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Introduction
Ultrasound is considered to be the fifth pillar 
of the physical examination to provide and 
improve patient care (Narula et al. 2018). 
In critically ill patients, the limited time to 
make differential diagnoses and decisions 
in treatment are crucial for patient survival. 
Point of Care of Ultrasound (POCUS) can 
help with these needs in the intensive 
care unit (ICU) by reaching an accurate 
diagnosis and providing adequate manage-
ment, resulting in a valuable diagnostic 
tool (Díaz-Gómez et al. 2021; Lau and See 
2022). Furthermore, POCUS applications 
have been gaining strength and evidence in 
respiratory care and physical rehabilitation. 
The use of this tool seems to be setting itself 
as a powerful ally for physical therapists 
treating critically ill patients.
 The main ultrasonographic evaluations 
that will allow physiotherapists to improve 
their evaluation and attention in the critical 
patient are described below through the 
mnemonic “PHISIO” (Figures 1-2).

P = Pulmonary
Pulmonary ultrasound is currently feasible 
for the diagnosis of respiratory failure 
through the BLUE (Bedside Lung Ultrasound 
in Emergency) protocol (Leidi et al. 2020; 
Lichtenstein et al. 2004). However, it is 
useful for the physiotherapist to identify 
different types of ultrasound profiles to 
guide chest physiotherapy and in-depth 
respiratory monitoring (Lichtenstein et al. 
2004; Le Neindre et al. 2016). According 
to the ultrasound profile presented by the 
patient, the physiotherapist can guide and 

apply different care strategies or treatments. 
For example, in the case of B-lines, non-
invasive mechanical ventilation (NIV), 
PEP devices and active early mobilisation 
including verticalisation through sitting and 
standing can be applied. The goal would 
be to improve aeration and pulmonary 
ventilation through devices, positioning or 
exercise (Le Neindre et al. 2016; Hickmann 
et al. 2021). It is important to mention 
that in the case of pulmonary coalescence 
and subpleural consolidations, precautions 
should be taken into account by the reha-
bilitation staff. Early mobilisation (EM) or 
rehabilitation protocols in the ICU need 
to ensure the cause of respiratory failure 
has been stabilised to be safe. Pulmonary 
oedema or an infectious process can be 
monitored with ultrasound allowing us to 
observe changes over time and deciding 
the correct timing in the initiation of an 
early mobilisation programme (Le Neindre 
et al. 2016). 
 A common finding in critically ill 
patients can be the presence of pulmonary 
consolidations and will suggest pneumonia 
(dynamic air bronchogram) accompanied 
by clinical criteria, or atelectasis (static air 
bronchogram) (Lichtenstein et al. 2009; 
Sartori and Tombesi 2010). In the case of 
pneumonia, the effect of the antibiotic must 
be assessed and airway clearance techniques 
may be considered. On the other hand, 
when facing atelectasis, bronchial hygiene 
techniques such as those that favour peak 
expiratory flow (Marti et al. 2013; Amaral 
et al. 2020), manual or mechanical hyper-
inflation (Paulus et al. 2012; Assmann et 

An overview of the main ultrasonographic tools that allow physiotherapists to 
improve their evaluation in the critical patient, described through the
mnemonic PHISIO.
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al. 2016; Tucci et al. 2019), PEP devices, 
positioning in different decubitus, cough 
assistance and verticalisation (Le Neindre 
et al. 2016; Westerdahl et al. 2005; Volpe 
et al. 2018; Gates et al. 2021) can be some 
tools that may help the resolution of such 
problems. Also, pleural effusions, empyema 
and haemothorax can be identified faster 
through ultrasound compared to x-ray (Soni 
et al. 2015; Walsh et al. 2021). This allows 
early interventions such as pleural drainage 
accompanied by breathing exercises with 
PEP devices (Dos Santos et al. 2020) that 
improve ventilation and lung function, as 
well as prevent diaphragmatic dyskinesia 
(Le Neindre et al. 2016; Leech et al. 2015; 
Valenza-Demet et al. 2014). NIV should 
be applied with caution as it may limit 
lymphatic drainage and consequently pleural 
drainage. The use of conventional oxygen 
therapy devices or high-flow oxygenation 

therapy combined with active exercise and 
inspiratory muscle training (IMT) is prefer-
able for pleural drainage due to the negative 
pressure generated (Walden et al. 2013). 
 Finally, the overall Lung Ultrasound 
Score (LUS) of >17 points allows us to 
determine the failure in the Spontaneous 
Breathing Trial (SBT) during the weaning 
process. Similarly, >6 B lines in anterolat-
eral fields, may indicate weaning-induced 
pulmonary oedema (WIPO) (Santangelo 
et al. 2022). It is important to consider 
previous pulmonary pathologies and the 
evaluation of echocardiography for this 
matter.

H = Heart
The evaluation of the haemodynamic status 
of the critical patient through ultrasound 
has become a routine practice to determine 
clinical stability (Santangelo et al. 2022; 

Kashani et al. 2022). Echocardiography 
may be performed before and after early 
mobilisation in specific conditions, as 
well as during the weaning of mechanical 
ventilation. The basic and advanced Focus 
Assessed Transthoracic Echo (FATE) aims 
at cardiopulmonary monitoring, ensur-
ing safety before rehabilitation and for 
successful extubation (Kashani et al. 2022; 
Vieillard-Baron et al. 2019; Nagre 2019; 
Leidi et al. 2020). 
 It is important to mention that qualita-
tive visual evaluation is one of the great 
competencies to be developed for the rapid 
detection of cardiac alterations, before 
carrying out specific measurements. The 
evaluation of the four cardiac chambers 
in any view allows for determining the 
shape, size and movement of the ventricles, 
atriums and septum. A right ventricle (RV) 
dilation can be caused by volume overload 

Figure 1.  The usefulness of the different PHISIO evaluations through POCUS 
EM = Early mobilisation; IMT = Inspiratory muscle training; ES = Electrical stimulation



IMAGING THE CRITICALLY ILL IMAGING THE CRITICALLY ILL

ICU Management & Practice 5 - 2022

241

and delayed MV weaning (Denault et al. 
2018). Other causes are acute pulmonary 
embolism (PE) which contraindicates EM in 
these acute phases.  In this case, if dilation 
is enough to compress the left ventricle, 
D-sing appears in systole and diastole, among 
other signs such as non-compressible lower 
limb veins (Falster et al. 2022; Dabbouseh 
et al. 2019). This must be accompanied by 
clinical criteria: tachycardia, desaturation, 
respiratory distress, hypotension and there 
may be an elevation of the D-dimer. Atrial 
dilation may be suggestive of diastolic 
dysfunction and consequently failure to 
weaning. Pericardial evaluation is useful 
for the physiotherapist as moderate-severe 
pericardial effusion could contraindicate 
EM if it's accompanied by haemodynamic 
instability (Picano et al. 2018). In addition 
to the heart chambers, visualisation of large 
vessels such as the inferior vena cava (IVC) 
can be helpful to identify hypovolaemia on 
its collapse and dilation in fluid overload.
 The systolic and diastolic functions 
can be assessed in a more specific and 
advanced way. Some examples are LV frac-
tion shortening (LVFS), mitral annulus 
and tricuspid plane systolic excursion 
(MAPSE and TAPSE), among others (Lang 
et al. 2015; Hernandez-Suarez et al. 2019; 
Shah et al. 2019). They are complementary 
and useful haemodynamic measurements 
in shock. During the SBT an evaluation 
of the LV ejection fraction (LVEF) <40%, 
transmitral flow and tissue Doppler with 
their respective measurements: E/A ratio 
>2 and E/é >13 may indicate failed wean-
ing (Santangelo et al. 2022; Vetrugno et al. 
2020; Roche-Campo et al. 2019; Suárez et 
al. 2016). These measurements also allow 
us to obtain a more specific vision of the 
heart and its relationship with clinical 
stability during physiotherapist interven-
tions. However, they require more training 
and studies supporting echocardiography 
in patients undergoing a rehabilitation 
programme in the ICU. 

I = Intracranial Pressure
One of the few contraindications for early 
mobilisation and other physiotherapeutic 
interventions is elevated intracranial pressure 
(ICP), >20mmHg (Hernandez et al. 2021; 

Kumar et al. 2020; Oklowski and Shah 2017; 
Martínez et al. 2021). The gold standard 
for ICP measurement is the intraventricular 
catheter; however, it has some limitations 
(Nag et al. 2019; Hawryluk et al. 2022). A 
feasible alternative for neuromonitoring is 
measuring the diameter of the optic nerve 
sheath (ONSD) and the determination of 
the pulsatility index (PI) of the middle 
cerebral artery (MCA) through ultrasound 
(Chacko 2014; Robba et al. 2019). 
 A >5mm ONSD indicates ICP >20mmHg. 
This measurement is performed in a bilat-
eral transorbital window without excessive 
pressure, avoiding damage or triggering a 
vagal stimulus (Cannata et al. 2022; Stead et 
al. 2021; Raffiz and Abdullah 2017; Aduayi 
et al. 2015). The evaluation of cerebral 
blood flow (CBF) can be performed by 
the sonogram and the PI. Colour Doppler 
and pulsed modes in the transtemporal 
window are required to find and display 
the MCA at midbrain zones (Robba et al. 
2019; Lau and Arntfield 2017). Once the 
sonogram is obtained, its morphology 
and PI are evaluated to determine cerebral 
vascular resistance and CBF alterations. A 
PI 0.6-1.1 is considered normal, higher 
(>1.1) or lower (<0.6) values indicate 
elevated ICP and hyperaemia respectively 
(Álvarez-Fernández et al. 2009). Comple-
menting these evaluations, the Lindergaar 
index can be performed with an index >3 
indicating vasospasm (Hernandez et al. 
2021; Robba and Taccone 2019; Robba 
et al. 2019). 
 Neuromonitoring with POCUS can 
be performed in any critical patient since  
neuroprotection is needed in any critical 
scenario, especially to identify the cause of a 
deterioration of the acute neurological state.
 
S = Shock
One of the main competencies that have 
to be developed is the identification of 
shock in critically ill patients. There are 
clinical findings that allow us to identify 
a patient in shock. However, sometimes 
determining the cause is difficult with 
conventional physical examination alone 
(Gonzalez et al. 2020a). POCUS allows us 
to distinguish the cause of the state of shock 
in the presence of haemodynamic deterio-

ration and consequently an intervention 
plan (Schmidt et al. 2012; Zieleskiewicz 
et al.2021; Gonzalez et al. 2020b). Some 
findings are tachycardia, delayed capil-
lary filling, mottled skin, oliguria or any 
other clinical data of tissue hypoperfusion, 
considering that hypotension by itself is 
not synonymous with shock, but is the 
most common delayed manifestation 
(Corradi et al. 2020). There are different 
protocols such as RUSH and FALLS that 
can be applied in our daily practice (Leidi 
et al. 2020; Ávila-Reyes et al. 2021; Paul 
and Panzer 2021). 
 In addition, seeking free fluid in the 
context of trauma may indicate haemorrhage 
with hypovolaemic shock (Mok 2016). In 
patients with thoracic trauma, the identi-
fication of haemothorax, pneumothorax 
and cardiac tamponade are essential. The 
FAST-E protocol allows the identification of 
the main problems with abdominal, pelvic 
and thoracic trauma (Desai and Harris 
2018). The other causes of shock such as 
infection, pulmonary thromboembolism 
and cardiac disorders will be mentioned 
in other sections.
 Patient safety assessment for early 
mobilisation initiation should go beyond 
a checklist. POCUS provides safety in all 
physical therapy interventions, as well as 
identifying potentially lethal complications. 

I = Inspiratory and Peripheral 
Muscles
Muscle wasting is one of the main complica-
tions that occur in critical patients. This is 
due to many factors, such as immobilisa-
tion, MV, and drugs (Martínez et al. 2021; 
Umbrello and Formenti 2016). In the case 
of the diaphragm, diaphragmatic dysfunc-
tion (DD) may occur and consequently 
increase the risk of delaying or failing in the 
weaning process (Goligher et al. 2019). The 
physiotherapist can perform diaphragmatic 
ultrasound (DUS), through diaphragmatic 
excursion (DE) and diaphragmatic thicken-
ing fraction (DTF) (Tuinman et al. 2020). 
During SBT, cut-off points >2 cm and 
30-36% respectively are considered for 
successful weaning. Lower measurements 
are considered DD (Haaksma et al. 2022), 
while no movement indicates diaphrag-
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matic paralysis. When the physiotherapist 
encounters these alterations and difficult 
weaning, he can use interventions such as 
IMT with linear loading devices and EM 
(Le Neindre et al. 2016; Haaksma et al. 
2022). In this case, the DUS will become 
the functional-muscular monitoring in 
response to treatment.
 Another frequent muscle complication 
is ICU-acquired weakness (ICU-AW), pres-
ent in 32% to 80% of critically ill patients 
(Wang et al. 2020). This makes it susceptible 

to worse clinical outcomes (Goligher et 
al. 2019). There are different methods to 
assess muscle strength and status in the 
ICU. Muscle ultrasound (MUS) is one of 
them with the advantage of being applied 
from early stages and in non-cooperative 
patients. Some measurements are muscle 
thickness (MTh), the cross-sectional area 
of the rectus femoris (CSA), penation 
angle (PA), echogenicity employing the 
Heckmatt scale and greyscale analysis by 
histogram (Formenti et al. 2019). These 

measurements can be performed routinely 
during the critical patient's stay. A 20% and 
10% decrease in MTh and CSA, respec-
tively, indicates significant muscle loss and 
probable ICU-AW. In addition, the MUS 
allows optimising monitorisation such as 
nutritional contribution.

O = Overload
Fluid infusion is a common practice in the 
ICU around the world for early-stage resus-
citation. However, it has been described that 

Figure 2. Algorithm: Physiotherapy evaluation with POCUS

Admission of the patient to the 
ICU

Neurocritical patient or with recent 
neurological impairment?

Does the patient have clinical signs of 
hypoperfusion?

Clinical and imagging signs of cardiac 
dysfunction?
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ventilation?
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• Search for free liquid in cavities by 

FAST and FAST-E protocol
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(absence of pleural sliding and 
barcode sign)
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Lung monitoring every 24 
hours

Physiotherapeutic approach 
based on functional 
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• Diaphragmatic thickening 
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• Check for other causes of risk of 
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fluid overload generates complications in 
critical patients and even increased mortal-
ity (Perez-Nieto et al. 2021). Within fluid 
therapy, four phases have been described 
to guide the objectives (ROSE): resus-
citation, optimisation, stabilisation and 
evacuation (Malbrain et al. 2022). While 
the physiotherapist does not direct fluid 
resuscitation, difficulties can be encountered 
in the progression of patient functionality 
due to poor fluid management and fluid 
overload (Perez-Neito et al. 2021). 
 Irrational fluid use may increase the 
severity of critical patient respiratory involve-
ment, even in those with MV (Ogbu et 
al. 2015). Among the main respiratory 
complications are pulmonary oedema, 
pleural effusion, alteration of pulmonary 
compliance, reduction of the PaO

2
/FiO

2 

ratio, increase MV days and difficult wean-
ing. Moreover, the presence of pulmonary B 
lines suggests pulmonary oedema; however, 
fluid overload is not the only cause. A 
targeted evaluation should be done to rule 
out other causes such as heart failure with 
LV alterations, inflammatory process (e.g., 
ARDS) or WIPO. Visualisation of ICV is a 
good start to differentiate between these 
possible causes: a dilation or diameter >2 
cm indicates volume overload (Argaiz et 
al. 2021). The complementary evaluation 
of venous congestion by Venous Excess 
Ultrasound Score (VEXUS) can be useful. 
VEXUS protocol evaluates the flow of the 
hepatic, portal vein and intra-renal veins 
to identify such congestion (Rola et al. 
2021; Galindo et al. 2021). 
 In the context of physiotherapy and 

respiratory progression, the presence of 
pulmonary B lines dilated IVC with a collapse 
index <50% or altered VEXUS suggests 
fluid overload (Argaiz et al. 2021; Galindo 
et al. 2021). Volume clearance should be 
considered to see if there would be an 
improvement in ventilatory parameters, 
the use of diuretics or haemodialysis in 
case of renal injury may be alternative in 
the treatment (Beaubien-Souligny et al. 
2020). 
 Although human beings are formed 
mostly by water, this does not mean that 
it can’t harm the critically ill. Everything 
can be harmful with an inadequate dose; 
fluid therapy is no exception.
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