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Circulatory failure encompasses a broad range of 
 clinical scenarios, primarily involving the occurrence 
of shock in critically ill patients with frequently asso-
ciated comorbidities. The primary goal of acute thera-
peutic management is to restore rapidly an adequate 
tissue perfusion and oxygen delivery in order to meet 
the patient’s metabolic demand. If shock persists after 
initial resuscitation, a comprehensive evaluation of 
hemodynamic status is crucial in identifying the prime 
mechanism of circulatory failure and guiding acute 
care in patients requiring more advanced and pro-
longed support.

Echocardiography Doppler is an unparalleled 
 technique that provides functional and morphological 
information about the heart and great vessels [1]. By 
providing real-time images, it directly depicts the 
response and tolerance to therapy, which are not acces-
sible using other “blind” technologies [2]. The assess-
ment of circulatory failure and shock constitutes the 
most frequent indication for performing an echocar-
diographic study in intensive care unit (ICU) settings. 
In addition to its diagnostic capability, echocardiogra-
phy allows for a close monitoring of ultrasound-guided 
therapeutic changes.

The present chapter describes the use of Doppler 
echocardiography for the diagnosis and management 
of circulatory failure and presents an overview of deci-
sion algorithms. It is important to note that the algo-
rithms proposed here are unable cover the great 
complexity and number of different clinical situations. 
Circulatory failure after cardiac surgery, severe trauma, 
or associated with the acute aortic syndrome is detailed 
in a specific section (see Part. 5).
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10.1  Definitions

Clinical findings suggestive of shock are typically asso-
ciated with the presence of hypotension together with 
abnormal heart rate and signs of tissue hypoperfusion, 
such as altered mental status, decreased urine output, 
skin mottling, and cold extremities [3]. Shock results 
from inadequate tissue perfusion and oxygen delivery 
with respect to organ needs, which ultimately lead to 
cellular dysoxia. Accordingly, shock has recently been 
defined by an international consensus conference as a 
life-threatening, generalized maldistribution of blood 
flow, resulting in failure to deliver and/or utilize ade-
quate amounts of oxygen, leading to tissue dysoxia [4]. 
Importantly, the conference recommended that the pres-
ence of hypotension (i.e., systolic blood pressure 
<90 mmHg or decrease of at least 40 mmHg from base-
line or mean arterial pressure <65 mmHg) was not 
required to define shock [4]. Although hemodynamic 
instability is most frequently present in the development 
of shock, clinical signs of tissue hypoperfusion and/or 
biological markers of inadequate tissue perfusion – e.g., 
decreased central venous oxygen saturation (ScvO

2
)  

or mixed venous oxygen saturation (SvO
2
), increased 

blood lactate, increased base deficit, and low pH – can 
be observed in the absence of hypotension [4].

10.2  Indications of echocardiography

Recent American guidelines recommend performing a 
transthoracic (TTE) or transesophageal echocardiogra-
phy (TEE) to evaluate hypotension or hemodynamic 
instability of uncertain or suspected cardiac etiology 
with an appropriateness score [5]. The recent interna-
tional consensus conference postulates that TTE can be 
safely considered in patients sustaining persistent shock 
despite aggressive initial therapy [4]. Using modern 
upper-end platforms, TTE has been reliably shown to 
exclude a cardiac source of shock in ventilated criti-
cally ill patients [6]. Nevertheless, accumulated experi-
ence in ICUs routinely using echocardiography as a 
first-line imaging technique for the assessment of cir-
culatory failure suggests that TTE frequently fails to 
provide adequate imaging quality and unambiguous 
findings in mechanically ventilated patients [7, 8]. In 
these cases, TEE is the preferred approach [5]. When 
contraindications are carefully excluded, esophageal 

intubation is safe in critically ill patients who are 
mechanically ventilated [9]. TEE provides further 
insight into central hemodynamics, such as in examin-
ing the superior vena cava, which indirectly allows 
assessment of volume status (see Chap. 4).

10.3  Advantages and limitations  
of echocardiography

Several studies have shown the additional value of 
echocardiography in patients presenting with circu-
latory failure who were assessed using right-heart 
catheterization [10–14] or the single-indicator trans-
pulmonary thermodilution technique (PiCCO system) 
[15]. This is presumably related to: (1) the limitations 
of the thermodilution technique for accurate measure-
ment of cardiac output [16, 17] and identification of 
the failing ventricle in low-flow states [8, 15]; (2) the 
inability of cardiac filling pressures to predict fluid 
responsiveness reliably [18]. Whether echocardiogra-
phy and continuous monitoring technologies should 
be jointly used in a multimodal approach ultimately to 
treat these complex patients more effectively remains 
to be determined (see Chap. 22).

Doppler echocardiography suffers from substantial 
limitations. As with every imaging modality, cardiac 
ultrasonography is an intermittent, yet easily repeatable, 
operator-dependent technique. Adequate image acqui-
sition and interpretation of echocardiographic findings 
are of utmost importance to ensure diagnostic accuracy 
and provide a satisfactory guide to therapy in unstable 
ICU patients. These require a tailored training, espe-
cially when performed in the ICU environment by non-
cardiologists [19]. Focused, goal-oriented TTE [20] and 
TEE [14, 21] have proved efficient after limited training 
to provide adequate answers to simple, limited clinical 
questions. Nevertheless, the assessment of patients sus-
taining complex shock requires a more comprehensive 
hemodynamic evaluation (see Chap. 21).

10.4  Diagnostic Algorithms

To accommodate all nuances of interpretation, the pro-
posed algorithms should be considered within the con-
text of the following important assumptions. First, the 
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algorithms should be used in light of the clinical 
 situation and are unable to cover the great complexity 
and number of clinical situations encountered in the 
ICU environment. Second, the indications of TTE and 
TEE are assumed to be adequate with regard to their 
respective diagnostic accuracy (see Chap. 1). Third, 
the echocardiographic study is performed and inter-
preted by a trained intensivist, who is aware of the 
adequate conditions for using this diagnostic modality, 
as described below.

10.4.1  Conditions of use

Echocardiographic results have to be incorporated 
within a sound medical framework, which takes into 
account medical history, current clinical situation, and 
ongoing therapies (e.g., fluid loading, vasopressor or 
inotropic support). In the absence of overt echocardio-
graphic abnormalities, concordant abnormal findings 
or out-of-range indices should be gathered to identify 
more confidently the leading mechanism of shock. 
The clinical relevance of fortuitous echocardiographic 
diagnoses (e.g., underlying chronic cardiomyopathy, 
or valvulopathy) should carefully be examined in 
patients assessed for circulatory failure. Since the 
hemodynamic profile is influenced by both the patho-
logical process and therapeutic interventions, the pro-
file observed in an unstable patient may rapidly change 
over a short period. For example, transient left ven-
tricular (LV) systolic dysfunction is commonly 
observed at the acute phase of septic shock and in 
many other clinical circumstances encountered in ICU 
patients. The diagnostic algorithms proposed below 
should be used in the specific clinical context of each 
patient to prompt diagnosis of the origin of shock and 
determine the appropriate therapy (Fig. 10.1).

10.4.2  General approach

In a patient with acute circulatory failure, the first step 
is to determine whether cardiac output – and eventu-
ally mean blood pressure – can be significantly 
improved by fluid repletion, a situation commonly 
termed fluid or preload responsiveness (Fig. 10.2). 
Although overt hypovolemia can be immediately 

diagnosed in the presence of a severely reduced LV 
cavity size, the measurement of end-diastolic LV area 
or volume used as surrogates of ventricular preload 
commonly fails to predict fluid responsiveness 

Decreased
SVR

Vasopressor
therapy

Hypovolemia Heart failure
(LV and/or RV
dysfunction)

Fluid
repletion

Inotropic
support*

fig. 10.1 Primary mechanisms of acute circulatory failure. 
Doppler echocardiography allows identifying the leading mech-
anism of shock and helps in guiding acute therapy. It also allows 
prompt diagnosis of mainstream obstruction of blood flow (e.g., 
cardiac tamponade, massive pulmonary embolism, dynamic left 
outflow tract obstruction). *: Vasopressors may be indicated in 
the presence of isolated RV failure. Abbreviations: SVR, sys-
temic vascular resistance; LV, left ventricle; RV, right ventricle

Cardiac failure?

No

Acute circulatory failure*

Yes

Fluid responsiveness?

Fluid loading

No

Consider circulatory assistance

Yes

LV RVVasopressors

Inotropes Vasopressors**

fig. 10.2 General algorithm illustrating the successive steps 
followed using echocardiography in the comprehensive assess-
ment of an acute circulatory failure. Dashed arrows indicate 
second-line or rescue therapies in the absence of efficacy or poor 
tolerance of initial treatment. *: Cardiac tamponade is usually 
immediately ruled out; **: inhaled nitric oxide may be used to 
decrease pulmonary vascular resistance, and inotropic support 
may be proposed, especially if left ventricular (LV) systolic dys-
function is also present. Abbreviation: RV, right ventricle
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accurately in a given patient [22]. Accordingly, 
“dynamic” echocardiographic parameters are better 
suited to evaluate preload responsiveness in ventilated 
patients who have frequently received variable amounts 
of fluid during initial resuscitation efforts (see Chaps. 
6 and 7). Like other dynamic circulatory indices, respi-
ratory variations of vena cava diameters and aortic 
Doppler velocities have been validated in septic 
patients under strict clinical conditions [18].

In the absence of preload dependence, the second 
step is to document a potential cardiac failure (Fig. 10.2). 
Echocardiography allows accurate measurement of LV 
stroke volume using the Doppler method at the level of 
the aortic ring/LV outflow tract [23]. In low-flow states, 
cardiac ultrasonography clearly depicts which is the 
prominent failing ventricle (see Chap. 5).

Global LV systolic function can be readily quantified 
using relatively simple geometric assumptions to obtain 
LV ejection fraction [24] (see Chap. 8). LV systolic dys-
function may be related to a decompensated heart fail-
ure secondary to any cardiac disease, the development 
of an acute heart failure most frequently related to an 
extended/complicated myocardial infarction, or acute 
myocarditis; alternatively, it may be associated with 
septic shock regardless of its origin (Table 10.1). The 
presence of a significant LV remodeling (e.g., LV cavity 
enlargement, thin LV walls) usually reflects the pres-
ence of an underlying chronic heart disease. Regional 
wall-motion abnormalities are usually consistent with 
ischemic heart disease. Assessment of the severity of a 
mitral or aortic valvulopathy allows the chronic cardiac 
disease to be integrated into the clinical scenario. 
Pulmonary hypertension may be severe, especially in 
chronic cardiac disease. In contrast, acute heart disease 
is typically characterized by the presence of a normal-
sized LV, with moderately elevated pulmonary artery 
pressures. The presence of LV regional wall-motion 

Time 
sequence

Main etiology

Decompensated 
heart failure

Acute on 
chronic

Dilated cardiomyopathy
Chronic ischemic heart 
disease
Severe left-sided 
valvulopathya

Acute heart 
failure

Acute Acute (extended/complicated) 
myocardial infarction
Acute/fulminant myocarditits
Severe myocardial contusion
Severe intoxication with 
cardiac depressant drugs

Sepsis Acute Septic shockb

Table 10.1 Common causes of left ventricular systolic 
dysfunction in the intensive care unit patient with circulatory 
failure and associated echocardiographic findings

aWith the exception of severe mitral stenosis
bIn this case, left ventricular filling pressure is not necessarily 
elevated

Yes

Acute circulatory failure and
pulmonary venous congestion
(elevated LV filling pressures)

No

LV systolic dysfunction?

LV volume
overload

Cardiogenic
shock

• Extensive (anterior) AMI

• Mechanical complications

• Small AMI on previously
  compromised LV function

Acute myocardial infarction (AMI)?

NoYes

• Non ischemic
  cardiomyopathy

• Fulminant myocarditis

• Myocardial contusion,
  intoxication by cardiac
  depressant drugs etc.

• Acute (severe) valvular
  regurgitation

• Valvular prosthesis dysfunction

• Volume overload (renal failure)

fig. 10.3 Diagnostic algorithm 
proposed for assessing acute 
circulatory failure associated with 
pulmonary venous congestion, i.e., 
elevated left ventricular (LV) filling 
pressures. Acute myocardial 
infarction is the most frequent 
cause of cardiogenic shock. 
Mechanical complications refer to 
LV wall or papillary muscle 
rupture. LV volume overload is less 
common and mainly related to 
acute valvular diseases. 
Abbreviation: AMI, acute 
myocardial infarction
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abnormalities is consistent with an acute myocardial 
infarction, an acute fulminant myocarditis, or it may 
reflect a severe myocardial contusion after a blunt chest 
trauma. LV systolic dysfunction associated with septic 
shock is usually characterized by an anatomically nor-
mal ventricle and low to normal filling pressures.

Right ventricular (RV) systolic function is more dif-
ficult to quantify precisely than LV systolic dysfunction 
(see Chap. 13). In most situations in which a failing RV 
is responsible for shock, its cavity is (markedly) dilated. 
RV sensitivity to abrupt variations in afterload may 
exacerbate systolic dysfunction, especially in ventilated 
patients with respiratory compromise and increased pul-
monary vascular resistance (see Chap. 17). The pres-
ence of an associated paradoxical septal motion suggests 
an RV systolic overload [25]. Biventricular failure fre-
quently requires inotropic support, whereas prominent 
RV systolic dysfunction may be improved by vasopres-
sor therapy aimed at restoring an adequate level of coro-
nary artery perfusion pressure [8]. In addition, protective 
ventilator settings should be considered to avoid exces-
sive plateau pressure in ventilated patients with an over-
loaded RV (see Chap. 17).

When both significant hypovolemia and cardiac 
pump failure have been excluded by echocardiogra-
phy, vasopressor therapy needs to be considered. In 
the absence of clinical improvement, LV systolic 
function should be reassessed echocardiographically. 
In septic patients, increasing systemic vascular resis-
tance may reveal the underlying myocardial dysfunc-
tion, and the increase in LV afterload may be poorly 
tolerated [26, 27].

Finally, Doppler echocardiography allows the diag-
nosis of uncommon acute conditions that may result in 
circulatory failure (e.g., dynamic LV outflow tract 
obstruction, acute valvular regurgitation) and remain 
inaccessible to blind monitoring systems.

10.4.3  acute Circulatory failure with 
pulmonary venous Congestion

Acute circulatory failure in conjunction with signs of 
pulmonary venous congestion (pulmonary edema) 
indicates the presence of a prominent LV failure. 
Cardiogenic shock is the most severe clinical presen-
tation (see Chap. 12). The leading cause of cardio-
genic shock is LV systolic dysfunction secondary to 
extended acute myocardial infarction. Hemodynamic 
confirmation relies on the presence of sustained 

hypotension with adequate or elevated LV filling pres-
sures and reduced cardiac output [28]. Recent guide-
lines recommend that objective documentation of 
cardiac dysfunction related to acute heart failure has 
to be obtained by echocardiography [29]. First, two-
dimensional echocardiography allows the identifica-
tion of low-flow states related to severe LV systolic 
dysfunction. Second, Doppler examination confirms 
the presence of typically elevated LV filling pressures 
(see Chap. 16). Third, echocardiography provides 
exceptional information regarding the causal cardio-
myopathy: LV remodeling and regional wall-motion 
abnormalities consistent with ischemic heart disease, 
mechanical complications of acute myocardial infarc-
tion (see Chap. 12), or noncoronary cardiac diseases, 
such as severe cardiomyopathies, extended myocar-
dial contusion, fulminant myocarditis, or massive 
intoxication by cardiac depressant drugs [30, 31].

The presence of a preserved LV systolic function 
but elevated filling pressures suggests that an acute LV 
volume overload could be the origin of the circulatory 
failure (Fig. 10.3). The absence of dilatation of left 
cardiac cavities and relatively low levels of pulmonary 
hypertension are usually consistent with an acute con-
dition [30]. Interestingly, echocardiography may 
clearly depict the cause of acute LV volume overload 
(e.g., acute endocarditis, ruptured papillary muscle or 
mitral chordae, valvular prosthesis dysfunction) and 

Acute circulatory failure and
systemic venous congestion

(elevated RV filling pressures)

RV dysfunction / dilatation

Cardiac tamponade*

Relevant pulmonary hypertension?

No Yes**

Acute RV infarction • Massive pulmonary
  embolism
• ARDS

• Decompensated
  biventricular
  dysfunction (end-stage
  cardiomyopathy)
• Decompensated
  chronic cor pulmonale

fig. 10.4 Diagnostic algorithm proposed for assessing an acute 
circulatory failure with systemic venous congestion, i.e., ele-
vated right ventricular (RV) filling pressures. With the exception 
of cardiac tamponade, the RV is typically dilated in this clinical 
scenario. RV failure may be precipitated by increased pulmo-
nary vascular resistance, regardless of its origin. *: Cardiac tam-
ponade is usually diagnosed immediately; **: provided that the 
RV can generate a substantial systolic pressure. Abbreviation: 
ARDS, acute respiratory distress syndrome
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confirm its severity (see Chaps. 12 and 16). Iatrogenic 
volume overload is predominantly encountered in anu-
ric patients with renal failure.

10.4.4  acute Circulatory failure with 
systemic venous Congestion

Acute circulatory failure in conjunction with signs of 
systemic venous congestion indicates the presence of 
a prominent RV failure, or it may reflect a main-
stream obstruction of blood flow (e.g., cardiac tam-
ponade, massive pulmonary embolism). Concomitant 
RV and LV systolic dysfunction associated with 
biventricular dilatation is usually consistent with a 

long-standing cardiomyopathy [32]. Patients with 
right-heart failure typically present with acute-onset 
dyspnea at rest, physical signs of peripheral conges-
tion, and clear lung fields [29]. In this clinical set-
ting, echocardiography helps identify the severity 
and origin of RV failure and promptly allows an 
alternative diagnosis of cardiac tamponade to be 
made (see Chap. 14).

In a hypotensive patient who presents with an 
acute coronary syndrome, a dilated RV with marked 
systolic dysfunction, but no relevant pulmonary 
hypertension, may be attributed to an RV infarction 
(Fig. 10.4). RV systolic pressure is not increased, as 
reflected by a low peak tricuspid regurgitant velocity, 
and associated regional wall-motion abnormality in 
the LV inferior wall is frequently observed [33]. In 

LV

Ao

Baseline

Fluid challenge

500 mL

Stroke volume: 38 mL

Stroke volume: 65 mL

fig. 10.5 Monitoring of a fluid challenge using transesopha-
geal echocardiography. Real-time iterative measurements of 
left ventricular stroke volume during volume repletion allow 
a close tracking of cardiac response to fluid therapy. Prior to 
the fluid challenge, measurement of both the left ventricular 
outflow tract diameter (upper left, yellow double-headed 
arrow) and velocity-time integral of Doppler velocity profile 

(lower left, yellow line) allows for determination of stroke 
volume. After blood volume expansion, the velocity-time 
integral of the aortic Doppler pattern is solely measured since 
the surface of the aortic annulus is considered to remain con-
stant (right panel, yellow line). In this patient, left ventricular 
stroke volume increased from 38 to 65 mL after the rapid 
infusion of 500 mL of colloids
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the setting of increased RV output afterload, the con-
junction of significant RV dilatation and paradoxical 
septal motion is suggestive of acute cor pulmonale 
[25, 34]. RV afterloading is usually reflected by pul-
monary hypertension, provided that RV systolic func-
tion can still generate a substantial systolic pressure 
[35]. In this clinical  setting, the identification of an 
embolus-in-transit within right cardiac cavities or the 
documentation of an entrapped embolus in the proxi-
mal pulmonary artery is pathognomonic of massive 
pulmonary embolism (see Chap. 13). Although TEE 
has a greater diagnostic accuracy than TTE, it should 
be performed only in patients who are already venti-
lated since esophageal intubation may abruptly dete-
riorate the condition of spontaneously breathing, 

unstable patients. Importantly, acute cor pulmonale is 
consistent with massive pulmonary embolism, but it 
may also be observed in up to 25% of patients with 
acute respiratory distress syndrome [34].

Exacerbation of chronic heart disease or chronic 
pulmonary hypertension can also lead to a circulatory 
failure with systemic venous congestion. In these 
patients, marked RV free-wall hypertrophy (10 mm 
or more) in conjunction with a dilated RV cavity is 
consistent with chronic cor pulmonale [25]. Severe 
pulmonary hypertension is usually present. Finally, 
RV volume overload secondary to an atrial septal 
defect or an organic tricuspid insufficiency (e.g., flail 
tricuspid leaflet, endocarditis) may contribute to RV 
failure.

LVSV LVEDP

38 mL

69 mL

65 mL

LVEDV
Abnormal
relaxation

Normalized
profile

Restriction
to filling

E

A

E

E

A

A

fig. 10.6 Assessment of the efficacy (stroke volume) and tol-
erance (left ventricular filling pressures) of blood volume 
expansion using Doppler echocardiography. With serial 
echocar -diographic hemodynamic assessments, one can men-
tally construct the systolic function curve and the diastolic 
pressure-volume curve of the left ventricle. In this patient,  
the first fluid challenge resulted in a substantial increase in 
left ventricular stroke volume (LVSV; 38–65 mL), whereas 

the second blood volume expansion was unsuccessful  
(65–69 mL). The mitral Doppler velocity profile grossly 
reflects both left ventricular diastolic properties and filling 
pressures; the progressive alteration from “Abnormal relax-
ation” to “Restriction to filling” is consistent with a gradual 
increase in left cardiac pressures. Abbreviations: LVEDV, left 
ventricular end-diastolic volume; LVEDP, left ventricular 
end-diastolic pressure
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10.5  monitoring efficacy and safety  
of Acute Therapy

The therapeutic impact of echocardiography – defined as 
changes in therapy directly related to the procedure – is 
consistently high in critically ill patients assessed for 
acute circulatory failure [2, 7, 9]. In addition to its diag-
nostic capabilities, echocardiography provides real-time 
monitoring of both the efficacy and tolerance of therapeu-
tic interventions derived from the noninvasive compre-
hensive hemodynamic assessment. Echocar diography 
allows precise quantification of the variations in LV stroke 
volume induced by a fluid challenge (Fig. 10.5) and can 
indirectly track variations in LV filling pressures 
(Fig. 10.6). When the circulatory failure persists despite 
the initiation of a vasopressor or inotropic support, a 
repeated examination may help identify the cause of 
treatment failure: development of LV failure secondary to 
increased systemic vascular resistance, dynamic LV out-
flow tract obstruction revealed or exacerbated by exces-
sive inotropic stimulation, adrenergic-induced extended 
LV wall-motion abnormality. Echocardiography can  
also detect the deleterious consequences of aggressive 
ventilator settings in patients with severely decreased 
lung compliance and failing RV (see Chap. 17).

10.6  conclusion

Echocardiography has opened a window to the heart and 
great vessels. In patients with acute circulatory failure, 
echocardiography allows swift diagnosis of the leading 
mechanism of shock and provides a real-time visual 
assessment of both the efficacy and tolerance of acute 
therapy. In directly depicting the effects of drugs or assis-
tance devices, including the central circulatory effects of 
mechanical ventilation, echocardiography is ideally 
suited for assessing acute circulatory failure in critically 
ill patients, especially in the ICU environment.
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