Advances in Vasodilatory Shock: A Concise Review

Sandeep Lahiry?, Sayanta Thakur?, Dwaipayan S Chakraborty®

ABSTRACT

Vasodilatory shock is a critical manifestation of cardiovascular failure. There is uncontrolled vasodilation and vascular hyporesponsiveness to
endogenous vasoconstrictors, causing the failure of physiologic vasoregulatory mechanisms. Unfortunately, only few randomized studies exist to
guide clinical management and hemodynamic stabilization in patients who do not respond to the standard approach of managing vasodilatory
shock.The present review offers the latest updates in management of this important clinical entity and a guidance framework for future research.
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INTRODUCTION

Shock, a common clinical manifestation of circulatory compromise,

results in decreased delivery of oxygenated blood to tissues

culminating in decreased organ perfusion as well as cellular

dysfunction. Table 1 provides an overview of different types of

shock. Approximately one-third of patients in the intensive care

unit (ICU) can be diagnosed harboring the clinical condition,' which

can broadly be classified into four categories:

1. Hypovolemic shock (due to external or internal fluid loss, such
as hemorrhage)

2. Cardiogenic shock (due to acute myocardial infarction,
cardiomyopathy, arrhythmias, and valvular heart diseases)

3. Obstructive type of shock (due to cardiac tamponade and
pulmonary embolism), and

4. Vasodilatory shock (due to sepsis or anaphylaxis).

Septic shock, aform of vasodilatory shock, is the most common
form of shock in critically ill patients, followed by cardiogenic and
hypovolemic shocks. In most other subtypes, there is inadequate
oxygen transport attributed to low-cardiac output. However, in
vasodilatory shock, clinical manifestation ensues due to decreased
systemic vascular resistance (SVR) with alteration in oxygen delivery
to cells.

Table 1: Overview of different types of shock
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VASODILATORY SHOCK AND SEPSIS

Sepsis is the most common cause of vasodilatory shock affecting
more than 1.5 million Americans each year at an annual burden of
cost of more than $20 billion.? Sepsis is also a significant challenge
in India in context of the healthcare facility, health education and
awareness, and limitation in resource. The findings of mortality
from sepsis have been diverge in different age groups, ranging
from as low as 9% in neonates to as high as 63% in the elderly.?
One study raised definite apprehension indicating that 25% of
the total patients admitted in ICU developed severe sepsis or

Shock
(Hypotension + decreased tissue perfusion and oxygenation)

Low CO + fluid responsiveness Low CO (+) fluid responsiveness

Hypovolemic shock Cardiogenic shock

Hemorrhage excessive diuresis Myocardial compromise, e.g., AMI,
“Third-spacing” under-resuscitated stress cardiomyopathy

sepsis

« Blood diagnostics

+ Imaging to identify suspected
bleeding sites

« Cardiac filling pressure

« Fluid challenge

» Blood transfusion, if bleeding

« Imaging: echo, PAC
- Consider inotropes
« Consider MV support

Low CO (+) fluid responsiveness High CO (+) fluid responsiveness

Obstructive shock Vasodilatory shock

Cardiac tamponade, tension Sepsis

pneumothorax, pulmonary Anaphylactic shock

embolism, dynamic hyperinflation  Drugs: Propofol, vasodilators
Metabolic acidosis

« Imaging: Chest radiograph,
echo, pleural USG

- Bladder pressure

« MV waveforms

- Fluid challenge = correction of
underlying cause

Hypocalcemia

- Diagnostics: Blood cultures,
procalcitonin, ionized calcium,
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+ Discontinue offending
medications
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ABG, arterial blood gas; AMI, acute myocardial infarction; CO, cardiac output; echo, echocardiography; MV, mechanical ventilation; PAC, pulmonary artery
catheter; USG, ultrasonogram
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septic shock with an estimated mortality >50%.* The surge in the
death toll of sepsis is representative of the overall burden of the
hospital-acquired infection (HAI) in the country. Paucity in resource
is a further hindrance over the propagation of sepsis research
infrastructure throughout the country. In this regard, an example
of the initiation of research infrastructure was promulgated by
Indian Society of Critical Care Medicine by developing a “cloud-based
database” called “Customized Health in Intensive Care, Trainable
Research and Analysis” (CHITRA) (http://www.isccm.org/chitra.
aspx).’

PATHOPHYSIOLOGY

The pathophysiology of vasodilatory shock could range from
multiple contributory states, including systemic inflammatory
response syndrome (SIRS), anaphylaxis, pancreatitis, hepatic
failure, neurologic shock due to spinal cord injury, glucocorticoid
deficiency, and various toxins. Vasodilatory shock can occur solely
or in combination with all other types of shocks. Put simply,
vasodilatory shock can be the final common pathway for severe
shock of any cause (Flowchart 1).5

In all the forms of vasodilatory shock, plasma catecholamine
concentrations are markedly increased, and the renin—angiotensin
system (RAS) gets activated. However, vasodilation and hypotension
results in less oxygen being supplied to the peripheral tissues. The
three cardinal mechanisms underpinning the pathologic state are
the following:

1. Activation of adenosine triphosphate (ATP)-sensitive potassium
channels (K"-ATP channels) in the plasma membrane of vascular
smooth muscle.

2. Activation of the inducible form of nitric oxide (NO) synthase,
and

3. Deficiency of the hormone vasopressin.

Flowchart 1: Pathophysiology of vasodilatory shock

K*-ATP channels are physiologically activated by decreases
in the cellular ATP concentration and by increases in cellular
concentrations of hydrogen ion and lactate. The opening of K*-ATP
channels allows an efflux of potassium and, thus, hyperpolarizing
the plasma membrane. This causes closer of voltage-gated calcium
channels with subsequent vasodilation.

NO production is increased due to the expression of the
“inducible form” of NO synthase in many types of cells, including
vascular smooth muscle cells and endothelium. Involvement
of several cytokines (e.g., interleukin-1pB, interleukin-6, tumor
necrosis factor-a, interferon-y, and adenosine) is predicted, as the
mechanism is not well established.

In response to hypotension, such as that due to hemorrhage
or sepsis, vasopressin releases from the neurohypophysis, and its
concentration in plasma markedly increases, which contributes to
the maintenance of arterial pressure. As shock worsens, the initially
very high concentrations of vasopressin in plasma decrease. The
exact mechanism responsible for these low concentrations remains
to be determined, but it is known that neurohypophyseal stores of
vasopressin may be depleted after profound osmotic stimulation.

Hemobpynamic CHANGES

Hemodynamically in any kind of vasodilatory shock, initially cardiac
output and heart rate are increased to compensate of reduced
oxygen supply to tissues. There is also hyperdynamic left ventricular
systolic contraction to propel blood to tissues. Despite the inotropic
and chronotropic stimulation, SVR decreases due to vasodilatation.
Thisresultsinincrease in venous capacitance and pooling of blood
in the venous system, prompting a dip in cardiac output. As a
sequel, various counterregulatory systems, such as the sympathetic
nervous system, the renin-angiotensin-aldosterone system gets
activated to counterbalance the state. But typically, SVR and preload
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remain decreased. Therefore, compromised tissue oxygenation in
the context of adequate or even increased cardiac output can be
a characteristic feature of typical vasodilatory shock (Flowchart 1).6

When sepsis-induced hypotension remains refractory to initial
management with fluid resuscitation, septic shock ensues. Septic
shockis distinguished from other shock states as a distributive type
of shock. At an early “compensated” stage of shock, blood pressure
is maintained with other signs of distributive shock, such as the
patient being in a hyperdynamic state, which is the characteristic
of septic shock. Clinically, patients have a dynamic precordium with
tachycardia and bounding peripheral pulses, warm extremities,
flash capillary refill (<1 second), also known as “warm shock.” This
stage of shock can reverse if managed aggressively with fluid
resuscitation and vasoactive support.”

As shock progresses into the uncompensated stage,
hypotension set in with features such as cool extremities, delayed
capillary refill (>3 seconds), and thread pulse. This state is typically
known as “cold shock.” This state could prompt continued tissue
hypoperfusion leading to irreversible, progressive multiorgan
dysfunction syndrome and death.

MANAGEMENT

Objective

The initial (and main) goal of the treatment is the reversal of
underlying cause. For instance, in septic shock removal of focus
of infection can dramatically improve survival followed by
hemodynamic stabilization with fluids and vasopressors.

Initial Resuscitation

The most common cause of vasodilatory shock is sepsis. It is
recommended that the treatment and resuscitation begin
immediately as this is a medical emergency. The following steps
are necessary:

+  Atleast 30 mL/kg of intravenous (IV) crystalloid fluid be given
within the first 3 hours.

+  Following initial fluid resuscitation, additional fluids be
guided by frequent reassessment of hemodynamic status.
Reassessment should include a thorough clinical examination
and the evaluation of heart rate, blood pressure, arterial oxygen
saturation, respiratory rate, temperature, urine output, and
others, as well as other noninvasive or invasive monitoring,
as available.

+  Further hemodynamic assessment (such as assessing cardiac
function) to determine the type of shockiif clinical examination
does not lead to clear diagnosis. It is recommended to use
dynamic variables, such as stroke volume (SV), pulse pressure
variation (PPV), SV variation with passive leg raise or fluid
challenge, compared with static variables, such as central
venous pressure (CVP), to predict fluid responsiveness.®

« An initial target of mean arterial pressure (MAP) =65 mm
Hg in patients with septic shock is recommended, which is
irrespective of the vasopressors used.’

The Surviving Sepsis Campaign (SSC) bundles update in 2018
recommends that the 3-hour and 6-hour bundles should be
combined into a single “hour-1 bundle” with the explicit intention
of beginning resuscitation and management immediately.'® It
is believed that this change could reflect the clinical reality at
the bedside of these seriously ill patients with sepsis and septic
shock. Elevated lactate levels can be used as a marker of tissue
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Table 2: The Surviving Sepsis Campaign Bundles Update 2018: Elements
with strength of recommendations and underpinning quality of
evidence

Grade of recommendation with

Hour 1 - Bundle Element level of evidence

Weak recommendation, low
quality of evidence

Measurement of lactate level;
remeasure if initial lactate is >2
mmol/L

Obtaining blood culture prior to
administration of antibiotics

Best practice statement

Using broad-spectrum
antibiotics

Strong recommendation,
moderate quality of evidence
Strong recommendation, low
quality of evidence

Rapid administration of 30 mL/
kg crystalloid for hypotension or
lactate =4 mmol/L

Apply vasopressor if patient is
hypotensive during or after fluid
resuscitation to maintain MAP
>65 mm Hg
(Source: http://www.survivingsepsis.org/SiteCollectionDocuments/Surviv-
ing-Sepsis-Campaign-Hour-1-Bundle-2018.pdf)

Strong recommendation,
moderate quality of evidence

hypoperfusion. The recommendations with its applied grade and
level of evidence are listed in Table 2.

Fluid Therapy

It is recommended to continue fluid challenge if hemodynamic
factors continue to improve. Crystalloids are the fluid of choice
for initial resuscitation and subsequent volume replacement
in patients with septic shock, though balanced crystalloids
or saline is recommended. The use of albumin is justified in
addition to crystalloids for resuscitation and subsequent volume
replacement if substantial amounts of crystalloids are needed.
Recommendations are against using hydroxyethyl starches
(HESs) for volume replacement. Crystalloids should be preferred
over gelatins in resuscitating patients with sepsis/septic shock
due to surge in the risk of anaphylaxis with accompanying
adverse outcome, such as increasing mortality, renal failure, and
bleeding possibly due to extravascular uptake and coagulation
impairment.®™

In SAFE trial (n =6997, multicenter, double blind, parallel group,
randomized, controlled trial [RCT]), there is no significant difference
in survival between two groups (4% albumin vs normal saline) in
initial ICU resuscitation.' Similarly, in 2014 Albumin Italian Outcome
Sepsis (ALBIOS) trial (n = 1818, multicenter, open-label, randomized
trial), where patients received 20% albumin/crystalloid or crystalloid
during resuscitation and through day 28 in the ICU, the albumin/
crystalloid group had statistically different hemodynamic profile
than the crystalloid group with no increase in survival.'®

Vasoactive Medications

Norepinephrine is recommended as the first-choice vasopressor.
The addition of either vasopressin (up to 0.03 U/min) or epinephrine
to norepinephrine with the intent to raise MAP can be followed.
Dopamine in low dose is preferred as an alternative vasopressor
to norepinephrine only in highly selected patients (e.g., those with
low risk of tachyarrhythmias and those with absolute or relative
bradycardia). Dobutamine can also be used in patients who show
evidence of persistent hypoperfusion despite adequate fluid
loading and the use of vasopressor agents.’
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Conflicting result s followed in subsequent trials of vasopressor
agents:

« In dopamine vs norepinephrine trial (multicenter, open label,
randomized, controlled trial), there was no significant difference
in 28 days, 6- or 12-month mortality."

+ In meta-analysis of 32 trials of vasopressors in septic shock,
norepinephrine was favored over dopamine due to survival
benefit, better hemodynamic profile, and less incidence of
adverse event.”

« In epinephrine vs norepinephrine trial (n = 277, multicenter,
double-blind, parallel group, randomized, controlled trial),
there was no difference in MAP achieved, max daily dose, mean
CVP, or net fluid balance during infusion.'® But epinephrine was
associated with significant development (<0.001) of tachycardia
and lactic acidosis in first 4- to 24-hour period.

- In vasopressin vs norepinephrine trial (n = 778, multicenter,
double-blind, parallel group, randomized controlled trial), less
serious septic shock was reported with vasopressin (p = 0.05),
but otherwise no significant difference was found.”

+ Meta-analysis of the vasopressin/terlipressin treatment in
vasodilatory shock did not exhibit any significant survival
benefit.'® However, the use of vasopressin or terlipressin,
although not showing any survival benefit, may be valued
by physicians due to sparing effects on norepinephrine
requirement.

Newer Agents for Refractory Vasodilatory Shock

Refractory vasodilatory shock is defined as hypotension despite
the use of high doses of vasopressors. It is a very critical condition,
where 30-day all-cause mortality in treatment-refractory septic
shock is more than 50%.

In a very first trial using angiotensin, blood pressure was
normalized in 15 out of 21 critically ill patients.!” Then, comes the
Angiotensin Il for the Treatment of High-Output Shock (ATHOS)
trial, a pilot study (n = 20) that showed human angiotensin Il can
effectively increase MAP.2° Subsequently, a larger ATHOS 3 trial (n =
344) conducted over 75 ICUs showed that Angiotensin Il effectively
increased blood pressure in patients with vasodilatory shock, who
did not respond to high doses of conventional vasopressors.?' As
a sequel to the above-mentioned trial, US-FDA finally approved
Giapreza (angiotensin Il) in December 2017 as an intravenous
infusion to increase blood pressure in adults with septic or other
distributive shock.??

Two other drugs are still evolving: vasopressin and selepressin
(V1a selective agonist), which are under active trials. The use of
selepressin 2.5 ng/kg/min infusion in early septic shock (n = 53,
multicentre, double-blind, parellel group, placebo-controlled trial)
showed higher proportion of patient maintaining MAP without
norepinephrine with less mean cumulative dose of norepinephrine
as well as shorter duration of shock with mortality benefits.?3

Extracorporeal Membrane Oxygenation

In recent years, positive experiences using extracorporeal
membrane oxygenation (ECMO) as respiratory support with a
venovenous cannulation strategy (VV ECMO) and as cardiac/
cardiorespiratory support with a venoarterial strategy (VA ECMO)
have been reported.’®'® The application of ECMO may optimize
tissue perfusion, allowing a “metabolic rest” by reducing the
need for a pressor and inotropic drugs and enabling the use of
less aggressive ventilatory support. Recent retrospective studies
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have offered some insights regarding the use of ECMO in adult
patients with refractory septic shock.2*2% Taken together, the
above-mentioned studies clarified that ECMO appears to achieve
worse results with a pattern of distributive shock with high cardiac
output and low SVR. In contrast, the use of VV ECMO in the early
stages of hemodynamic compromise could well be rationalized
attributed to its role in the correction of hypoxemia, acidosis, and
pulmonary hyperinflation.

Extracorporeal blood purification therapies have been
proposed to improve the outcome for patients with severe
sepsis with and without acute kidney injury.?”?® The underlying
principle is the removal of excessive inflammatory mediators and/
or bacterial toxins from the blood compartment to modulate the
inflammatory response. This involves various techniques, including
hemoperfusion/hemadsorption, high-adsorption hemofiltration,
high-volume hemofiltration (HVHF), high cutoff (HCO) membrane
hemofiltration/hemodialysis, plasma exchange, and coupled
plasma filtration adsorption (CPFA).

The rational for the above-mentioned approach is to
achieve “immune homeostasis,” which counteracts the immune
dysregulation of the host response to infection. With the role
of various cytokines established in sepsis, it is assumed that to
get rid of such substances could ameliorate the deteriorating
consequences in the early phase of sepsis.?? Despite early
promise, no multicenter RCT has shown a survival benefit with
the use of the HVHF technique.3%3' Similarly, a meta-analysis
depicting arole of the extracorporeal blood purification technique
also failed to demonstrate survival benefit.3? This might be
attributed to the variation in different factors, such as intensity
of cytokine production, the number of receptors, clearance of
such mediators, and affinity of receptors for such mediators. The
enhanced inflammatory response could well be linked with the
production of pro- and anti-inflammatory mediators rather than
the disequilibrium in between.?® Therefore, a similar technique,
such as continuous venovenous hemofiltration (CVVH), has not
really appreciated any clinical benefit.3* However, meta-analysis
suggested that the only potential effective blood purification
technique for the sepsis is plasma exchange or hemadsorption
with polymyxin B.34

A recent RCT involving 20 patients being administered
hemadsorption therapy (CytoSorb) as a stand-alone therapy within
first 24 hours of onset of septic shock shown to be safe and resulted
in a significant reduction in norepinephrine requirements in the
CytoSorb group compared with the control.3 The largest study that
follows an open-label RCT donein 10 German study sites involving
a total of 582 patients with 100 mechanically ventilated patients
with severe sepsis or septic shock together with acute lung injury
or acute respiratory distress syndrome, to be recruited. CytoSorb
was administered for 6 hours per day for 7 days. Compared with
the standard care, the application of this technique has not shown
any significant overall reduction of the IL-6 level in blood compared
with the control. Moreover, there was no association between
treatment with hemadsorption and mortality or any secondary
endpoints, such as duration of mechanical ventilation or MOD
score.3® On the contrary, various case series in patients with sepsis
do point to a reduction in vasopressor dose.” The third interim
analysis of 135 patients in Acute Physiology and Chronic Health
Evaluation Il (APACHE-II) trial demonstrated mortality of 65%
against the predicted mortality of 78% in patients with APACHE-II
score >25.38
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The key takeaway message from the above-mentioned
trials corroborate the fact that the initiation of early therapy in
vasodilatory shock can impose maximized benefits. However,
timing to intervention must be adjusted with characterization and
onset of immunosuppression. Various pharmacokinetic studies
on cytokine clearance would be extremely useful to delineate the
therapy duration. As evident from the APACHE-II study, the effect
of intervention might vary ascribed to the disease severity. More
robust well-conducted randomized controlled studies with the
selection of appropriate patients and endpoints of physiological
relevance can be conducive for betterment of future knowledge
regarding these techniques.

CoNcLUSION

Vasodilatory shock s a leading cause of death in ICU setups, and its
most common form is septic shock. Other than definitive therapy,
fluid therapy and vasoactive medications are the most important
supporting care to increase survival benefits. Despite optimal
treatment with well-defined protocols, mortality rate remains high.
Other promising interventions promulgated via clinical trials might
pave the way toward more robust as well as practical treatment
protocol. There should be more focused way of acquiring better
knowledge through the adoption of scientifically sound as well as
clinically pertinent research protocol.
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