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A B S T R A C T 

Septic shock, a severe and sometimes fatal  condition caused by 
systemic infection, demands immediate and focused therapies to 
restore hemodynamic stability and prevent organ failure. The use 
of vasopressors and inotropes has become the foundation in the 
treatment of septic shock, with the goal of reversing the vasodilatory 
condition and increasing cardiac contractility.

Vasopressors are an effective class of medications that cause vaso-
constriction and, hence, increase mean arterial  pressure (MAP). 
Norepinephrine is recommended as the first-l ine agent to use in 
septic shock. However, many medications have both vasopressor 
and inotropic actions, distinguishing them from inotropes, which 
increase heart contractility.

Inotropes work by increasing cardiac contract i l i ty and thereby 
increasing cardiac output. Dobutamine is still the mainstay of treat-
ment based on the latest Society of Critical Care Medicine (SCCM) 
guidelines. 

This review provides a comprehensive overview of the rationale, 
indications,doses, and major side effects surrounding the adminis-
tration of these pharmacological agents in septic shock. Our team 
explored various databases regarding this subject, and most included 
articles were retrieved through PubMed. We thoroughly examined 
these articles and synthesized the information within our review.

We recommend that more clinical trials are needed to compare the      
effectiveness of dobutamine compared to other inotropes in the set-
ting of septic shock, as the latest guidelines are based on a shortage 
of randomized control trials. Furthermore, emphasis on the impor-
tance of continuous hemodynamic monitoring during vasopressor 
therapy should be performed, which highlights the necessity for 
personalized changes to reach and maintain target blood pressure 
targets.
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I N T R O D U C T I O N
Shock is a critical medical condition character-
ized by an imbalance between tissue perfusion 
and cellular oxygen utilization, ultimately lead-
ing to organ dysfunction, and is life-threatening 
with high mortali ty rates (Patel  et  al . ,  2022). 
he causes of shock are classified into four main 
categor ies :  hypovolemic shock,  cardiogenic 
shock, distributive shock, and obstructive shock; 
this classification is essential since the patho-
physiology behind each type of shock and their 
management vary depending on the type (Standl 
et al.,  2018).

Hypovolemic shock occurs when there is a reduc-
tion in the intravascular blood volume, ultimately 
resulting in a decrease in the cardiac preload, and 
can be triggered by hemorrhagic factors, such as 
traumatic injuries and gastrointestinal bleeding, 
as well as non-hemorrhagic factors such as loss 
of body fluids through diarrhea and vomiting 
(Marik & Weinmann, 2019). Cardiogenic shock, 
often arising as a result of myocardial infarction 
with the resultant loss of ventricular function, 
can induce tissue hypoperfusion as the case in 
hypovolemic shock; however, cardiogenic shock 
occurs mainly in states of cardiac dysfunction 
(Harjola et al.,  2015). 

Distributive shock is a condition that encom-
passes septic shock, anaphylactic shock, and neu-
rogenic shock and arises due to vascular system 
dysregulation, involving the loss of vascular tone 
leading to a pathological redistribution of intra-
vascular volume within the vascular system, or it 
can result from abnormal vascular permeability, 
which causes a volume shift from the vascular 
system to the intersti t ial  space (Standl et  al . , 
2018). Obstructive shock appears to be related 
to mechanical obstruction of the great vessels or 
heart, which can result in impaired cardiac func-
tion and reduced cardiac output.  While it  may 
present along with symptoms similar to those of 
cardiogenic shock, it is essential to distinguish 
between the two conditions as they require dif-
ferent therapeutic interventions (Pich & Heller, 
2015).

Cardiogenic shock due to myocardial  infarc-
t ion is  associated with increased product ion 
of proinflammatory cytokines, such as plasma 
IL-1β, IL 6, IL 8, tumor necrosis factor-alpha 
(TNF-α), and soluble adhesion molecule (sICAM 
1, sE-selectin) (Pudil  et  al . ,  2001).  Likewise, 
hemorrhagic shock is associated with increased 
transcription of inflammatory genes and produc-
tion of NF-κB-dependent cytokines (Lu et al. , 
2016). Notably, TNF-α is a major inflammatory 
mediator expressed during various inflammatory 
conditions and triggers the expression of a wide 

range of inflammatory cytokines, including inter-
leukins and interferons (Zhang, 2008).

These proinflammatory cytokines can negatively 
impact cardiovascular function as constantly ele-
vated levels of TNF-α attenuate β1-adrenergic 
responsiveness, induce dilated cardiomyopathy 
(Kuhota et al. ,  1997), impede endothelium-de-
pendent NO-mediated coronary dilation (Zhang 
et  al . ,  2006),  and act ivate Caspase-3 protein 
which in turn can induce myocardial dysfunc-
tion and promote expression of apoptotic pro-
teins (Carlson et  al . ,  2005).  Likewise,  IL-1β 
can cause a temporary decrease in contractile 
function, which is related to a reduced sensi-
tivity to β-receptors stimulation. (Van Tassell 
et al.,  2013); furthermore, its level increases in 
tissue hypoperfusion states (Kacimi et al., 1997). 
While the exact causality relationship requires 
further investigation, it is noteworthy that IL-6 
is commonly found in individuals experiencing 
cardiogenic shock; moreover, elevated levels of 
this cytokine have been associated with a higher 
risk of developing multi-organ failure (Geppert 
et al.,  2002).

Generally, elevated inflammatory markers levels 
are observed in all types of shock, either early 
or later in the course of the circulatory failure; 
however, these mediators are generally higher in 
septic patients and are associated with increased 
mortality (Cecconi et al.,  2014; De Werra et al., 
1997; Geppert et al., 2002). A significant correla-
tion exists between the severity of global tissue 
hypoxia and the levels of inflammatory markers, 
as patients with severe global tissue hypoxemia 
had higher concentrations of all  inflammatory 
markers compared to those with moderate or 
resolved global  t i ssue  hypoxia ;  meanwhi le , 
proper  hemodynamic opt imizat ion s trategies 
resulted in a significant drop of these markers 
(Rivers et al.,  2007).

The management of shock is routinely guided 
by the target blood pressure regardless of the 
treatment strategy. For instance, current guide-
lines suggest an initial targeting of mean arterial 
blood pressure (MAP) of > 65 mm Hg for septic 
shock patients (Rhodes et al. ,  2017). However, 
several experts recommend adopting a personal-
ized approach to accommodate potential adverse 
events in shock resuscitation, which considers 
the patient’s pre-existing blood pressure status 
and whether they have a history of normal, high, 
or low blood pressure (Cecconi et  al . ,  2014). 
This is because patients with a history of hyper-
tension who undergo treatment with a standard 
MAP target of 60-70 mm Hg may experience a 
greater need for renal replacement therapy than 
those treated with a higher MAP target of 80-85 
mm Hg (Asfar et al.,  2014). In the management 
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of cardiogenic shock, aiming for a MAP range 
of 80-100 mm Hg within the first  36 hours of 
admission to the intensive care unit is signifi-
cantly linked with decreased myocardial damage 
(Ameloot et al.,  2020).  

Shock can have a devastating impact on patients, 
with mortality rates varying depending on the 
type and cause of shock; in fact,  septic shock 
has a 90-day mortality rate of almost 40% (Bauer 
et al.,  2020), cardiogenic shock can range from 
50-75%; however, hypovolemic and obstructive 
shock have lower mortal i ty rates and greatly 
respond to timely treatment (Shock - StatPearls 
- NCBI Bookshelf, 2020).

This  review art icle  aims to comprehensively 
summarize the evidence regarding the use of ino-
tropic therapy in different types of shock, includ-
ing the associated safety, efficacy, and potential 
side effects.Furthermore, this article explores      
the optimal dosages and t i trations along with 
the factors that  influence decision-making in 
clinical practice,  ultimately providing health-
care professionals with a valuable resource for 
evidence-based treatment strategies.

VA S O P R E S S O R S  U S E D 
I N  S E P T I C  S H O C K

N O R E P I N E P H R I N E  ( N E )  -   is a catecholamine 
that functions as a neurotransmitter of most post-
ganglionic sympathetic fibers, a vasoconstrictor, 
an      alpha-adrenergic agonist, and a sympath-
omimetic agent.  NE largely elevates systolic, 
diastolic, and pulse pressure and has a negligible 
overall effect on cardiac output (Overagaard et 
al . ,  2008).  This agent is  recommended as the 
first-line agent to use in septic shock (Rhodes 
et al.,  2017). The standard dose range for NE is 
0.01 to 3 g/kg/min (Overagaard et al., 2008). The 
main clinical adverse effects of this agent include 
peripheral ischemia, inadvertent      immunomod-
ulation, and cardiac arrhythmia (Shi et al., 2020). 

E P I N E P H R I N E  -  Epinephrine has a high affin-
ity for the beta 1, beta 2, and alpha 1 receptors 
found in cardiac and vascular smooth muscle 
(Overagaard et al.2008).Since epinephrine has a 
potent beta-1 adrenergic impact, it  is sometimes 
used when there is cardiac dysfunction (Belletti 
et al.,  2020). The standard range of dose used is           
0.01 to 0.10 μg · kg−1 · min−1 in infusion and      
1 mg IV every 3 to 5 min as bolus doses (max 0.2 
mg/kg) (Overagaard et al.,  2008). However, epi-
nephrine can cause significant side effects such 
as tachycardia, tachyarrhythmias, and increased 
blood lactate levels (Belletti et al.,  2020).

D O PA M I N E  -  Dopamine is an endogenous central 
neurotransmitter that acts immediately as a pro-
genitor to norepinephrine in the catecholamine 
synthetic pathway (Overagaard et al. ,  2008). It 
increases contractil i ty,  heart  rate,  venous and 
arterial tone, and renal and mesenteric vasodila-
tion (Shi et al.,  2020). The standard dose range 
is 2.0 to 20 μg · kg−1 · min−1 (max 50 μg · kg−1 
· min−1) (Overagaard et  al . ,  2008).  There are 
significant side effects for dopamine     ,  such 
as severe hypertension (especially in patients 
taking nonselect ive  β-blockers) ,  ventr icular 
arrhythmias, cardiac ischemia, and tissue isch-
emia/gangrene (at  high doses or due to t issue 
extravasation) (Overagaard et al.,  2008).

A N G I O T E N S I N  I I  -  AT-II  i s  a  non-adrener-
gic vasoconstrictor that  is  the product of  the 
renin-angiotensin-aldosterone system. A recent 
RCT (ATHOS-3 trial) showed that AT-II (com-
pared with placebo) effectively increased blood 
pressure in  pat ients  with vasodilatory shock 
that did not respond to high doses of common 
vasopressors (Khanna et al.,  2017). Angiotensin 
II acts by increasing venous and arterial tone, 
ACTH, ADH, and aldosterone reabsorption (Shi 
et al . ,  2020).  Nevertheless,  angiotensin II can 
cause significant side effects such as tachycar-
dia,  peripheral ischemia, and thromboembolic 
events (Shi et al.,  2020).

VA S O P R E S S I N   -  Vasopressin is  a  hormone 
that causes vasoconstriction and water retention 
by acting on V1 and V2 receptors. Vasopressin 
levels are low in septic shock, and its administra-
tion may help to restore vascular tone and blood 
pressure. After norepinephrine, vasopressin is 
commonly utilized as a second-line vasopressor 
(Yao et  al . ,  2020) In septic shock, the dosage 
range for vasopressin is 0.01 to 0.04 units/min, 
and it can be titrated according to the MAP goal, 
which is often 65 mmHg or higher depending 
on individual factors (Nagendran et al. ,  2019).  
Vasopressin differs from norepinephrine in that it 
can produce hyponatremia, cardiac arrhythmias, 
digital  ischemia, and mesenteric ischemia. As 
a result ,  in septic shock patients,  vasopressin 
should be given with care and under continuous 
monitoring.(Jentzer et al.,  2015).

T E R L I P R E S S I N   -  Terlipressin is a vasopressin 
analog with antidiuretic and vasoconstrict ive 
effects. It constricts blood arteries by binding to 
V1 receptors and increases water reabsorption by 
binding to V2 receptors. Terlipressin, like vaso-
pressin, may help restore blood pressure and min-
imize reliance on catecholamines (Huang et al., 
2020). Terlipressin is often used as a second-line 
vasopressor following norepinephrine, which is 
considered the preferable drug by trained pro-
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fessionals. In septic shock, the normal dose of 
terlipressin is 0.01 to 0.06 mg/kg/h, which can be 
modified based on the goal mean arterial pressure 
(MAP) (Zhu et al. ,  2019). Terlipressin has the 
same side effects as vasopressin since it acts on 
the same receptors (Jentzer et al.,  2015). 

S E L E P R E S S I N  -  is  a new vasopressin analog 
that primarily activates V1 receptors to cause 
vasoconstriction and blood pressure elevation. 
Selepressin may be an alternative to catechol-
amines in septic shock, which have limited effec-
tiveness and deleterious consequences  (Russell 
et al. ,  2017). Selepressin is now being studied 
in a phase III randomized controlled trial (RCT), 
comparing it  against the usual vasopressor for 
septic shock, norepinephrine. In septic shock, 
the dosing range for selepressin is 0.05 to 0.15 
g/kg/min, and it may be modified based on the 
desired mean arterial pressure (MAP) (Laterre 
et al . ,  2019).Selepressin, l ike vasopressin and 
terl ipressin,may cause hyponatremia,  cardiac 
arrhythmias,  digital  ischemia, and mesenteric 
ischemia. (Lewis et al.,  2018)

I N O T R O P E S  -  are drugs that affect the contrac-
tili ty of the heart.  There are both positive and 
negative inotropes. The inotropes used in shock 
are positive     ,  which we will address      here.

D O B U TA M I N E -  Dobutamine activates the beta-
one receptors in the heart ,  increasing cardiac 
output.  As for the effect  on vasculature ,  the 
systemic vascular resistance decreases because 
of both a baroreceptor-mediated response and a 
minor effect on beta-two receptors. There is also 
some vasoconstriction due to a minor      alpha-
one effect. The net effect , however, is unchanged 
blood pressure.

D o b u t a m i n e ’s  M a j o r  h e m o d y n a m i c  e f f e c t 
depends on the dose: at low doses, dobutamine 
increases cardiac output and lowers afterload; 
at  intermediate doses,  i t  causes vasoconstric-
tion; and at high doses, it worsens tachycardia in 
patients without additional CO increase (Ham-
dallah Ashkar,2023).

M I L R I N O N E  -  Milrinone is a phosphodiesterase 
3 (PDE3) inhibitor. In the heart, this inhibition 
increases calcium availability in myocyte sar-
comere, causing its  inotropic effect and some 
chronotropic effects. This also leads to increased 
calcium uptake by the sarcoplasmic reticulum, 
which improves myocardial  relaxation (lusit-
ropy). Milrinone also has a vasodilatory effect 
on vessels, but its use in shock is due to its effect 
on the heart. Milrinone doses >0.5 μg/kg/minute 
can lead to hypotension (Jack K. Ayres,2022)

L E V O S I M E N D A N  -  Levosimendan increases car-
diac contractility by increasing the sensitivity of 

troponin C to intracellular calcium in the cardio-
myocyte. It is not used in septic shock, and it is 
also not approved by the United States FDA for 
any use. (Aditi Shankar,2022)

I N O T R O P E S  I N  S E P T I C  S H O C K   - According 
to SCCM (Society of Crit ical  Care Medicine) 
guidelines, dobutamine should be administered 
or added to vasopressors if there is  a heart failure 
component or signs of low blood volume despite 
achieving the appropriate intravascular volume 
or MAP. However, more research and data are 
required as this guideline is based on a scarcity 
of RCTs. No studies compare Dobutamine and 
Milrinone in septic shock. However, Dobutamine 
is typically administered more in cases of kidney 
injury or hypotension, which are the main com-
ponents of septic shock (Sacha Pollard,2015).

C O N C L U S I O N
Shock remains a persistent challenge within the 
realm of critical care medicine. The utilization 
of vasopressors and inotropes consti tutes the 
foundation of shock management, with the goal 
of  re ins ta t ing t i ssue  perfus ion and aver t ing 
multi-organ failure.

In  cases  of  sept ic  shock,  norepinephr ine  i s 
widely acknowledged as  the  pr imary choice 
among other vasopressors. In contrast, epineph-
rine, dopamine, and angiotensin II are considered 
al ternative options,  each dist inguished by i ts      
characteristics. These options allow for custom-
ized utilization based on the patient’s individual 
requirements. Moreover, the emergence of vaso-
pressor analogs like terlipressin and selepressin 
might offer an alternative to catecholamines or 
act as a second-line treatment after norepineph-
rine, especially in refractory cases. Nevertheless, 
careful  monitoring of  vasopressor analogs is 
essential due to their potential adverse effects.

Addressing cardiac dysfunction in shock com-
monly involves  employing inotropic  agents , 
notably dobutamine, milrinone, and levosimen-
dan. Despite variations in their mechanisms of 
action,  these agents ult imately enhance myo-
cardial contractility, thereby improving forward 
stroke volume and augmenting tissue perfusion. 
Although guidel ines advocate for  the use of 
dobutamine in cases of reduced blood volume and 
instances with heart failure components, further 
research is imperative, as these recommendations 
were formulated based on limited randomized 
controlled trials (RCTs).

It is pivotal to recognize that shock is not a uni-
form condition; rather,  i t  necessitates tailored 
management that considers the underlying causes 



RESEARCH REVIEW ARTICLE JORDANIAN AMERICAN PHYSICIANS ACADEMY JOURNAL

Issue 004 | March 2024 5

and patient characteristics. Navigating the man-
agement of septic shock mandates healthcare pro-
fessionals to integrate evidence-based medicine. 
The dynamic nature and the emergence of novel 
insights regarding shock management modalities 
permit the continual expansion of therapeutic 
al ternatives and heighten the expectat ions of 
efficacious shock treatment.

This review aims to empower healthcare pro-
viders with a comprehensive grasp of current 
therapeutic approaches, enabling them to make 
well-informed decisions that pave the way for 
optimal patient care when confronted with this 
critical medical condition.

R E C O M M E N D AT I O N S  -  We suggest the following 
recommendations for the use of inotropes and 
vasopressors in septic shock based on current 
research and clinical practice:

1.Norepinephrine should be used as  the 
first-line vasopressor in septic shock since 
i t  improves  hemodynamic  s tabi l i ty  and 
survival outcomes when compared to other 
agents.

2.Depending on the patient’s hemodynamic 
condition, comorbidit ies,  and reaction to 
norepinephrine,  epinephrine,  dopamine, 
and angiotensin II might be used as alter-
na t ive  or  complementary  vasopressors . 
These medications, however, have possible 
side effects, including an increased risk of 
arrhythmias,  tachycardia ,  and ischemia, 
and should be taken with caution and strict 
monitoring.

3.Vasopressin analogs like terlipressin and 
selepressin may have certain advantages 
over catecholamines, such as lowering nor-
epinephrine needs, maintaining renal func-
tion, and decreasing inflammation. Their 
effectiveness and safety, however, are still 
being investigated, and they are not gener-
ally accessible or licensed for septic shock. 
As a result,  until  additional data is avail-
able, they should be reserved for refractory 
patients or clinical studies.

4.Dobutamine is the inotrope of choice in 
individuals with septic shock who have car-
diac dysfunction and poor cardiac output. 
It has the potential to increase myocardial 
contractility and tissue perfusion, but it can 
also produce hypotension and arrhythmias. 
As a result ,  i t  should be administered in 
conjunction with a vasopressor and titrated 
based on hemodynamic characteristics.

5.Milrinone and levosimendan are inotropes 

with distinct modes of action than dobuta-
mine. They may be superior to dobutamine 
in terms of lowering afterload, enhancing 
diastolic function, and exhibiting anti-in-
flammatory actions. Their involvement in 
sept ic  shock,  however,  is  unknown,  and 
they may also produce hypotension and 
arrhythmias. As a result, they should be used 
cautiously and only in certain instances or 
clinical trials.

6 . Inotropes  and vasopressors  should be 
chosen and dosed individual ly based on 
the patient’s clinical state,  hemodynamic 
objectives, and response to therapy. A full 
assessment of the patient’s perfusion state, 
including cl inical  symptoms,  laboratory 
testing, and sophisticated monitoring tech-
niques, should guide the administration of 
these medications.

7.The use of  inotropes and vasopressors 
should be part of a multimodal strategy for 
septic shock management that includes early 
infection detection and treatment, effective 
antibiotic medication, fluid resuscitation, 
and supportive care.

Despi te  progress  in  understanding and man-
agement of septic shock, there are st i l l  many 
knowledge gaps and obstacles that need to be 
addressed.Future studies are recommended to 
explore the following areas:

1.The optimal timing and dose of vasopres-
sors and inotropes in septic shock, as well 
as the potential benefits and harms of com-
bining different agents or switching from 
one agent to another. 

2.The role of biomarkers in guiding vaso-
pressor and inotrope selection and titration, 
as well as predicting the response and prog-
nosis of septic shock patients.

3.The discovery and testing of new vaso-
pressors and inotropes with more specific 
and beneficial effects on microcirculation, 
inflammation, and organ function in septic 
shock.

4.Identification of septic shock subgroups 
that may benefit from customized or preci-
sion medicine treatments based on genetic, 
epigenetic, or phenotypic markers.

5 . Implement ing  and d isseminat ing  evi-
dence-based recommendations and practices 
for the use of vasopressors and inotropes 
in septic shock, as well as evaluating their 
influence on clinical outcomes and resource 
consumption.
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Table 1. Lung Ultrasound dynamic reaeration score as suggested by Bouhemad et al. (7)

Vasopressor Agents Mechanism Of Action Standard Dose Range Major Side Effects
Norepinephrine ↑venous and arterial tone

preload, and contractility
0.01 to 3 g/kg/min Peripheral ischemia, inadvertent 

immunomodulation and cardiac 
arrhythmia

Epinephrine ↑contractility, preload
, venous and arterial tone
and heart rate

Infusion: 0.01 to 0.10 μg · kg−1 · min−1 
Bolus: 1 mg IV every 3 to 5 min (max 0.2 
mg/kg) IM: (1:1000): 0.1 to 0.5 mg (max 
1 mg)

Tachycardia, tachyarrhythmia and 
increased blood lactate levels

Dopamine ↑contractility, heart rate, venous and 
arterial tone and renal and mesenteric 
vasodilation

2.0 to 20 μg · kg−1 · min−1 (max 50 μg · 
kg−1 · min−1)

Tachycardia, tachyarrhythmia

Vasopressin Restore vascular tone and blood 
pressure

0.01 to 0.04 units/min Hyponatremia, cardiac arrhyth-
mias, digital ischemia, and mesen-
teric ischemia

Terlipressin Constricts blood arteries by binding to 
V1 receptors and increases water reab-
sorption by binding to V2 receptors

0.01 to 0.06 mg/kg/h Same as Vasopressin

Selepressin Activates V1 receptors to cause 
vasoconstriction and blood pressure 
elevation

0.05 to 0.15 g/kg/min Same as Vasopressin

A U T H O R S ’ 
C O N T R I B U T I O N
B Qura’an:  Writ ing,  draft ing and edit ing the 
manusc r ip t  and  l ead ing  the  t eam.  H  Ban i 
Omar:Writing, drafting and editing the manu-
script.O Al-Qaqa:Writing, drafting and editing 
the manuscript.M Abu-Jeyyab: Writing, drafting 
and editing the manuscript. M Gazi Hattab:Edit-
ing the manuscript. M Ruzieh:Team supervisor 
and critical review of the article.

D I S C L A I M E R
This article was made possible by the support of 
the American people through the United States 
Agency for International Development (USAID). 
The contents are the sole responsibility of the 
authors and do not necessarily reflect the views 
of USAID or the United States Government.

D I S C L O S U R E
The authors report no proprietary or commercial 
interest  in any product mentioned or concept 
discussed in this article. 



RESEARCH REVIEW ARTICLE JORDANIAN AMERICAN PHYSICIANS ACADEMY JOURNAL

Issue 004 | March 2024 7

R E F E R E N C E S
1

2

3

4

5

6

7

8

9

Ameloot, K., Jakkula, P., Hästbacka, J., Reinikainen, M., 
Pettilä, V., Loisa, P., Tiainen, M., Bendel, S., Birkelund, T., 
Belmans, A., Palmers, P. J., Bogaerts, E., Lemmens, R., 
De Deyne, C., Ferdinande, B., Dupont, M., Janssens, S., 
Dens, J., & Skrifvars, M. B. (2020). Optimum Blood Pres-
sure in Patients With Shock After Acute Myocardial Infarc-
tion and Cardiac Arrest. Journal of the American College 
of Cardiology, 76(7), 812–824. https://doi.org/10.1016/J.
JACC.2020.06.043

Asfar, P., Meziani, F., Hamel, J.-F., Grelon, F., Megar-
bane, B., Anguel, N., Mira, J.-P., Dequin, P.-F., Gergaud, 
S., Weiss, N., Legay, F., Le Tulzo, Y., Conrad, M., Robert, 
R., Gonzalez, F., Guitton, C., Tamion, F., Tonnelier, J.-M., 
Guezennec, P., … Radermacher, P. (2014). High versus 
Low Blood-Pressure Target in Patients with Septic Shock. 
New England Journal of Medicine. https://doi.org/10.1056/
nejmoa1312173

Ashkar H, Adnan G, Makaryus AN. Dobutamine. [Updat-
ed 2023 Jan 19]. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2023 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK470431/

Ayres JK, Maani CV. Milrinone. [Updated 2022 Sep 6]. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2023 Jan-. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK532943/ 

Bauer, M., Gerlach, H., Vogelmann, T., Preissing, F., 
Stiefel, J., & Adam, D. (2020). Mortality in sepsis and sep-
tic shock in Europe , North America and Australia between 
2009 and 2019 — results from a systematic review and 
meta-analysis. 1–9. https://doi.org/https://doi.org/10.1186/
s13054-020-02950-2

Bickell, W. H., Wall, M. J., Pepe, P. E., Martin, R. R., Ginger, 
V. F., Allen, M. K., & Mattox, K. L. (1994). Immediate versus 
Delayed Fluid Resuscitation for Hypotensive Patients with 
Penetrating Torso Injuries. New England Journal of Medi-
cine. https://doi.org/10.1056/nejm199410273311701

Carlson, D. L., Willis, M. S., White, D. J., Norton, J. W., & 
Giroir, B. P. (2005). Tumor necrosis factor-alpha-induced 
caspase activation mediates endotoxin-related cardiac 
dysfunction. Critical Care Medicine, 33(5), 1021–1028. 
https://doi.org/10.1097/01.CCM.0000163398.79679.66

Cecconi, M., De Backer, D., Antonelli, M., Beale, R., Bak-
ker, J., Hofer, C., Jaeschke, R., Mebazaa, A., Pinsky, M. 
R., Teboul, J. L., Vincent, J. L., & Rhodes, A. (2014). Con-
sensus on circulatory shock and hemodynamic monitoring. 
Task force of the European Society of Intensive Care Med-
icine. Intensive Care Medicine, 40(12), 1795–1815. https://
doi.org/10.1007/S00134-014-3525-Z

De Werra, I., Jaccard, C., Corradin, S. B., Chioléro, R., Yer-
sin, B., Gallati, H., Assicot, M., Bohuon, C., Baumgartner, 
J. D., Glauser, M. P., & Heumann, D. (1997). Cytokines, 
nitrite/nitrate, soluble tumor necrosis factor receptors, and 
procalcitonin concentrations: comparisons in patients with 
septic shock, cardiogenic shock, and bacterial pneumo-
nia. Critical Care Medicine, 25(4), 607–613. https://doi.
org/10.1097/00003246-199704000-00009

Geppert, A., Steiner, A., Zorn, G., Delle-Karth, G., Koreny, 
M., Haumer, M., Siostrzonek, P., Huber, K., & Heinz, G. 
(2002). Multiple organ failure in patients with cardiogenic 
shock is associated with high plasma levels of interleu-
kin-6. Critical Care Medicine, 30(9), 1987–1994. https://
doi.org/10.1097/00003246-200209000-00007

Harjola, V. P., Lassus, J., Sionis, A., Køber, L., Tarvasmäki, 
T., Spinar, J., Parissis, J., Banaszewski, M., Silva-Cardoso, 
J., Carubelli, V., Di Somma, S., Tolppanen, H., Zeymer, U., 
Thiele, H., Nieminen, M. S., & Mebazaa, A. (2015). Clinical 
picture and risk prediction of short-term mortality in car-
diogenic shock. European Journal of Heart Failure, 17(5), 
501–509. https://doi.org/10.1002/EJHF.260

Kacimi, R., Long, C. S., & Karliner, J. S. (1997). Chronic 
Hypoxia Modulates the Interleukin-1β–Stimulated Induc-
ible Nitric Oxide Synthase Pathway in Cardiac Myocytes. 
Circulation, 96(6), 1937–1943. https://doi.org/10.1161/01.
CIR.96.6.1937

Kuhota, T., McTiernan, C. F., Frye, C. S., Slawson, S. E., 
Lemster, B. H., Koretsky, A. P., Demetris, A. J., & Feldman, 
A. M. (1997). Dilated Cardiomyopathy in Transgenic Mice 
With Cardiac-Specific Overexpression of Tumor Necrosis 
Factor-α. Circulation Research, 81(4), 627–635. https://
doi.org/10.1161/01.RES.81.4.627

Lu, S., Aguilar, A., Subramani, K., Poulose, N., Ayub, A., 
& Raju, R. (2016). Alteration of cytokine profile follow-
ing hemorrhagic shock. Cytokine, 81, 35–38. https://doi.
org/10.1016/J.CYTO.2016.01.022

Marik, P. E., & Weinmann, M. (2019). Optimizing fluid 
therapy in shock. 25(3), 246–251. https://doi.org/10.1097/
MCC.0000000000000604

Pich, H., & Heller, A. R. (2015). [Obstructive shock]. Der 
Anaesthesist, 64(5), 403–419. https://doi.org/10.1007/
S00101-015-0031-9

Rhodes, A., Evans, L. E., Alhazzani, W., Levy, M. M., An-
tonelli, M., Ferrer, R., Kumar, A., Sevransky, J. E., Sprung, 
C. L., Nunnally, M. E., Rochwerg, B., Rubenfeld, G. D., An-
gus, D. C., Annane, D., Beale, R. J., Bellinghan, G. J., Ber-
nard, G. R., Chiche, J. D., Coopersmith, C., … Dellinger, 
R. P. (2017). Surviving Sepsis Campaign: International 
Guidelines for Management of Sepsis and Septic Shock: 
2016. Intensive Care Medicine. https://doi.org/10.1007/
s00134-017-4683-6

Standl, T., Annecke, T., Cascorbi, I., Heller, A. R., Sa-
bashnikov, A., & Teske, W. (2018). The Nomenclature , 
Definition and Distinction of Types of Shock. https://doi.
org/10.3238/arztebl.2018.0757

Patel, S., Holden, K., Calvin, B., DiSilvio, B., & Dumont, T. 
(2022). Shock. Critical Care Nursing Quarterly, 45(3), 225–
232. https://doi.org/10.1097/CNQ.0000000000000407
Overgaard, C. B., & Dzavík, V. (2008). Inotropes and va-
sopressors: review of physiology and clinical use in cardio-
vascular disease. Circulation, 118(10), 1047–1056. https://
doi.org/10.1161/CIRCULATIONAHA.107.728840 

Shi, R., Hamzaoui, O., De Vita, N., Monnet, X., & Teboul, J. 
L. (2020). Vasopressors in septic shock: which, when, and 
how much?. Annals of translational medicine, 8(12), 794. 
https://doi.org/10.21037/atm.2020.04.24

10

11

12

13

14

15

16

17

18

19

20



RESEARCH REVIEW ARTICLE JORDANIAN AMERICAN PHYSICIANS ACADEMY JOURNAL

Issue 004 | March 2024 8

Belletti, A., Nagy, A., Sartorelli, M., Mucchetti, M., Putzu, 
A., Sartini, C., Morselli, F., De Domenico, P., Zangrillo, 
A., Landoni, G., & Lembo, R. (2020). Effect of Continu-
ous Epinephrine Infusion on Survival in Critically Ill Pa-
tients: A Meta-Analysis of Randomized Trials. Critical 
care medicine, 48(3), 398–405. https://doi.org/10.1097/
CCM.0000000000004127

Rhodes, A., Evans, L. E., Alhazzani, W., Levy, M. M., An-
tonelli, M., Ferrer, R., Kumar, A., Sevransky, J. E., Sprung, 
C. L., Nunnally, M. E., Rochwerg, B., Rubenfeld, G. D., 
Angus, D. C., Annane, D., Beale, R. J., Bellinghan, G. J., 
Bernard, G. R., Chiche, J. D., Coopersmith, C., De Backer, 
D. P., … Dellinger, R. P. (2017). Surviving Sepsis Cam-
paign: International Guidelines for Management of Sepsis 
and Septic Shock: 2016. Intensive care medicine, 43(3), 
304–377. https://doi.org/10.1007/s00134-017-4683-6

Khanna, A., English, S. W., Wang, X. S., Ham, K., Tum-
lin, J., Szerlip, H., Busse, L. W., Altaweel, L., Albertson, 
T. E., Mackey, C., McCurdy, M. T., Boldt, D. W., Chock, 
S., Young, P. J., Krell, K., Wunderink, R. G., Ostermann, 
M., Murugan, R., Gong, M. N., Panwar, R., … ATHOS-3 
Investigators (2017). Angiotensin II for the Treatment of 
Vasodilatory Shock. The New England journal of medicine, 
377(5), 419–430. https://doi.org/10.1056/NEJMoa1704154

Van Tassell, B. W., Seropian, I. M., Toldo, S., Mezzaroma, 
E., & Abbate, A. (2013). Interleukin-1β induces a revers-
ible cardiomyopathy in the mouse. Inflammation Research, 
62(7), 637–640. https://doi.org/10.1007/S00011-013-0625-
0/METRICS

Zhang, C. (2008). The role of inflammatory cytokines in 
endothelial dysfunction. Basic Research in Cardiology, 
103(5), 398. https://doi.org/10.1007/S00395-008-0733-0

Zhang, C., Hein, T. W., Wang, W., Ren, Y., Shipley, R. 
D., & Kuo, L. (2006). Activation of JNK and xanthine oxi-
dase by TNF-alpha impairs nitric oxide-mediated dilation 
of coronary arterioles. Journal of Molecular and Cellular 
Cardiology, 40(2), 247–257. https://doi.org/10.1016/J.
YJMCC.2005.11.010

21

22

23

24

25

26


