injury α1
AVPR1a

Phenylephrine > norepinephrine, epinephrine, vasopressin, 
terlipressin,  selepressina

CKD, DM, hypertension, ACE

Immune  effectsd α1, α2, β1, β2
AVPR1a

Phenylephrine norepinephrine, epinephrine
Vasopressin, terlipressin, selepressin

Corticosteroids, immunosuppressants

Philip P. M. (2020), “Current use and advances in vasopressors and inotropes support in shock”, Journal of Emergency and Critical Care Medicine, 2020,4:20

Chỉ định đúng, sử dụng liều thấp, phối hợp thuốc để đạt đích điều trị
và hạn chế các tác dụng phụ



CHỌN LỰA SỬ DỤNG THUỐC VẬN MẠCH

34been associated with increased mortality.47 Complications of
PACs include pulmonary infarcts, cardiac arrhythmias such as
heart block, infection, and balloon rupture. An LBBB,
commonly seen in ACS, is a contraindication to a PAC
without backup ventricular pacing because of the risk of
precipitating a right bundle branch block (RBBB). In critically ill
patients, a PAC is not always time effective and clinical
decisions are frequently made in the absence of this
investigation.

MCS Devices
While inotropic agents are used widely, mortality is higher
with an increased number of prescribed inotropes/vasopres-
sors.48,49 Furthermore, catecholamine therapy is associated
with significant limitations including arrhythmias, increased
myocardial oxygen consumption, and inadequate circulatory
support.50 MCS devices (Table 4)11,51–53 offer significant
advantages over vasopressor therapy including substantial

cardiovascular support without increased risk of myocardial
ischemia and possible decreased myocardial oxygen
demand.54 Most importantly, there are registry data indicating
that early MCS device use is associated with improved
survival rates.49 Thus, early use of support devices is an
important therapeutic intervention. Options for acute percu-
taneous MCS include the intra-aortic balloon pump (IABP),
axial flow pumps (Impella LP 2.5, Impella CP), left atrial-to-
femoral arterial ventricular assist devices (Tandem Heart) and
venous-arterial extracorporeal membrane oxygenation
(ECMO).

The left ventricular pressure-volume loop (PVL) illustrates
the 4 phases of the cardiac cycle—(1) isovolumetric
contraction, (2) ejection, (3) isovolumetric relaxation and (4)
filling. In the absence of pathology the loop is trapezoidal with
a rounded top, but the position and morphology of the loop
depend on ventricular preload and afterload. Preload is the
cardiac “wall stress”; it is the end-diastolic volume that results
in the greatest average sarcomere stretch in the myocardium.

Table 2. Summary of Systemic Vasopressors

Agents Mechanism Effect Indications Considerations

Phenylephrine A1 agonist Vasoconstriction Various forms of shock Caution in cardiac dysfunction as
it increases afterload

Norepinephrine A<B agonist Inotropy, chronotropy,
dromotropy,
and vasoconstriction

Most common first line
agent in shock

Most benefits demonstrated
in septic shock

Epinephrine A!B agonist Inotropy, chronotropy,
dromotropy,
and vasoconstriction

Commonly used as
second line agent or
first line in
anaphylactic shock

Surviving Sepsis Guidelines has
most data for epinephrine
as second line agent

Dopamine Dose dependent A,
B, and D agonism

Inotropy, dromotropy,
chronotropy,
and vasoconstriction
(at highest doses)

Second line agent in most
forms of shock

SOAP II trial demonstrated more
incidence of tachy-arrythmias and
increased mortality in CS patients when
dopamine was used as first line

Vasopressin V1 agonist Vasoconstriction Second line agent in
most forms of shock

On or Off dosing, can cause hyponatremia

Dobutamine B agonist Inotropy and mild
vasodilation

Commonly used in
cardiogenic shock

May contribute to hypotension

Levosimendan Myofilament Ca2+ sensitizer
and K+ channel modifier

Ionotropy and inodilator Used in acutely decompensated
chronic heart failure

Minimal effect on myocardial
oxygen consumption

CS indicates cardiogenic shock; SOAP, Sepsis Occurrence in Acutely Ill Patients.

Table 3. Summary of Vasoactive Agents Within the Pulmonary Circuit

Agent Mechanism Route Side Effects

Nitric Oxide ↑ cGMP Inhaled Blurred vision, confusion, sweating, malaise, headache, bleeding

Milrinone Phosphodiesterase 3 inhibitor Intravenous Bleeding, hypotension, chest pain, tremors, bronchospasm, hypokalemia

Prostacyclin ↑ cAMP, ↑ K, ↓ ET-1, and ↑ K+ Inhaled or Intravenous Bleeding, arrhythmias, diarrhea, edema, fevers, chills

Dobutamine B agonist Intravenous Hypotension, tachyarrhythmia, headache, thrombocytopenia
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necessitates titration back to higher doses, followed 
when “stability” recurs by repeated weaning. Medical 
informatics accurately predicts successful vasopres-
sor weaning earlier and more accurately than clinicians 
[58].

Outcomes in RCTs of vasopressors
Fortunately, there are several high-quality RCTs of vaso-
pressors in septic shock. The usual primary outcome for 
RCTs of vasopressors in septic shock is short-term (e.g. 
28-day) mortality but short-term mortality has decreased 
[59], so RCTs of vasopressors now focus on improving 
long-term outcomes and short-term organ dysfunction 
that aligns with long-term outcomes [60]. The pivotal 

RCT of selepressin in septic shock was vasopressor- and 
ventilation-free days [45].

Clinicians should understand pharmacology, guide-
lines, effects, adverse effects, and dosing of vasopressors 
(Table 1).

Norepinephrine
In the Surviving Sepsis Campaign (SSC) guidelines, 
norepinephrine is the first line vasopressor (moderate 
evidence) [3]. Norepinephrine’s potent α1, α2, and less 
potent β1, β2 receptor binding increases smooth muscle 
intracellular calcium concentration and vasoconstriction 
and some positive inotropic activity (increasing ventricu-
lar contractility).

Table 2 Pivotal randomized controlled trials of vasopressors in septic shock

HR hazard ratio, RR relative risk, DAF days alive and free of interventions such as vasopressors, ventilation and renal replacement therapy (RRT), NS not significant
a 28-day mortality was a secondary outcome; renal failure-free days was the primary outcome
b All causes of shock; 28-day mortality
c Hazard ratio
d Relative risk

Trial (reference 
number)

Vasopressor 
intervention (n)

Control (n) Total n Intervention 
mortality (%)

Control mortal-
ity (%)

ARR (95% CI) p Secondary out-
comes p

SEPSIS-ACT [45] Selepressin (562) Placebo (266) 828 40.6% 39.4% NA RRT-free days, ICU-
free days

VASST [12] Norepinephrine 
(382)

Vasopressin 
(396)

778 35.4%a 39.3% 3.9 (− 2.9 to 
10.7) 0.26

DAF vasopressors, 
ventilation and 
renal replace-
ment therapy 
p NS

VANISH [15] Norepinephrine 
(204)

Vasopressin 
(205)

409 30.9%a 27.5% 3.4 (− 5.4 to 
12.3)

RRT rates, dura-
tion, organ 
failure-free days, 
ICU/hospital 
duration p NS

SOAP II [48] Norepinephrine 
(821)

Dopamine (858) 1679 48.5%b 52.5% 1.17 (0.97 to 
1.42) 0.10

DAF vasopressors, 
ventilation and 
renal replace-
ment therapy; 
ICU/hospital 
duration

ATHOS-3 [16] ANG II (163) Placebo (158) 479 46%a 54% HR: 0.78c (0.57 to 
1.07) 0.12

Change in CVS 
and total SOFA; 
change in 
norepinephrine 
dose

CAT [37] Epinephrine 
(139)

Norepinephrine 
(138)

277 23%a 27% HRc: 0.87 (0.48 to 
1.58) 0.65

Primary outcome: 
DAF vasopres-
sors (time to 
achieve target 
MAP for 24 h)

CATS [47] Epinephrine 
(161)

Norepinephrine 
plus dobu-
tamine (169)

330 40%a 34% RRd: 0.86 (0.65 to 
1.14) 0.31

ICU, hospital 
and 90-day 
mortality; 
hemodynamics; 
SOFA; time to no 
vasopressors for 
24 h
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Tỉ lệ tử vong
trong vòng 28
ngày không có
sự khác biệt
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Abstract 
Background: Vasopressors are commonly applied to restore and maintain blood pressure in patients with sepsis. We 
aimed to evaluate the current practice and therapeutic goals regarding vasopressor use in septic shock as a basis for 
future studies and to provide some recommendations on their use.
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accessible to members of the European Society of Intensive Care Medicine (ESICM). A total of 17 questions focused 
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main trigger for vasopressor use was an insufficient mean arterial pressure (MAP) response to initial fluid resuscitation 
(83%). The first-line vasopressor was norepinephrine (97%), targeting predominantly a MAP > 60–65 mmHg (70%), 
with higher targets in patients with chronic arterial hypertension (79%). The experts agreed on 10 recommendations, 
9 of which were based on unanimous or strong (≥ 80%) agreement. They recommended not to delay vasopressor 
treatment until fluid resuscitation is completed but rather to start with norepinephrine early to achieve a target MAP 
of ≥ 65 mmHg.

Conclusion: Reported vasopressor use in septic shock is compliant with contemporary guidelines. Future studies 
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Administering 30  mL/kg crystalloid is a useful initial 
therapy for the majority of patients and this literature 
supported fluid dose is linked to good outcomes [3, 4]. 
Figure 2 offers guidance for initial fluid resuscitation and 
is built forward from the guidelines recommendation for 
30  mL/kg initial crystalloid fluid administration within 
the first six hours for sepsis-induced tissue hypoperfu-
sion. The flow diagram incorporates some of our own 
opinions for successful fluid resuscitation based on expe-
rience and our understanding of the literature.

Another illustration is the recommendation for an 
initial mean arterial pressure target of septic shock of 
65  mm Hg—a solid initial target with significant litera-
ture support—yet clearly one size does not fit all. Hav-
ing a mean blood pressure target for the “typical” patient 
enables the art of medicine and provides a rationale for 
the provider in choosing a higher target for the atypical 
patient. Thus higher-than-reference values could—and 
perhaps even should—be selected for the patient with 
chronic poorly controlled hypertension, intra-abdominal 
compartment syndrome, or high central venous pressure 
(CVP) with acute decrease in renal perfusion [5–7].

Values of the recommendations
What about strong versus weak recommendations? 
Strong recommendations should be included as part 
of usual care of the septic patient. Weak recommenda-
tions imply that although the majority of well-informed 
patients or surrogate decision makers would want this 
done, others would not. Recognizing the complexity of 
many septic patients-heterogeneity of disease process 
and co-morbidities—one may arrive at the conclusion 
that in a particular patient, even a strong recommenda-
tion may not be in that patient’s best interest.

What does the quality of evidence communicate that 
the strength of recommendation does not? The quality 
of evidence reflects the experts’ confidence in the recom-
mendation: high quality evidence generally means that 
the experts have high confidence in the recommenda-
tion while low quality evidence reflects lower confidence 
in the recommendation. The quality of evidence is an 
important determinant of the strength of recommen-
dation (“strong, do it” or “weak, probably do it” recom-
mendation). Substantial insight may be offered by the 
quality of evidence for the scientist searching for more 

Vasopressor Use for Adult Sep!c Shock
(with guidance for steroid administra!on)

Ini!ate norepinephrine (NE) and !trate up to 35-90 µg/min 
to achieve MAP target 65 mm Hg

MAP target 
achieved

MAP target not achieved 
and judged 

poorly responsive to NE

Add vasopressin up to 
0.03 units/min to achieve 

MAP target*
Con!nue norepinephrine alone or 

add vasopressin 0.03 units/min 
with  an!cipa!on of decreasing 

norepinephrine dose

MAP target 
achieved

MAP target 
not achieved

Add epinephrine up to 
20-50 µg/min to achieve MAP 

target**

MAP target 
achieved

MAP target 
not achieved

Add phenylephrine up to 
200-300 µg/min to 

achieve MAP target***

* Consider IV steroid administra!on
** Administer IV steroids

*** SSC guidelines are silent on phenylephrine

Notes:  
• Consider dopamine as niche vasopressor in the presence of sinus bradycardia.

• Consider phenylephrine when serious tachyarrhythmias occur with norepinephrine or epinephrine.

• Evidence based medicine does not allow the firm establishment of upper dose ranges of 
norepinephrine, epinephrine and phenylephrine and the dose ranges expressed in this figure are 
based on the authors interpreta!on of the literature that does exist and personal 
preference/experience. Maximum doses in any individual pa!ent should be considered based on 
physiologic response and side effects.

Fig. 3 This figure demonstrates how the guideline recommendations on vasopressor and steroid use can be molded into a flow diagram approach 
to the management of septic shock
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Sepsis Guidelines
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The 2016 Surviving Sepsis Guidelines have arrived, a 
remarkable document, all 74 pages with 655 references 
[1, 2]. We congratulate the lead authors and contribut-
ing committee members. With each iteration, the guide-
lines grow more complex and perhaps more challeng-
ing to utilize. Herein, we offer guidance toward effective 
utilization.

Layers of the guidelines
The guidelines may be thought of as several concentric 
layers, similar to an onion (Fig. 1).

The outer layer represents the recommendations. A 
bedside practitioner responsible for immediate deci-
sion making and trusting guidelines process will focus 
on the recommendations. This group of users may find 
the tables of abbreviated recommendations—the essence 
of the guidelines condensed to seven pages—especially 
useful.

The next layer represents the rationales for the recom-
mendations, illuminating the logic—the evidence and the 
thought—underlying each recommendation. For those 
who want a more in-depth understanding of how the 
recommendations were built, the rationales are a great 
resource. Moreover, the rationales help cement the rec-
ommendations for the busy practitioner: insight into the 
biologic plausibility and reasoning enable timely recall. 
The rationales also represent a foundation for educating 
healthcare practitioners on the recognition and treat-
ment of sepsis.

The deepest layer, the core of the onion, houses the 
evidentiary tables. The tables compile and organize the 

existing data in a manner that provides insight into the 
reasoning behind each recommendation (magnitude of 
benefit or harm and the quality of evidence). This layer 
is typically for the inquisitive clinician and for the clinical 
scientist with focused interest in sepsis.

Guidelines as a resource
The collected guidelines are a resource document appli-
cable to a variety of areas of sepsis management. Some 
areas are broad, such as initial resuscitation. Some areas 
are narrow, such as empiric therapy of a potential fungal 
infection. Inspection and reflection will provide insight 
into what can be stated with confidence and—equally 
important—where opportunities for future research lie.

The guidelines also tell a story about the approach to 
treating the sepsis patient through a management con-
tinuum beginning with diagnosis, initial resuscitation, 
antimicrobial therapy, source control, fluid/vasoactive 
therapy, and progressing through organ support and 
adjunctive therapy recommendations.

Two aspects of the guidelines should be understood. We 
illuminate these two aspects through an analysis of the pri-
ority currently assigned to early identification and initial 
treatment of sepsis, including antibiotics and fluid therapy.

First, the recommendation for antibiotic administra-
tion within an hour of diagnosis of sepsis is a lofty goal of 
care, judged to be ideal for the patient but not yet stand-
ard care. Despite the best intentions of the healthcare 
team, antibiotic administration within 1  h from time of 
diagnosis may be difficult due to the complexity of the 
hospital environment and essential care being delivered 
to other patients during the same time period by the 
same healthcare practitioners and health system. This 
is one among several “aspirational recommendations” 
considered by the experts to represent best practice that 
individual practitioners and healthcare teams should 
strive to operationalize.

*Correspondence:  Dellinger-Phil@CooperHealth.edu 
1 Cooper University Health and Cooper Medical School of Rowan 
University, Camden, NJ, USA
Full author information is available at the end of the article
This editorial is to be co-published in Intensive Care Medicine and Critical 
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dopamine as a vasoconstrictor. In a systematic review 
and meta-analysis of 11 RCTs, norepinephrine resulted 
in a lower mortality (RR 0.89; 95% CI 0.81–0.98) and 
lower risk of arrhythmias (RR 0.48; 95% CI 0.40–0.58) 
compared with dopamine [347]. Although the β-1 activ-
ity of dopamine may be useful in patients with myocar-
dial dysfunction, the higher risk of arrhythmias limits its 
use [348].

Epinephrine’s action is also dose-dependent with 
potent β-1 adrenergic receptor activity and moderate β-2 
and α-1 adrenergic receptor activity. The activity of epi-
nephrine, at low doses, is primarily driven by its action 
on β-1 adrenergic receptors, resulting in increased car-
diac output (CO), decreased systemic vascular resist-
ance (SVR) and variable effects on MAP. At higher doses, 
however, epinephrine administration results in increased 
SVR and CO. Potential adverse effects of epinephrine 
include arrhythmias and impaired splanchnic circula-
tion [349]. Epinephrine may increase aerobic lactate 
production via stimulation of skeletal muscle β-2 adren-
ergic receptors, making the use of serum lactate to guide 
resuscitation challenging [350]. A randomised blinded 
study comparing epinephrine with norepinephrine in 
patients with shock showed no difference in 90-day mor-
tality (HR 0.88; 95% CI 0.63–1.25) and vasopressor-free 
days [351]. The panel issued a strong recommendation 

for norepinephrine as the first-line agent over other vaso-
pressors (Fig. 2).

Vasopressin is an endogenous peptide hormone pro-
duced in the hypothalamus and stored and released by 
the posterior pituitary gland. Its mechanism for vasocon-
strictive activity is multifactorial and includes binding 
of  V1 receptors on vascular smooth muscle resulting in 
increased arterial blood pressure. Studies show that vaso-
pressin concentration is elevated in early septic shock 
but decreases to normal range in the majority of patients 
between 24 and 48 h as shock continues [352, 353]. This 
finding has been called “relative vasopressin deficiency” 
as, in the presence of hypotension, vasopressin would be 
expected to be elevated. The significance of this finding 
is unknown. Unlike most vasopressors, vasopressin is 
not titrated to response, but it is usually administered at 
a fixed dose of 0.03 units/min for the treatment of septic 
shock. In clinical trials, vasopressin was used up to 0.06 
units/min [354]. Higher doses of vasopressin have been 
associated with cardiac, digital, and splanchnic ischaemia 
[355].

The VANISH trial directly compared the use of vaso-
pressin versus norepinephrine by randomizing patients 
with septic shock in a factorial 2 × 2 design aiming to 
also assess the role of hydrocortisone. There was no sig-
nificant difference between the vasopressin and norepi-
nephrine groups in 28-day mortality [30.9% vs 27.5%; RR 

Vasoactive Agent Management

 Strong recommendations      Weak recommendations
*When using vasopressors peripherally, they should be administered only for a short period of time and in a vein proximal to the 
antecubital fossa.

Target a MAP of 
65mm Hg

Consider invasive 
monitoring of arterial 
blood pressure

Consider initiating 
vasopressors 
peripherally*

Consider adding 
dobutamine or
switching to 
epinephrine

Consider adding 
vasopressin

Use norepinephrine 

vasopressor

For patients with septic shock 
on vasopressor

If central access is not yet 
available

If cardiac dysfunction with 
persistent hypoperfusion is 
present despite adequate 
volume status and blood 
pressure

If MAP is inadequate despite 
low-to-moderate-dose 
norepinephrine

Fig. 2 Summary of vasoactive agents recommendations

37Laura Evans et al (2021),”Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021” 
Intensive Care Med 

v Noradrenalin +/- vasopressin
v Phối hợp thêm dobutamin đối

với SNK có rối loạn chức năng
tim khi đã đủ dịch kèm vận
mạch mà huyết áp không cải
thiện +/- adrenalin

v Sử dụng hydrocortison 200
mg/ngày đối với sốc nhiễm
khuẩn đang phụ thuộc vận
mạch tiến triển

v Sử dụng terlipressin trong SNK
kém đáp ứng với vận mạch
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Sốc tim

Adapted from Hochman42 and Hol-lenberg et al
Copyright © 2003, the American Heart Association, and copyright © 1999, the Ameri-
can College of Physicians.

v Giảm chức năng cơ tim
v Sức cản (+/-)



v Mục đích: Duy trì ổn định các dấu hiệu sinh tồn, đảm bảo tưới máu tạng MAP> 65
v Nguy cơ: Các thuốc vận mạch, trợ tim đều làm tăng tiêu thụ oxy cơ tim và có thể

gây rối loạn nhịp thất, hoại tử thành dải cơ tim và làm tăng diện tích ổ nhồi máu
v Cân nhắc sử dụng khi bệnh nhân rối loạn vận động vùng nặng, tâm thất giãn nhiều
v Cần cân bằng giữa lợi ích và nguy cơ khi dùng thuốc vận mạch. Nên sử dụng liều

thuốc vận mạch thấp nhất có thể để duy trì tưới máu mô và hạn chế được biến
chứng có hại

v Dùng càng sớm càng tốt khi có chỉ định và dừng càng sớm càng tốt khi cải thiện
về tưới máu tạng.
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v Không có bằng chứng xác thực nào là tốt nhất cho sự lựa chọn thuốc ban đầu
v Phụ thuộc vào tổn thương ở từng bệnh nhân cụ thể, đáp ứng với điều trị phải

được theo dõi sát: Lâm sàng, SA tim, catheter ĐM phổi, SvO2, HAĐM xâm nhập
v Vasopressin ít gây co mạch phổi hơn noradrenalin nên có thể là lựa chọn đầu đối

với bệnh nhân sốc tim có suy tim phải. Các trường hợp khác noradrenalin vẫn là
lựa chọn đầu tay vì ít gây loạn nhịp hơn.

v Điều trị co mạch phổi: Milrinon, prostacyclin, dobutamin, NO, thuốc ức chế PDE III
v AHA khuyến cáo cân nhắc sử dụng sớm các thiết bị hỗ trợ thất, ECMO
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Fig. 4 – Initial assessment of patient with suspected acute heart failure. ECG¼electrocardiogram; ETT¼endotracheal tube;
IABP¼intra-aortic balloon pump; NIV¼non-invasive ventilation; NP¼natriuretic peptide. (a) For example, respiratory distress,
confusion SpO2o90%, or PaO2o60 mm Hg (8.0 kPa). (b) For example, ventricular tachycardia, third-degree atrioventricular block. (c)
Reduced peripheral and vital organ perfusion—patients often have cold skin and urine output r15 ml/h and/or disturbance of
consciousness. (d) Percutaneous coronary revascularization (or thrombolysis) indicated if ST-segment elevation or new left bundle
branch block. (e) Vasodilators should be used with great caution, and surgery should be considered for certain acute mechanical
complications (e.g. inter-ventricular septal rupture, mitral valve papillary muscle rupture).

Table 9 – Intravenous vasodilators used to treat acute heart failure.

Vasodilator Dosing Main side effects Other

Nitroglycerine Start with10–20 mg/min, increase up to 200 mg/min Hypotension, headache Tolerance on continuous
use

Isosorbide
dinitrate

Start with 1 mg/h, increase up to 10 mg/h Hypotension, headache Tolerance on continuous
use

Nitroprusside Start with 0.3 mg/kg/min and increase up to 5 mg/kg/
min

Hypotension, isocyanate
toxicity

Light sensitive

Nesiritidea Bolus 2 mg/kgþinfusion 0.01 mg/kg/min Hypotension

a Not available in many European Society of Cardiology countries.

Table 10 – Drugs used to treat acute heart failure that are positive inotropes or vasopressors or both.

Bolus Infusion rate

Dobutamine No 2–20 mg/kg/min (bþ)
Dopamine No o3 mg/kg/min: renal effect (dþ)

3–5 mg/kg/min; inotropic (bþ)
45 mg/kg/min: (bþ), vasopressor (aþ)

Milrinone 25–75 mg/kg over 10–20 min 0.375–0.75 mg/kg/min
Enoximone 0.5–1.0 mg/kg over 5–10 min 5–20 mg/kg/min
Levosimedana 12 mg/kg over 10 min (optional)b 0.1 mg/kg/min, which can be decreased to 0.05 or increased

to 0.2 mg/kg/min
Norepinephrine No 0.2–1.0 mg/kg/min
Epinephrine Bolus: 1 mg can be given i.v. during resuscitation,

repeated every 3–5 min
0.05–0.5 mg/kg/min

a¼Alpha adrenoceptor; b¼beta adrenoceptor; d¼dopamine receptor.
a Also a vasodilator.
b Bolus not recommended in hypotensive patients (systolic blood pressure o90 mm Hg).

c o r e t v a s a 5 5 ( 2 0 1 3 ) e 2 5 – e 4 0e38

Jaromir Hradec (2013),”Summary of the ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012. Prepared by 
the Czech Society of Cardiology, cor et vasa 55, e25–e40 
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v Nếu sốc tắc nghẽn do TKMP áp lực hoặc chèn ép tim cấp do

tràn máu thì phải giải phóng tắc nghẽn bằng dẫn lưu, không cần
thiết phải dùng thuốc vận mạch.

Suy thất phải

Tụt HA

42

v PE cấp
vTăng HA trung bình để duy trì

tưới máu thất phải
vThuốc vận mạch ưu tiên dùng là

noradrenalin: Các nghiên cứu
cho thấy chức năng thất phải
được cải thiện khi sử dụng
noradrenalin

Corey E. Ventetuolo and James R. Klinger (2014),”Management of Acute Right Ventricular Failure in the Intensive Care Unit”, Ann Am 
Thorac Soc Vol 11, No 5, pp 811–822 

failure and is often the initial pressor used
in our institution for this purpose.

Inotropes
Low-dose dopamine is a reasonable option
to improve RV contractility in patients with
RV failure. Dopamine has dose-dependent
effects on various receptors, activating
dopaminergic receptors at low doses
(,5 mg kg21 min21), b1 receptors at
medium doses (5–10 mg kg21 min21), and a1

receptors at high doses (.10 mg kg21 min21).

At doses below 16 mg kg21 min21,
dopamine increases cardiac output without
compromising pulmonary vascular resistance
(83, 84). Dobutamine is another inotrope
that acts via b1 receptor stimulation, but may
also cause vasodilatation due to b2 effects
(72). At low doses (5–10 mg kg21 min21),
dobutamine improves pulmonary artery/
RV coupling in animal studies and
improves myocardial contractility and
pulmonary vascular resistance in patients
with left heart failure (73, 85). Dobutamine

has been shown to improve hemodynamics
in patients with pulmonary hypertension
at liver transplantation and after RV
infarction (86, 87). Higher doses should be
avoided because of the risk of b2-mediated
vasodilatation and hypotension (32).

Milrinone, a selective PDE-3 inhibitor
that slows intracellular cAMP metabolism, is
an appealing agent for use in pulmonary
vascular disease, because it can improve
inotropy and pulmonary vasodilatation (72, 88,
89). Milrinone is frequently the agent of choice
in patients with pulmonary hypertension
from biventricular failure, and in those
recovering after ventricular assist or cardiac
transplantation (90–92). Several small studies
have also examined the use of inhaled
milrinone in patients with pulmonary vascular
disease to avoid systemic hypotension (93–96).

Inotropes increase the risk of
tachyarrhythmias, and should generally be
considered only when there is evidence of
inadequate oxygen delivery despite the
correction of abnormalities in RV preload,
afterload, and ischemia. Sinus tachycardia is
a normal compensatory mechanism for
insufficient cardiac output. As contractility
decreases or becomes inadequate to keep up
with demand for oxygen delivery, heart
rate increases. As a result, sinus tachycardia
is often a poor prognostic indicator in RV
failure. At the same time, it is important
to avoid increasing cardiac output above
normal levels, because this can increase
pulmonary artery pressures and thereby
increase RV workload. For this reason, some
intensivists prefer to use milrinone for
inotropic support, because it may have less
of a chronotropic effect than dobutamine.

Calcium sensitizers, such as
levosimendan, that enhance myocardial
contractility without increasing cytosolic
calcium and oxygen demand, have been
used to increase cardiac contractility in heart
failure. Randomized placebo-controlled
studies have shown improvement in RV
systolic and diastolic function in patients
with left heart failure (97), and recent
reports describe improved RV function
in response to levosimendan in patients
with RV failure associated with chronic
thromboembolic pulmonary hypertension
and heart transplantation (98, 99).

Mechanical Support

When medical therapy for acute RV failure
in the intensive care unit is ineffective

Figure 7. Ratio of blood flow during systole to blood flow during diastole in the right coronary artery
(RCA) as a function of right ventricular (RV) systolic pressure in patients with pulmonary hypertension.
When RV systolic pressure is near normal levels, the amount of RCA blood flow is similar during
systole and diastole. As RV systolic pressure increases, RCA blood flow during systole falls. Blood
flow in the RCA during systole is inversely proportional to RV systolic pressure, such that RCA blood
flow during systole approaches zero as RV systolic pressure approaches systemic levels.
Reproduced by permission from Reference 67.

Table 2. Vasoactive drugs for management of acute right ventricular failure and their
mechanism of action

Receptor Binding

Agent a1 b1 b2 D V1 Notes

Norepinephrine 11 1 Improves PA/RV coupling in animals
(73–75)

Phenylephrine 11 Increases PVR (71, 74, 77); may induce
reflex bradycardia

Epinephrine 11 11 1 (79)
Vasopressin 1 Dose dependent pulmonary vasodilatation

(0.01–0.03 U/min) and vasoconstriction
(24, 82, 83)

Dopamine Risk of arrhythmias
Low (,5 mg/kg/min) 1 11
Medium (.10 mg/kg/
min)

1 11 11

High (.10 mg/kg/min) 11 11 11
Dobutamine 11 1 b2-mediated drop in SVR (31); risk of

arrhythmias
Milrinone Phosphodiesterase-3 inhibitor; inotropy and

pulmonary vasodilatation; drop in LVEDP
and SVR (72, 84, 89); risk of arrhythmias

Definition of abbreviations: D = dopaminergic receptor; LVEDP = left ventricular end-diastolic
pressure; PA = pulmonary artery; PVR = pulmonary vascular resistance; RV = right ventricle; SVR =
systemic vascular resistance; V1 = vasopressin receptor 1. 1 = low to moderate affinity, 11 =
moderate to high affinity.
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v Gải quyết nguyên nhân và bù hoàn thể tích là ưu
tiên một

v Sử dụng vận mạch duy trì HATT đạt 80 – 90 mmHg
hay MAP 50 - 60 mmHg , tránh tụt HA đe doạ đến tính
mạng (1C)

v Trường hợp có rối loạn chức năng cơ timà phối hợp
thêm dobutamin (1C)

v Sử dụng vận mạch và trợ tim sớm giúp hạn chế tình
trạng quá tải dịch, phù não và ARDS trong sốc máu

v Noradrenalin là thường là lựa chọn đầu tiên, có thể
thay thế/phối hợp với vasopressin. Khi có rối loạn
chức năng tim nặng phối hợp dobutamin/adrenalin
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4  | DISCUSSION

This is the first study to evaluate the association between postopera-
tive vasopressor support and clinical outcomes for the ACHD surgi-
cal patient. High dose vasopressor support following adult congenital 
cardiac	 surgery	 is	 highly	 predictive	 of	 poor	 outcome.	 The	 maxVIS	
score quantifies the maximum amount of vasopressor/inotrope sup-
port	required	by	a	patient	during	the	first	96	postoperative	hours.	Our	
findings	validate	the	maxVIS	as	a	sensitive	predictor	of	postoperative	
morbidity and mortality that can be used for risk stratification for 
the	ACHD	surgical	population.	We	propose	a	VIS	 index	risk	predic-
tion tool (Figure 3), that can be used to guide prognosis and manage-
ment	at	any	point	in	time	in	96	hours	postoperative	ICU	course.	This	
simplified	VIS	 index	model	 outperforms	 the	original	maxVIS	model	
for predicting early mortality and morbidity for ACHD patients. The 
VIS	index	strengthens	the	traditional	inotrope	score’s	ability	to	pre-
dict poor outcome by incorporating dose magnitude and duration of 
inotrope support into the equation and could be used as an illness 
severity score to lead to improved clinical care and guide therapeutic 
decision‐making.	MaxVIS	may	 also	 have	 prognostic	 utility	 in	 coun-
seling patients and families regarding their prognosis.

Currently, robust, well-validated risk prediction and stratification 
tools for ACHD surgery do not exist. Furthermore, pediatric CHD 
and adult non-CHD cardiac risk scores perform poorly when applied 
to	the	ACHD	population.	Our	validation	of	the	maxVIS	for	predicting	
poor outcome is an important step toward developing risk stratifi-
cation tools that are specific to the unique challenges encountered 

TA B L E  6  Performance	characteristics	of	maxVIS

Clinical outcome 
variable AUC 95% CI H‐L P‐value

Combined clinical 
outcome

Composite poor 
outcome

0.819 (0.755,	0.883) 0.205

Complication-re-
lated morbidity

0.761 (0.672,	0.850) 0.793

Primary outcome

Mortalitya 0.916 (0.856,	0.976) 0.529

Secondary outcome

Prolonged	ICU	
LOS

0.851 (0.790,	0.912) 0.064

Prolonged 
mechanical 
ventilation

0.835 (0.747,	0.924) 0.435

Renal failure 0.856 (0.790,	0.922) 0.133

Reoperation for 
bleeding

0.694 (0.462,	0.925) 0.175

Sternal wound 
infection

0.642 (0.488,	0.797) 0.088

Stroke 0.793 (0.641,	0.944) 0.552

Pneumonia 0.718 (0.595, 0.840) 0.830

Abbreviations:	AUC,	area	under	the	curve;	CI,	confidence	interval;	H‐L,	
Hosmer‐Lemeshow	test;	ICU,	intensive	care	unit;	LOS,	length	of	stay.
aMortality is in-hospital death or death within 90 days of hospital 
discharge. 

F I G U R E  2  VIS	index	predicted	risk	
of poor clinical outcome by variable. The 
relationship between the observed risk 
and	the	predicted	risk	based	on	the	VIS	
index model is illustrated graphically. 
Overall	the	predicted	risk	of	having	a	
poor clinical outcome is very consistent 
with the observed risk for complication 
related	morbidity,	prolonged	ICU	LOS,	and	
prolonged mechanical support

VIS = Dopamin (μg/kg/min) + Dobutamin (μg/kg/min) 
+ 100 x Epinephrin (μg/kg/min) 
+ 10 x Milrinon (μg/kg/min)
+ 10 x Phenylephrin (μg/kg/min)
+ 10,000 x Vasopressin (U/kg/min) 
+ 100 x Norepinephrin (μg/kg/min)

Joseph T. Poterucha (2018),”Vasopressor magnitude predicts poor outcome in adults with congenital heart disease after cardiac surgery”, Congenital Heart 
Disease. 2018;1–8. 
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1  | INTRODUC TION

As a result of recent advances in surgical technique, more than 95% 

of children with congenital heart disease (CHD) will now survive into 

adulthood.1,2 Estimates now place the adult congenital heart disease 

(ACHD) population around 1 to 1.3 million with a growth rate of 5% 

per year.2 Despite improved survival, congenital heart surgery, and 

cardiopulmonary bypass can still lead to significant morbidity and 
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Abstract
Background:	High	levels	of	vasoactive	inotrope	support	(VIS)	after	congenital	heart	
surgery are predictive of morbidity in pediatric patients. We sought to discern if this 

relationship applies to adults with congenital heart disease (ACHD).

Methods:	We	retrospectively	studied	adult	patients	(≥18	years	old)	admitted	to	the	
intensive care unit after cardiac surgery for congenital heart disease from 2002 to 

2013	at	Mayo	Clinic.	Vasoactive	medication	dose	values	within	96	hours	of	admis-
sion	were	examined	to	determine	the	relationship	between	VIS	score	and	poor	out-
come of early mortality, early morbidity, or complication related morbidity.

Results:	Overall,	 1040	ACHD	patients	 had	 cardiac	 surgery	 during	 the	 study	 time	
frame; 243 (23.4%) met study inclusion criteria. Sixty-two patients (25%), experi-

enced composite poor outcome [including eight deaths within 90 days of hospital 

discharge (3%)]. Thirty-eight patients (15%) endured complication related early mor-

bidity.	 The	maximum	VIS	 (maxVIS)	 score	 area	 under	 the	 curve	was	 0.92	 (95%	CI:	
0.86‐0.98)	for	in‐hospital	mortality;	and	0.82	(95%	CI:	0.76‐0.89)	for	combined	poor	
clinical	outcome.	On	univariate	analysis,	maxVIS	score	≥3	was	predictive	of	compos-
ite	adverse	outcome	(OR:	14.2,	95%	CI:	7.2‐28.2;	P	<	0.001),	prolonged	ICU	LOS	ICU	
LOS	(OR:	19.2;	95%	CI:	8.7‐42.1;	P	<	0.0001),	prolonged	mechanical	ventilation	(OR:	
13.6;	95%	CI:	4.4‐41.8;	P	<	0.0001)	and	complication	related	morbidity	(OR:	7.3;	95%	
CI:	3.4‐15.5;	P < 0.0001).

Conclusions:	MaxVIS	score	strongly	predicted	adverse	outcomes	and	can	be	used	as	
a risk prediction tool to facilitate early intervention that may improve outcome and 

assist with clinical decision making for ACHD patients after cardiac surgery.

K E Y W O R D S

adult congenital heart disease, cardiac surgery, critical care, vasoactive

NC tại Mayo clinic 11 năm trên 243 bệnh nhân phẫu
thuật tim bẩm sinh có sốcàMaxVIS là yếu tố tiên
lượng diễn tiến bệnh và có thể sử dụng để đánh giá
tình trạng bệnh sau phẫu thuật tim.
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during the ACHD perioperative period. Scoring systems developed 
for the general cardiac surgical population can support prediction of 
anesthesia risk, surgical mortality, and even prolonged mechanical 
ventilation and hospital length of stay.10,11,19 However, scoring sys-
tems	like	the	European	System	for	Cardiac	Operative	Risk	Evaluation	
(Euro	SCORE)	were	developed	for	coronary	artery	bypass	patients,	
they have failed to adequately predict morbidity and mortality risk 
when applied to the ACHD patient.20 The significant association be-
tween vasopressor requirements and poor outcome in the ACHD 
population is consistent with the findings of the original pediatric 
CHD	VIS	 validation	 studies.12,13	 Since	Wernovsky’s	 conception	 of	
the	 inotrope	 score	 (IS)	 in	 1995,	 vasopressor	 requirements	 follow-
ing	pediatric	CHD	surgery	are	commonly	described	with	 the	 IS	or	
the	newer	version	of	this	score,	the	VIS.21	The	VIS	is	simply	the	IS	
with the addition of milrinone, vasopressin, and norepinephrine to 
accommodate	 current	 clinical	 practice.	 The	 original	 pediatric	 VIS	

validation performed by M. Gaies et al was the first to demonstrate 
the highly significant association between the maximum vasopres-
sor support required during the first 48 postoperative hours and 
poor outcome.12	 Three	 additional	 pediatric	 VIS	 validation	 studies	
have confirmed a consistent association between higher magnitude 
of vasopressor support and poor outcome.4,13,22

This is the first study to our knowledge to apply the pediatric 
VIS	 to	 the	 adult	 CHD	 population.	 Surprisingly	 few	 investigations	
have specifically evaluated the association between vasopressor 
support and risk for poor outcome after adult congenital cardiac 
surgery. A recent prospective study of 88 adult cardiac surgical pa-
tients included patients requiring surgery for CHD. All nonsurvivors 
required inotropes in this analysis, and patients who required more 

TA B L E  8  Univariate	analysis—maxVIS	as	a	predictor	of	poor	
outcome

Clinical outcome 
variable n (%) OR 95% CI P

Combined clinical 
outcome

Composite poor 
outcome

62	(25.1%) 14.2 (7.2,	28.2) <0.0001

Complication-
related 
morbiditya

38 (15.4%) 7.3 (3.4, 15.5) <0.0001

Primary outcome

Mortalityb 8 (3%) N/A N/A N/A

Secondary 
outcome

Prolonged	ICU	
LOS

50 (20.2%) 19.2 (8.7,	42.1) <0.0001

Prolonged 
mechanical 
ventilation

22 (8.9%) 13.6 (4.4, 41.8) <0.001

Abbreviations:	 CI,	 confidence	 interval;	 ICU,	 intensive	 care	 unit;	 LOS,	
length	of	stay;	OR,	odds	ratio.
aComplication-related morbidity includes any of the following morbidity 
events: renal failure, reoperation for bleeding, sternal wound infection, 
stroke, and pneumonia. 
bDue to the small incidence of the event, odds ratio of mortality is not 
estimable. 

TA B L E  9  Scoring	systems	comparison—outcome	and	
performance characteristics

Scoring 
system 
(0-24 h)

Poor clinical 
outcome: No 
(n = 185)

Poor clinical outcome: 
Yes (n = 62) P

maxVIS 9.7	(4.53) 17.4	(7.72) <0.001

APACHE	II 12.1	(7.38) 22.1 (5.1) <0.001

SOFA 7	(1‐13) 11 (1-18) <0.01

Composite 
poor 
outcome

AUC R P

maxVIS 0.819 0.541 <0.001

APACHE	II 0.731 0.368 <0.001

SOFA 0.741 0.413 <0.001

Abbreviation:	 APACHE	 II,	 Acute	 Physiology	 and	 Chronic	 Health	
Evaluation	II	score;	maxVIS,	vasoactive‐inotropic	score;	SOFA,	Sequential	
Organ	Failure	Assessment	score.
Values expressed as number (n) and percentage, median (range) or 
mean	±	2SD.

F I G U R E  3  VIS	Index	Risk	Prediction	Tool.	The	VIS	index	
risk model was consistent in predicting the risk of poor clinical 
outcomes for adult CHD patients. The color grids indicate the 
degree of risk with light green color indicating the lowest risk and 
maroon color indicating the highest risk of developing adverse 
outcomes following cardiac surgery

TA B L E  7  Sensitivity	and	specificity	of	maxVIS	in	predicting	poor	
clinical outcome

maxVIS 1 2 3 4 5

Sensitivity 100% 90.3% 72.6% 43.5% 21.0%

Specificity 0% 42.2% 84.3% 94.1% 99.5%

Abbreviation:	VIS,	vasoactive‐inotropic	score.



was 0.61 ! 0.74 mg/kg/min. Vasopressin was used more frequently
as the VIS increased, but the maximum doses were similar. The
percentage and the maximum doses of milrinone were not
significantly different among the 5 VIS groups. Use of intra-aortic
balloon pump among VIS groups was not significantly different (P =
.43). However, the use of ECMO (41.4%) was significantly higher in
the VIS over 85 group (P < .001).

Overall, 136 (27.6%) patients died while hospitalized, and 109
(22.1%) of them died in the CICU (Table 3). In-hospital mortality
rates were higher in patients with higher VIS (8.2%, 14.1%, 21.1%,
32.0%, 65.7% in order of VIS < 10, 11-20, 21-38, 39-85, and VIS > 85,
respectively with P < .001). Noncardiovascular deaths comprised
nearly one-third of all deaths, and these, as well as cardiovascular
deaths, increased as the VIS increased.

Clinical variables that were considered as possible prognostic
factors on the univariable logistic regression analysis included liver
cirrhosis, malignancy, primary cardiovascular problems, a history
of cardiac arrest, lactic acid level, APACHE II, use of ECMO,
mechanical ventilation, and continuous renal replacement thera-
py. After adjustment of the model for these covariates, the adjusted
OR of VIS groups increased from 2.03 (95%CI, 0.79-5.22; P = .14),
2.34 (95%CI, 0.89-6.14; P = .08), 3.85 (95%CI, 1.60-9.22; P = .003) to
10.83 (95%CI, 4.43-26.43; P < .001) for VIS ranges of 11-20, 21-38,
39-85, and > 85, respectively, compared with the VIS of 1 to 10
(Table 4). Vasoactive inotropic score remained significant prog-
nostic predictors for in-hospital mortality, especially those over 39.
Among our patients, 52.9% and 29.8% of them used mechanical
ventilation and continuous renal replacement therapy for a
median 4 (2-8) days and 4 (3-8) days, respectively. The proportion
of patients using mechanical ventilation and continuous renal
replacement therapy increased as the VIS increased, but the
durations of mechanical ventilation and continuous renal replace-
ment therapy were similar among the 5 VIS groups. Overall, the
multivariable prediction model had an area under the curve of

0.8676 (95%CI, 0.83-0.90) and the goodness-of-fit of the model was
also verified using the Osius-Rojek test (P-value = .835). Our model
resulted in a misclassification error rate of 16.4% via leave-one-out
cross-validatioin. Neither length of stay nor readmission rates
differed among the 5 VIS groups.

Table 4
Predictors of In-hospital Mortality

Univariable Multivariable

OR 95%CI P Adjusted OR 95%CI P

VISa

VIS 1-10 — — — — — —

VIS 11-20 1.84 0.78-4.36 .16 2.03 0.79-5.22 .14

VIS 21-38 2.99 1.28-6.99 .01 2.34 0.89-6.14 .08

VIS 39-85 5.26 2.42-11.42 <.001 3.85 1.60-9.22 .003

VIS > 85 21.41 9.93-46.17 <.001 10.83 4.43-26.43 <.001

Liver cirrhosis 2.81 1.30-6.07 .008 3.05 1.18-7.89 .02

Malignancy 2.07 1.13-3.76 .02 2.68 1.25-5.74 .01

Main cause of admissionb

Acute coronary syndrome — — — — — —

Heart failure 1.93 1.24-3.01 .004 3.64 1.99-6.67 <.001

Othersc 1.51 0.85-2.68 .16 1.57 0.75-3.27 .23

Postcardiac arrest 2.45 1.56-3.85 <.001

Lactic acid 1.27 1.19-1.36 <.001 1.17 1.08-1.26 < .001

APACHE II 1.11 1.08-1.15 <.001 1.05 1.01-1.09 .008

Use of extracorporeal membrane oxygenation 1.89 1.23-2.90 .004

Use of mechanical ventilation 2.43 1.60-3.69 <.001

Use of continuous renal replacement therapy 7.17 4.63-11.11 <.001 2.82 1.62-4.91 < .001

95%CI, 95%confidence interval; APACHE II, Acute Physiology and Chronic Health Evaluation II; OR, odds ratio; VIS, vasoactive inotropes score.
a The reference group is VIS 1 to 10.
b The reference group is admission by acute coronary syndrome.
c Others include arrhythmia, acute aortic syndrome, pericardial disease, pulmonary thromboembolism, infective endocarditis.

Figure 2. Predicted probability of in-hospital mortality vs log (VIS). Predicted
probability of in-hospital mortality in patients receiving pharmacologic
support alone (non-ECMO) was significantly lower than in patients who
underwent ECMO within VIS less than 85. However the difference between
2 groups began to decrease from about VIS = 85 and the predicted probability
of non-ECMO group was significantly higher than that of the ECMO group with
VIS above 130. ECMO, extracorporeal membrane oxygenation; VIS, vasoactive
inotropic score.

S.J. Na et al. / Rev Esp Cardiol. 2019;72(1):40–4744
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was 0.61 ! 0.74 mg/kg/min. Vasopressin was used more frequently
as the VIS increased, but the maximum doses were similar. The
percentage and the maximum doses of milrinone were not
significantly different among the 5 VIS groups. Use of intra-aortic
balloon pump among VIS groups was not significantly different (P =
.43). However, the use of ECMO (41.4%) was significantly higher in
the VIS over 85 group (P < .001).

Overall, 136 (27.6%) patients died while hospitalized, and 109
(22.1%) of them died in the CICU (Table 3). In-hospital mortality
rates were higher in patients with higher VIS (8.2%, 14.1%, 21.1%,
32.0%, 65.7% in order of VIS < 10, 11-20, 21-38, 39-85, and VIS > 85,
respectively with P < .001). Noncardiovascular deaths comprised
nearly one-third of all deaths, and these, as well as cardiovascular
deaths, increased as the VIS increased.

Clinical variables that were considered as possible prognostic
factors on the univariable logistic regression analysis included liver
cirrhosis, malignancy, primary cardiovascular problems, a history
of cardiac arrest, lactic acid level, APACHE II, use of ECMO,
mechanical ventilation, and continuous renal replacement thera-
py. After adjustment of the model for these covariates, the adjusted
OR of VIS groups increased from 2.03 (95%CI, 0.79-5.22; P = .14),
2.34 (95%CI, 0.89-6.14; P = .08), 3.85 (95%CI, 1.60-9.22; P = .003) to
10.83 (95%CI, 4.43-26.43; P < .001) for VIS ranges of 11-20, 21-38,
39-85, and > 85, respectively, compared with the VIS of 1 to 10
(Table 4). Vasoactive inotropic score remained significant prog-
nostic predictors for in-hospital mortality, especially those over 39.
Among our patients, 52.9% and 29.8% of them used mechanical
ventilation and continuous renal replacement therapy for a
median 4 (2-8) days and 4 (3-8) days, respectively. The proportion
of patients using mechanical ventilation and continuous renal
replacement therapy increased as the VIS increased, but the
durations of mechanical ventilation and continuous renal replace-
ment therapy were similar among the 5 VIS groups. Overall, the
multivariable prediction model had an area under the curve of

0.8676 (95%CI, 0.83-0.90) and the goodness-of-fit of the model was
also verified using the Osius-Rojek test (P-value = .835). Our model
resulted in a misclassification error rate of 16.4% via leave-one-out
cross-validatioin. Neither length of stay nor readmission rates
differed among the 5 VIS groups.

Table 4
Predictors of In-hospital Mortality

Univariable Multivariable

OR 95%CI P Adjusted OR 95%CI P

VISa

VIS 1-10 — — — — — —

VIS 11-20 1.84 0.78-4.36 .16 2.03 0.79-5.22 .14

VIS 21-38 2.99 1.28-6.99 .01 2.34 0.89-6.14 .08

VIS 39-85 5.26 2.42-11.42 <.001 3.85 1.60-9.22 .003

VIS > 85 21.41 9.93-46.17 <.001 10.83 4.43-26.43 <.001

Liver cirrhosis 2.81 1.30-6.07 .008 3.05 1.18-7.89 .02

Malignancy 2.07 1.13-3.76 .02 2.68 1.25-5.74 .01

Main cause of admissionb

Acute coronary syndrome — — — — — —

Heart failure 1.93 1.24-3.01 .004 3.64 1.99-6.67 <.001

Othersc 1.51 0.85-2.68 .16 1.57 0.75-3.27 .23

Postcardiac arrest 2.45 1.56-3.85 <.001

Lactic acid 1.27 1.19-1.36 <.001 1.17 1.08-1.26 < .001

APACHE II 1.11 1.08-1.15 <.001 1.05 1.01-1.09 .008

Use of extracorporeal membrane oxygenation 1.89 1.23-2.90 .004

Use of mechanical ventilation 2.43 1.60-3.69 <.001

Use of continuous renal replacement therapy 7.17 4.63-11.11 <.001 2.82 1.62-4.91 < .001

95%CI, 95%confidence interval; APACHE II, Acute Physiology and Chronic Health Evaluation II; OR, odds ratio; VIS, vasoactive inotropes score.
a The reference group is VIS 1 to 10.
b The reference group is admission by acute coronary syndrome.
c Others include arrhythmia, acute aortic syndrome, pericardial disease, pulmonary thromboembolism, infective endocarditis.

Figure 2. Predicted probability of in-hospital mortality vs log (VIS). Predicted
probability of in-hospital mortality in patients receiving pharmacologic
support alone (non-ECMO) was significantly lower than in patients who
underwent ECMO within VIS less than 85. However the difference between
2 groups began to decrease from about VIS = 85 and the predicted probability
of non-ECMO group was significantly higher than that of the ECMO group with
VIS above 130. ECMO, extracorporeal membrane oxygenation; VIS, vasoactive
inotropic score.
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A B S T R A C T

Introduction and objectives: This study investigated whether the vasoactive inotropic score (VIS) is
independently predictive of mortality in cardiogenic shock (CS).
Methods: This study was retrospective, observational study. Patients who were admitted to the cardiac
intensive care unit from January 2012 to December 2015 were screened, and 493 CS patients were finally
enrolled. To quantify pharmacologic support, the patients were divided into 5 groups based on a quintile
of VIS: 1 to 10, 11 to 20, 21 to 38, 39 to 85, and > 85. The primary outcome was in-hospital mortality.
Results: In-hospital mortalities in the 5 VIS groups in increasing order were 8.2%, 14.1%, 21.1%, 32.0%, and
65.7%, respectively (P < .001). Multivariable analysis indicated that VIS ranges of 39 to 85 (aOR, 3.85;
95%CI, 1.60-9.22; P = .003) and over 85 (aOR, 10.83; 95%CI, 4.43-26.43; P < .001) remained significant
prognostic predictors for in-hospital mortality. With multiple logistic regression to remove any
confounding effects, we found that the localized regression lines regarding the odds of death intersected
each other’s (medical therapy alone and combined extracorporeal membrane oxygenation group) path
at VIS = 130. In contrast to linear correlation between VIS and mortality for patients treated with medical
therapy alone, there was little association between a VIS of 130 or more and the probability of in-hospital
mortality for patients who were treated with extracorporeal membrane oxygenation.
Conclusions: A high level of vasoactive inotropic support during the first 48 hours was significantly
associated with increased in-hospital mortality in adult CS patients.

!C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

La escala de vasoactivos inotrópicos como predictora de mortalidad de adultos
con shock cardiogénico tratados con y sin ECMO

Palabras clave:
Shock cardiogénico
Escala de inotrópicos vasoactivos
Oxigenador extracorpóreo de membrana

R E S U M E N

Introducción y objetivos: Este estudio investigó si la escala de vasoactivos inotrópicos (VIS) es un predictor
independientemente de la mortalidad en el shock cardiogénico (SC).
Métodos: Estudio observacional retrospectivo. Se estudió a los pacientes que ingresaron entre enero de
2012 y diciembre de 2015 en la unidad de cuidados intensivos cardiacos, y finalmente se incluyó a
493 pacientes con SC. Para cuantificar el apoyo farmacológico, se dividió a los pacientes en quintiles de
VIS: 1-10, 11-20, 21-38, 39-85 y > 85 puntos. El objetivo primario fue la mortalidad hospitalaria.
Resultados: La mortalidad hospitalaria de los quintiles de VIS, en orden creciente, fue del 8,2, el 14,1, el
21,1, el 32,0 y el 65,7% respectivamente (p < 0,001). El análisis multivariable indicó que los valores de VIS
de 39-85 (ORa = 3,85; IC95%, 1,60-9,22; p = 0,003) y > 85 puntos (ORa = 10,83; IC95%, 4,43-26,43;
p < 0,001) siguieron siendo predictores de mortalidad hospitalaria. En la regresión logı́stica múltiple
para eliminar cualquier efecto de confusión, se halló que la probabilidad de muerte (tratamiento solo
médico frente a combinado con oxigenador extracorpóreo de membrana) se cruzaron entre sı́ cuando el
valor de VIS era de 130 puntos. En contraste con la correlación lineal entre la VIS y la mortalidad de los
pacientes tratados solo con terapia médica, hubo poca asociación entre VIS " 130 puntos y la mortalidad
hospitalaria de los pacientes tratados además con membrana de oxigenación extracorpórea.

* Corresponding author: Department of Critical Care Medicine and Division of Cardiology, Department of Medicine, Samsung Medical Center, Sungkyunkwan University
School of Medicine, 81 Irwon-ro, Seoul 06351, Gangnam-gu, Republic of Korea.

E-mail address: jhysmc@gmail.com (J.H. Yang).
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CHỈ SỐ VẬN MẠCH

Soo Jin Na et al (2019),”Vasoactive Inotropic Score as a Predictor of Mortality in Adult Patients With Cardiogenic Shock: Medical Therapy 
Versus ECMO”, Rev Esp Cardiol; 72(1):40-47 

Nghiên cứu trên 439 BN sốc chia làm 5 nhóm dựa vào VIS có
hoặc không hỗ trợ ECMO
v Điểm VIS cao liên quan đến tiên lượng xấu
v VIS <85 nhóm ECMO tử vong cao hơn, VIS >130 nhóm ECMO

tử vong thấp hơn có ý nghĩa



THIẾT BỊ HỖ TRỢ THẤT

v IABP, Impella , venoarterial ECLS, Tandem
Heart, iVAC 2L: Sốc tim sau PT tim, viêm cơ
tim cấp…

v ECMO: Viêm cơ tim cấp, sốc tim, hỗ trợ tuần
hoàn trước các can thiệp sâu trên tim - mạch
máu…

46



CÁC VẤN ĐỀ KHÁC
v Các thuốc mới tác động vào nhiều cơ chế khác, đặc hiệu và ít tác dụng

phụ hơn
vThuốc trợ tim: Omecamtiv mecarbil, Istaroxim…
vThuốc vận mạch: Chế phẩm phối hợp noradrenalin + vasopressin,

thuốc tác động AGTR1 (Giapreza, LJPC-501), tác động lên AVPR …
v Các marker đánh giá hiệu quả của sử dụng thuốc vận mạch
v NC trên động vật + ứng dụng trí tuệ nhân tạo, tổng hợp các nghiên

cứuà lựa chọn thuốc tối ưu.
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KẾT LUẬN
v Noradrenalin là thuốc vận mạch lựa chọn đầu tiên, vasopressin là thuốc lựa chọn 

thứ hai thêm vào 
v Dobutamin hoặc Levosimendan dùng khi có rối loạn chức năng cơ tim
v Các thuốc vận mạch, trợ tim đều làm tăng tiêu thụ oxy cơ tim và có thể gây rối 

loạn nhịp thất, hoại tử thành dải cơ tim và làm tăng diện tích ổ nhồi máu
v Không có khác biệt đáng kể về tỷ lệ tử vong trong 28 ngày khi lựa chọn thuốc vận 

mạch - trợ tim trong sốc 
v Cần cân bằng giữa lợi ích và nguy cơ khi dùng thuốc vận mạch. Liều nhỏ phối 

hợp giữa vận mạch và trợ tim được khuyến cáo hơn so với liều cao một thuốc
v Phụ thuộc vào tổn thương ở từng bệnh nhân cụ thểà chiến lược chọn lựa thuốc 

phù hợp + các thiết bị hỗ trợ thất.
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