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Editorial

Haemodynamic monitoring in circulatory shock — in a nutshell

Circulatory shock is a life-threatening condition characterised
by inadequate tissue perfusion and cellular oxygen utilisation
[1,2]. In patients with circulatory shock, haemodynamic monitor-
ing is pivotal to diagnose the type of shock, start initial
resuscitation, and guide haemodynamic optimisation. In this short
review, we aim to provide practical guidance on how to use
haemodynamic monitoring in patients with circulatory shock.

One-third of the patients admitted to intensive care units have
circulatory shock [3]. Recognising clinical signs of circulatory
shock is key to not delay haemodynamic resuscitation. Clinical
signs of circulatory shock include low blood pressure, mottled
clammy skin, altered mentation, and oliguria [4]. Besides physical
examination and measurement of lactate, the initial haemodyna-
mic assessment of patients with circulatory shock should include
bedside transthoracic echocardiography [2]. Transthoracic echo-
cardiography provides essential information on cardiac anatomy
and function to diagnose the type of circulatory shock (cardiogenic,
hypovolaemic, distributive, or obstructive shock – or a combina-
tion) [1,5]. Transthoracic echocardiography is non-invasive, readily
available, and can be performed at the bedside. However, it is
operator-dependent and only allows intermittent serial assess-
ments, but no continuous haemodynamic monitoring.

Initial management of patients with circulatory shock also
includes insertion of an arterial catheter – for continuous blood
pressure measurement and arterial blood gas analysis – and of a
central venous catheter – for administration of vasopressors and
inotropes and to measure central venous oxygen saturation and
central venous pressure. Large peripheral intravenous catheters
allow rapid fluid administration.

Depending on the type of circulatory shock, initial haemody-
namic resuscitation combines fluids, vasoactive agents, and
inotropes. The patient’s clinical and haemodynamic response to
initial resuscitation should be re-assessed frequently. If the patient

echocardiography. Nonetheless, the haemodynamic status should
still be frequently re-assessed. If the patient does not respond to
initial haemodynamic resuscitation (or the type of circulatory
shock cannot be clearly identified), advanced haemodynamic
monitoring is indicated (Fig. 1).

Different advanced haemodynamic monitoring methods are
available to monitor cardiac output and additional haemodynamic
variables reflecting cardiac function and intravascular fluid status.
Commonly used methods include pulmonary artery and trans-
pulmonary thermodilution as well as pulse wave analysis (lithium
dilution and oesophageal Doppler are less frequently used and thus
not covered in this short review). The severity and complexity of
shock as well as comorbidities need to be considered when
choosing the optimal haemodynamic monitoring method for the
individual patient [6].

In patients with circulatory shock and right ventricular
dysfunction or pulmonary hypertension, right heart catheterisa-
tion with a pulmonary artery – or Swan-Ganz – catheter provides
valuable information on cardiac output, cardiac filling pressures, as
well as systemic and pulmonary vascular resistances [6]. Pulmo-
nary artery catheters allow measuring cardiac output using
pulmonary artery thermodilution [7,8]. Pulmonary artery ther-
modilution can be performed intermittently using manual
injection of cold indicator fluid or semi-continuously using a
catheter equipped with a thermal filament automatically heating
up in random sequences [7–9]. With both methods, cardiac output
is calculated considering blood temperature changes downstream
in the pulmonary artery. Pulmonary artery thermodilution is
considered the clinical reference method for cardiac output
monitoring [10]. In addition to cardiac output, pulmonary artery
catheterisation allows measurement of mixed venous oxygen
saturation and cardiac filling pressures – the latter being valuable
for the diagnosis and treatment of right ventricular dysfunction or
pulmonary hypertension [7,8]. Pulmonary artery catheterisation is
safe when routinely performed by trained specialists [10]. Inter-
preting pulmonary artery catheter-derived haemodynamic varia-
bles also requires training and experience.

In patients with circulatory shock and acute respiratory distress
syndrome, transpulmonary thermodilution provides valuable
information on cardiac output and pulmonary hydration [6]. Trans-
pulmonary thermodilution requires a central venous catheter and
a thermistor-equipped arterial catheter in a central artery, usually
the abdominal aorta via the femoral artery [11]. A defined amount
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responds to initial haemodynamic resuscitation, there is not
necessarily an indication for advanced haemodynamic monitoring
in addition to invasive blood pressure monitoring and bedside
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of a thermal indicator solution – i.e., cold saline – is injected
through the central venous catheter and subsequently passes
through the right heart, lung, left heart, and aorta [11]. In the aorta,
by Elsevier Masson SAS. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.accpm.2021.101003&domain=pdf
https://doi.org/10.1016/j.accpm.2021.101003
http://www.sciencedirect.com/science/journal/00000000
www.elsevier.com
https://doi.org/10.1016/j.accpm.2021.101003


d
t
m
s
c
o
[
o
p
w
t
p
w
[

d
c
c
w
c
e
a
c
p
c
e
b

M. Flick, K. Kouz, M.S. Chew et al. Anaesth Crit Care Pain Med 41 (2022) 101003
ownstream changes in blood temperature are measured with the
hermistor-tipped arterial catheter [11]. The cardiac output

easurement performance of transpulmonary thermodilution is
imilar to that of pulmonary artery thermodilution [12]. Besides
ardiac output, transpulmonary thermodilution allows calculation
f extravascular lung water and pulmonary vascular permeability
11]. Extravascular lung water quantifies pulmonary hydration
utside the pulmonary vasculature [13]. Pulmonary vascular
ermeability distinguishes whether increased extravascular lung
ater results from hydrostatic pulmonary oedema or inflamma-

ion [14]. Extravascular lung water and pulmonary vascular
ermeability may be useful to guide fluid therapy in patients
ith circulatory shock and acute respiratory distress syndrome

13].
To monitor short-term cardiac output changes in real-time, e.g.,

uring functional tests of fluid responsiveness, pulse wave analysis
an be used [6]. Pulse wave analysis only requires an arterial
atheter – and is thus considered ‘‘minimally invasive’’ [6]. Pulse
ave analysis is based on ventriculo-arterial coupling and analyses

haracteristics of the blood pressure waveform to continuously
stimate stroke volume and cardiac output [15,16]. Pulse wave

allow calibration to external reference cardiac output values.
Alterations and rapid changes in vasomotor tone limit the
reliability of pulse wave analysis [17]. Therefore, absolute pulse
wave analysis cardiac output measurements should be interpreted
with caution in patients with circulatory shock [18]. In addition to
cardiac output, pulse wave analysis allows calculation of pulse
pressure variation and stroke volume variation. These dynamic
preload variables can predict fluid responsiveness in mechanically
ventilated patients with sinus rhythm [19]. To have good
predictive capabilities regarding fluid responsiveness, pulse
pressure variation and stroke volume variation require high tidal
volumes and driving pressure, both of which are usually avoided
during lung-protective ventilation [20]. Pulse pressure variation
and stroke volume variation, therefore, can be used only in a small
fraction of patients treated in intensive care units [21,22].

In recent years, numerous methods for continuous non-
invasive cardiac output monitoring have been proposed –
including finger-cuff methods, bio-impedance and bio-reactance,
and pulse wave transit time. Practical limitations causing
insufficient measurement performance preclude the use of these
methods in patients with circulatory shock [2,23].

Fig. 1. Haemodynamic monitoring in patients with circulatory shock.
nalysis methods are classified into uncalibrated, internally
alibrated, and externally calibrated systems [15,16]. Uncalibrated
ulse wave analysis systems estimate stroke volume solely
onsidering blood pressure waveform features. Internally calibrat-
d pulse wave analysis additionally considers demographic and
iometric data. Externally calibrated pulse wave analysis systems
2

Haemodynamic monitoring and management of circulatory
shock patients focus on systemic haemodynamics or ‘‘the macro-
circulation’’ – including blood pressure and cardiac output. A main
problem in circulatory shock, however, is impairment of micro-
circulatory perfusion and oxygen utilisation. Handheld vital
microscopy allows direct visualisation of microcirculatory tissue
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perfusion; its value in the diagnosis and treatment of circulatory
shock is subject of ongoing research [24]. Consequently, bedside
vital microscopy is not yet part of clinical routine [25].

In summary, haemodynamic monitoring is of utmost impor-
tance to diagnose the type of shock and guide therapy in patients
with circulatory shock. To diagnose the type of shock transthoracic
echocardiography is essential. Patients responding to initial
resuscitation do not necessarily require advanced haemodynamic
monitoring on top of invasive blood pressure monitoring and
echocardiography. Patients not responding to initial resuscitation
have an indication for advanced haemodynamic monitoring to
guide further therapeutic interventions. Haemodynamic monitor-
ing alone will never improve patient outcome. To improve
outcome haemodynamic monitoring needs to be linked to specific
therapeutic interventions. From a physiological perspective,
advanced haemodynamic monitoring allows individually tailoring
therapy and optimising treatment. However, optimal treatment
strategies to improve tissue perfusion and oxygen delivery – and
eventually outcome – in patients with circulatory shock remain
elusive.
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