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Abstract
Circulatory shock is a complex clinical syndrome encompassing a group of conditions that can arise from different etiologies and presented by several different hemodynamic patterns. If not corrected, cell dysfunction, irreversible multiple organ insufficiency, and death may occur. The four basic types of shock, hypovolemic, cardiogenic, obstructive and
distributive, have features similar to that of hemodynamic shock. It is therefore essential, when monitoring hemodynamic shock, to making accurate clinical assessments which will guide and dictate appropriate management therapy.
The European Society of Intensive Care has recently made recommendations for monitoring hemodynamic shock.
The present paper discusses the issues raised in the new statements, including individualization of blood pressure
targets, prediction of fluid responsiveness, and the use of echocardiography as the first means during the initial
evaluation of circulatory shock. Also, the place of more invasive hemodynamic monitoring techniques and future
trends in hemodynamic and metabolic monitoring in circulatory shock, will be debated.
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Introduction

In 2006, a task force of twenty-five experts, and a eleven individuals representing The American Thoracic
Society (ATS), European Respiratory Society (ERS),
European Society of Intensive Care Medicine (ESICM),
Society of Critical Care Medicine (SCCM), and Société
de Réanimation de Langue Française (SRLF), published
basic guidelines dedicated to the hemodynamic management and treatment of patients with shock [1]. ESICM formed another task force of twelve experts, some
of whom had been involved in formulating the 2006
guidelines, with the objective of updating the “Paris
Consensus” by taking into account newer published
evidence. Because such an exhaustive paper [2], is not
published every year, some of its authors, together with
other specialists in the field, release every two to three
years, clinical reviews to update knowledge [3,4].
The ESICM asked the experts to answer five questions also addressed by the 2006 committee.
*
·

a. What are the epidemiologic and pathophysiologic
features of shock in an intensive care unit (ICU)?
b. Should we monitor preload and fluid responsiveness in shock?
c. How and when should we monitor stroke volume
or cardiac output in shock?
d. What markers of the regional and microcirculation
can be monitored, and how can cellular function be
assessed in shock?
e. What is the evidence for using hemodynamic monitoring to direct therapy in shock?

Definition

and pathophysiological
features of shock in the ICU
According to ESICM (ESICMc-2014), circulatory
shock is defined as an acute clinical life-threatening
and generalized syndrome of acute circulatory failure
associated with inadequate oxygen utilization by the
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cells [2]. Shock states are initiated by inadequate tissue
perfusion resulting, in severe dysfunction of vital organs, a condition, which arises when the oxygen supply
to the mitochondria is impaired. The result of all types
of shock states is cellular dysoxia associated with elevated blood lactate levels. ESICMc-2014 indicated that
the occurrence of hypotension is no longer mandatory
in defining a shock state. Shock can occur following either hypoperfusion or inadequate perfusion of end organs leading to the loss of the physiological balance between oxygen delivery (DO2) and oxygen consumption
(VO2) as well as being associated with elevated blood
lactate values.
Four types of hemodynamic shock are recognized [5].
Hypovolemic shock: A direct loss of effective circulating blood volume (internal and/or external) which
primary leads to decreased cardiac preload, stroke volume and consequently impaired end-organ perfusion.
Cardiogenic shock: A decreased systemic circulatory
blood flow due to an intrinsic defect in cardiac function
either the heart muscle and/or valvular dysfunction.
Obstructive shock: Intra-cardiac or extra-cardiac
mechanical obstruction to cardiac filling that decreases
the cardiac output and consequently decreases end-organ perfusion.
Distributive shock: A peripheral vascular dilatation
causing a decreased systemic vascular resistance (SVR)
associated with increased cardiac output and compromised perfusion of vital organs.
However many patients with circulatory failure have
a combination of more than one form of shock as is
seen in cases of septic shock.
Sepsis previously was defined as a systemic inflammatory response syndrome (SIRS) in response to an
infectious process, while septic shock is severe sepsis
with persistent signs of end organ damage, hypotension (systolic blood pressure <90mmHg) and elevated
serum lactate (>4mmol/l) [6].
Considering that there was a need to re-examine the
classical definition of sepsis to distinguish sepsis from
uncomplicated infection, ESICM and the Society of
Critical Care Medicine (USA) published in February
2016, “The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3) [6-8].
They redefined sepsis as “a life-threatening organ dysfunction caused by a dysregulated host response to infection”. Hence, they advocated a change in the way sepsis
and septic shock is approached, away from a focus on the
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reaction to a systemic inflammation and towards a consideration of organ dysfunction,. The latter can be identified in ICU patients as an acute change in the Sequential [Sepsis-related] Organ Failure Assessment (SOFA)
score>2 points, subsequent to the infection [6-8].
According to Sepsis-3, septic shock is a subset of sepsis in which underlying circulatory, cellular and metabolic abnormalities are associated with a greater risk of
mortality than sepsis alone (>40 % versus >10 %). The
Sepsis-3 definition for the septic shock in adult patients
is based on cumulative criteria: sepsis plus hypotension
requiring the use of vasopressors to maintain MAP ≥ 65
mm Hg, plus elevated blood lactate levels > 2 mmol/L,
persisting after adequate fluid resuscitation. Therefore,
currently, septic shock is the only form of circulatory
shock, which still requires the mandatory presence of
hypotension as a definition criterion.

Epidemiological

features of shock in
the ICU
Shock affects about one third of patients admitted to an
ICU [9]. According to a pan-European study which included 1,679 acutely ill patients (SOAP II), septic shock
was the most frequent cause of shock, accounting for 62
% of cases, followed by cardiogenic shock 17 % and hypovolemia 16% [10]. In Septic shock, the reported mortality ranged between40–50 %, and in some sever cases,
the death rate was as high as 80% [11]. Septic shock is
considered to be the tenth leading cause of death in the
USA, estimated to claim 90,000 lives per year and its
reported incidence in ICU patients varies between 6.3
and 14.7% [12]. The mortality rates are around 17.9%
for sepsis, 28.6% for severe sepsis and higher than 40 %
for septic shock [6,12,13].
Regarding cardiogenic shock, which is estimated to
complicate 3-8% of cases of acute myocardial infarction, mortality historically approached 80%, and presently, despite medical advancements, the mortality is
still as high as 40-70% [14,15].
Hemorrhagic Shock occurs in about 1 to 2% of trauma cases. Civilian data indicate that approximately 10%
of traumatic deaths are preventable, and 16% of preventable deaths are due to hemorrhage [16].

Diagnosis

of shock
Patients should be assessed for the etiology of shock by
an initial rapid clinical evaluation based on a history
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taking, physical examination, and appropriate initial
laboratory tests.
1. Clinical signs and bedside observations
In many cases with maintained arterial blood pressure,
it is still possible to find markers of inadequate tissue
perfusion such as increased blood lactate levels, low
mixed venous oxygen saturation (SvO2) or low central venous oxygen saturation (ScvO2) values [17,18].
For this reason, hypotension was excluded from the
mandatory definition of shock states, with the notable
exception of septic shock [2,6-8]. On the other hand,
some early clinical findings such as skin colour and
skin temperature disturbances, heart rate, rhythm,
electrocardiogram (ECG), capillary re-fill test, urine
output, mental status, the effect of body position on the
blood pressure, remain valuable signs of hemodynamic
shock and pre-shock phases. Clinicians should always
check for clinical signs of ineffective tissue perfusion
take into account the three “windows” (1) skin (cutaneous perfusion) (2) kidney (urine output) and (3) brain
(mental status)[2].
2. Metabolic markers of regional and microcirculation and the assessment of cellular function in shock
A shock state should be suspected if some of the above
described clinical findings for shock are identified. The
next recommended step is to measure arterial or venous blood lactate levels [2].
Hyperlactatemia: It has been known for more than
40 years, that a close relationship exists between hyperlactatemia and higher mortality and morbidity rates
in shock patients. Hyperlactatemia is a marker of the
imbalance between the oxygen consumption (VO2)
and oxygen delivery (DO2) in acute circulatory failure
states such as septic shock, obstructive shock, hypovolemic shock, and hypoxemia. It is a much more precise indicator of ineffective perfusion than a base deficit
or metabolic acidosis, despite the fact that all of these
parameters occur during the transition from aerobic to
anaerobic metabolism[19]. In shock patients, hyperventilation and the administration of un-buffered or
buffered electrolyte solutions, independently influence
base deficit and therefore minimize changes in blood
pH [14].
The new ESICMc-2014 report underlines the fact
that blood lactate levels > 2mEq/L should be considered the hallmark of an existing shock syndrome [2,20].
Also, previous trials showed that the concomitant pres-
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ence of hemodynamic shock plus hyperlactatemia> 4.0
mmol/L is associated with a mortality of 30% to 45%
[12.19]. In ICU patients, in the absence of physical exertion, a blood lactate level > 6 mmol/l for more than
four hours, confirms the diagnosis of ineffective perfusion and predicts a mortality range between 80% and
90% [18].
Obviously, the other circumstances associated with
high lactate levels, are not all driven by ineffective
global perfusion and such factors as local ineffective
perfusion, drug effects, liver failure, malignancy, thiamine deficiency, seizures, or patients in bed struggling
against restraints or shivering, have to be exclude.
Apart from blood lactate, SvO2 or ScvO2 values can
offer valid information about the balance between DO2
and VO2. Low values, especially associated with hyperlactatemia, confirm sinadequate oxygen transport [2].
Improvement in their values is used to indicate early
therapy protocols but with non-uniform results [21].
In shock sates associated with hyperlactatemia, because
venous oxygen saturations do not correspond with local ineffective perfusion, high SvO2 / ScvO2 values are
poor indicators as to whether or not DO2 is adequate.
The veno-arterial carbon dioxide difference (Δv-a
PCO2) is another important metabolic marker, which
relates to the adequacy of the blood flow and values > 6
mmHg suggest inadequate tissue perfusion [2].

The

hemodynamic monitoring
techniques in shock
There are three main reasons for hemodynamic monitoring in shock patients:
1. To identify the type of shock
2. To select the most appropriate therapy
3. To evaluate the response to that therapy

What

indicators can hemodynamic
monitoring provide to identify the
type of shock?
In most cases of circulatory shock, invasive blood pressure measurement is required to measure both continuous arterial pressure and blood gas samples. The target value of mean arterial blood pressure (MAP) is at
least 65mmHg and should be individualized, lower in
unstopped bleeding source and higher in hypertensive
patients or patients with clinical improvement under
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these higher pressures [22]. A central venous catheter
(CVC) is usually used for CVP measurement, ScvO2
measurements, vasopressor and/or inotrope therapy
administration. Evaluation of CO, cardiac function and
preload is essential to identify the type of shock and
can be obtained using different techniques and different monitoring devices.
Hemodynamic monitoring techniques have evolved
enormously during the last twenty years due to a
growing interest in the utilization of less invasive devices that could be substituted for pulmonary arterial
catheterization (PAC). In comparison to PAC, some
of those new minimally invasive technologies provide
static volumetric parameters related to preload and intra-thoracic blood volume (ITBV) parameters related
to flow; CO and SV, parameters related to organ function; cardiac power output (CPO), extravascular lung
water (EVLW) and pulmonary vascular permeability
index (PVPi), dynamic (functional) parameters related
to fluid responsiveness; stroke volume variation (SVV)
and pulse pressure variation (PPV).
Echocardiography uniquely offers essential information, about cardiac function and structure, in real time.
It helps differentiate between different types of shock,
and can be used to assess preload, fluid responsiveness,
systolic, and cardiac diastolic function. It is the golden
standard in the initial hemodynamic assessment of
patients in circulatory shock and should be used as a
complementary tool in invasively monitored patients
[2-4].

How

do the parameters provided by
hemodynamic monitoring help to
select and evaluate the therapy?
Treating the underlying cause of circulatory shock is the
primary treatment objective. Fluid administration and
pharmacological therapy with vasopressor or inotropes
are used to maintain CO and improve organ perfusion
while the underlying cause is corrected. ESICMc-2014
answered the following two important questions:
a. How and when should we monitor SV or CO in
shock?
b. Should we monitor the preload and fluid responsiveness in shock?
The routine measurement of CO is recommended
only in shock patients that do not respond to initial
treatment because there is a need to evaluate, in a very
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accurate manner, the response to fluid or inotropes [23].
Previous approaches were based mainly on the measurements of cardiac filling pressures (CVP, PCWP) and
CO but these parameters cannot always discriminate
with enough power, between different types of shock or
certain combinations.
However, in non-responders to initial resuscitation,
advanced hemodynamic techniques, such as PAC or
trans-pulmonary thermodilution-TPTD, should be
used to determine the type of shock. PAC does not
only calculates CO through PTD but also measures the
pressure values inside the right heart and pulmonary
artery which make it useful especially in shock patients
with pulmonary hypertension, ARDS or right ventricular failure.
TPTD techniques include PiCCO technology (Pulsion Medical Systems - Germany) and EV1000/volume
view technology (Edwards Life sciences - USA). Both
methods consist of an initial calibration by the TPTD
method. The SV then is measured beat by beat, using
a pulse contour analysis, through a thermistor tipped
catheter inserted into a peripheral artery. The SV,
CI, and CO measured by the two types of calibrated
pulse contour technologies were shown to agree well
with the values obtained with PAC [19-20]. Moreover,
TPTD itself offers other critical volumetric parameters
(GEDV, ITBV) and organ function parameters (EVLW,
PVPi, and CPO). EVLW and PVI may be of extreme
importance in pointing to correct fluid therapy in septic shock patients, ARDS and cardiogenic pulmonary
edema [11,24]. Those systems are able to measure continuously relevant dynamic parameters of fluid responsiveness: SVV and PPV.
Studies in different patient population, investigating
the hemodynamic parameters provided by those technologies as a means of influencing treatment therapy,
showed promising outcomes [25-29]. Studies using
those technologies in other types of shock are lacking.
Regarding the second question as to whether or not
monitoring of the preload and fluid responsiveness in
shock, should be undertaken, the new, guidelines recommended the usage of the dynamic parameters of fluid responsiveness (SVV, PPV, etc.) rather than the old
static parameters of CVP, PCWP, GEDV, ITBV and left
ventricular end-diastolic area measured by echocardiography (LVEDA), during attempts to predict CO response to fluid administration. In comparison with the
European intensivists, American nephrologists adopted and recommended a much earlier use of dynamic

Available online at: www.jccm.ro

(functional) parameters to predict fluid responsiveness
in patients at risk [30].
Today, there is evidence that both hypovolemia and
hypervolemia are harmful [31-32]. Meantime, the only
reason to administer fluid to a shock patient is to attempt to improve the patient’s perfusion, namely to increase significantly SV or CO (> 10- 15 %) [32].
Until fifteen years ago most physicians thought the
static pressure or volumetric parameters were reliable
predictors of fluid responsiveness in patients. However,
this approach neglected the reality that no static parameter can predict, with accuracy, the CO response to
fluid load [33,34].
Many studies have proven that the approaches to
fluid resuscitation, based on static parameters, lack a
scientific basis and should be abandoned, as there is no
threshold for the discrimination between responders
and non-responders to volume administration [32,3537].
In conclusion, if the problem is fluid resuscitation,
functional hemodynamic monitoring using dynamic
parameters would be the correct option, taking into
consideration the limits to which patients should be
sedated, paralyzed, mechanically ventilated, with sinus
rhythm and closed chest, no severe pulmonary hypertension or severe right ventricular failure [38-41]. In
mechanically ventilated patients, as well as in spontaneous breathing patients, other types of dynamic
parameters can be employed, namely those obtained
during a passive leg raising maneuver (PLR): direct
measurements of the SV or CO variations, or measure-
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ments of surrogates such as descending aortic blood
flow changes [42,43].
In spontaneously breathing patients, beside the
PLR technique, the reduction of the right atrial pressure (RAP) by at least one mmHg, during inspiration,
also accurately predicts the CO response to fluid administration [44]. The main ten key messages and recommendations regarding the shock states (in authors’
opinion) from the ESICMc-2014 and the Sepsis 3 are
summarized in Table 1.

Future

trends in hemodynamic monitoring:
1. Continuous transesophageal echocardiography
Within the past decade, echocardiography has proven
to be an excellent alternative to invasive hemodynamic
monitoring and ESICMc-2014 concluded that echocardiography is the preferred technique for initial evaluation as well as for sequential follow up. The effectiveness
of echocardiography in assisting the hemodynamic
management of patients during general anesthesia
and its reliability to make a peri-operative diagnosis,
is well established [45,46]. Moreover, many scientists
consider that the SVC collapsibility index offered by
Trans Esophageal Echocardiography (TEE), appears to
be “the most reliable index of volume responsiveness”
[3,4,47,48]. Unfortunately the relatively invasive nature
of conventional TEE, the lack of continuity and the required long training period, have limited TEE use as a

Table 1. The ten most important key messages and recent recommendations regarding the diagnosis and the hemodynamic monitoring in circulatory shock
No.

Key message and recommendations

1.

The hypotension remains a mandatory definition criterion only for septic shock patients (together with the presence of sepsis and serum lactate > 2 mmol/L)
Echocardiography is preferred for initial evaluation and can be used for sequential evaluation.
Even in complex patients echocardiographic examination comes first, then PAC or TPTD to determine the type of
shock.
Serial measurements of blood lactate and SvO2 / ScvO2 / CO2-gap are recommended.
Static parameters (CVP, PCWP, LVEDA, GEDV, ITBV) alone should not be used to guide fluid resuscitation.
Use dynamic over static variables to predict fluid responsiveness.
No routine use for PAC which should be used only in selected cases.
No routine measuring of CO but in non-responders to the initial therapy, CO or SV should be measured to evaluate
response to fluid or inotropes.
It is not recommended to target absolute values of DO2 or absolute values of filling pressure or volume.
Sequential evaluation of the hemodynamic status.

2.
3.
4.
5.
6.
7.
8.
9.
10.

SvO2: mixed venous oxygen saturation, ScVO2: central venous oxygen saturation, CVP: central venous pressure, PCWP: pulmonary capillary wedge pressure, LVEDA: left ventricular end-diastolic area, GEDV:
global end-diastolic volume, ITBV: intra thoracic blood volume, PAC: pulmonary artery catheter, TPTD: transpulmonarythermodiluation, DO2: oxygen delivery.
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hemodynamic monitoring tool [48]. The recent development of a mini-invasive, miniaturized, disposable,
2D monoplane TEE probe (ImaCor-USA), dedicated
for continuous long term hemodynamic and cardiac
function monitoring, is of interest. The system consists
of an optimized ultrasound engine and the miniaturized TEE probe of 5.5 mm diameter, hemodynamic
transesophageal echocardiography (hTEE), providing
three primary cross-sectional views of the heart, i.e.
short axis trans-gastric, mid-esophageal four chambers
and superior vena cava views (Figure 1).
The main advantages of this device are its fast operation, easy manipulation, continuity of monitoring and
no required extensive training[49,50], at the same time
allowing direct visualization of cardiac performance
and evaluating of the preload, the contractility, and the
volume responsiveness (Table 2).
Several studies evaluated the capabilities of hTEE
and its therapeutic impact on critically ill patients. The
results showed that a short period of training (6 hours)
allowed intensivists who previously had no training in
TEE before the use the use of hTEE, could highlight the
same hemodynamic disturbances as a trained cardiologist [48-50]. Regarding clinical use, hTEE usage was
proven to have a direct therapeutic bearing in 50 - 66%

Trans-gastric short axis		
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of the critically ill studied patients [50,51]. In cardiac
surgical patients, hTEE was better able to identify critical circumstances than the classic hemodynamic techniques, in 66 % of cases [51-53].
2. Continuous lactate monitoring:
A new monitoring technology (Eirus – Maquet Germany) for continuous and simultaneous measurement
of lactate and glucose at the patient’s bed-side, was recently introduced into clinical use. This system uses a
micro-dialysis technology that analyses blood samples
without drawing blood. The ESICMc-2014 guidelines
consider lactate to be the most important marker of ineffective perfusion and existing circulatory shock [2],
and recommend serial measurements of blood lactate
levels in all cases where shock is suspected, as well as
in already documented shock states [2]. Early management of patients with hyperlactatemia, significantly reduces both the length of in-hospital stay and mortality
in septic patients [18,54-56].
A lactate optimization strategy, as well as targeting
CI, ITBV, EVLW and MAP in burn patients, was shown
to avoid unnecessary fluid administration and provide
adequate tissue perfusion at the same time [57].

Midesophageal four chambers

Superior vena cava

Fig. 1.The three main cross-sectional views with ImaCor – hemodynamic transesophageal echocardiography (h-TEE) probe.
LV: left ventricle, RA right atrium, LA: left atrium, RV: right ventricle, RPA: right pulmonary artery, SVC: superior vena cava, Ao: aorta (ascending aorta)

Table 2. The hemodynamic assessment with withImaCor – hemodynamic transesophageal echocardiography (h-TEE)
probe
Transgastric short axis view
Evaluates preload and contractility
Assess preload using left ventricular
size.
Measure the left ventricular end
diastolic area
Assess left ventricular contractility by
fractional area change (FAC) %

Midesophageal four chamber view
Evaluates biventricular size and function
Assess relative size of the right ventricle and
left ventricle
Right ventricular and left ventricular systolic
function
Shape and kinetics of inter-ventricular septum

Superior vena cava view
Evaluates volume responsiveness
Assess superior vena cava size and
collapsibility
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Conclusions

Based on the recommendations of the European Society of Intensive Care Medicine updated guidelines
for monitoring hemodynamic shock, the following are
considered to be of importance.
1. The superiority of the dynamic over the static parameters to predict fluid responsiveness.
2. Echocardiography is the preferred technical
method for the initial diagnosis and follow-up of
patient in hemodynamic shock
3. Blood lactate, ScvO2 and CO2 A-V gap is an important clinical bed-side biomarker during the
follow-up of a patient in circulatory shock.
4. In the future, hemodynamic transesophageal
echocardiography and continuous glucose and
lactate monitoring may be considered necessary
in taking management decisions for patients in
hemodynamic shock.
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