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Pulmonary Embolism (PE) is a reason for admission to the Intensive Care

Unit (ICU) and this complication in hospitalised patients is associated with

high morbidity and mortality. The identification and management of PE is a

challenge for doctors.

Introduction

Pulmonary Embolism (PE) is the third
cardiovascular cause of death since its clini-
cal expressions in critical patients may go
unnoticed or present themselves as sudden
respiratory arrest or failure, which could lead
to death. The approach in the ICU is focused
on timely identification, haemodynamic and
respiratory support, and reperfusion therapy,
either with thrombolysis or thrombectomy
(Essien et al. 2019).

Epidemiology

PE affects 900,000 people per year in United
States and Europe, out of which 100,000 die
(Torres and Haut 2020). Its incidence has
arange of 70 to 183 per 100,000 people
per year (Essien et al. 2019; Ashrani and
Heit 2008; Spencer et al. 2006). From 10
to 30% of these patients die within 30 days
and 25% are expressed as sudden death
(White 2003). The patients’ quality of
life is reduced when complications such
as post-thrombotic syndrome and chronic
pulmonary hypertension appear. PE is seen
more frequently in patients of >40 years.
Between 25 and 50% of cases do not have
a clear aetiology, 20% are associated with
a recent surgery and between 15 and 25%
are associated with cancer. Factors associ-
ated mainly with mortality are old age,
cancer, and previous heart or pulmonary
diseases, which happened 30 days after
a deep vein thrombosis (DVT) in 6% of

the patients and after a PE in 12% (White
2003). Patients with PE who are not treated
show a mortality of 25%, decreasing up to
1% in patients who received appropriate
treatment (Essien et al. 2019). Depending
on PE seriousness, patients with normal
blood pressure show a mortality of 2%,
30% in patients with right ventricular
failure, and 65% in patients who go into
cardiopulmonary arrest (White 2003).

PE has a mortality risk 18 times higher
in comparison with patients with equal
demographic conditions and those who do
not have the disease (Essien 2019).The main
factors of poor prognosis are presentation
with syncope, shock and hypotension, right
ventricular dysfunction, elevated troponins,
and B-type natriuretic peptide (Vacca and
Jehle 2013). Mortality is independent of the
thrombus location in the pulmonary vascu-
litis, being higher in proximal involvement
(10.7%) than in subsegmental involvement
(6.5%) (Den Exter et al. 2013).

Pathophysiology

The cause of venous thromboembolism
is multifactorial, commonly requiring a
predisposing risk factor (e.g., thrombophilia)
and/or a triggering one (e.g, surgery).
A prothrombotic and proinflammatory
aetiology in which coagulation factors
interrelate extensively with immune cells is
proposed (Khan et al. 2021).Venous throm-
bosis triggering mechanisms are related to
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Virchow's Triad, characterised by venous
stasis, vascular endothelial injury, and
hypercoagulability, favoured by hypoxia
and constant inflammation. Tissue damage
leads to the activation of von Willebrand
factor, E-selectin and P-selectin receptors.
Tissue factor (TF), erythrocytes, and leuko-
cytes bind to these receptors; this binding
causes activation of the direct coagulation
cascade, which is exacerbated by the action
of neutrophil extracellular traps (NETs).
NETs activate factor XII which initiates the
intrinsic coagulation pathway producing
factor X and thrombin. Finally, the thrombus
is formed which is composed of fibrin,
NETs, platelets, and red blood cells.

Right Ventricular Failure in PE

There are anatomical and functional differ-
ences between the right and left ventricles.
The right ventricle (RV) is part of the
pulmonary circulation, a system of low
pressures, with low vascular resistances and
greater distensibility compared to the left
ventricle (LV) and the systemic circulation.
When a thrombotic event occurs in the
pulmonary artery or arteries (Figure 1),
there is a large increase in RV afterload,
which is exacerbated by a vasoconstrictor
effect triggered by hypoxaemia and caused
by increased serotonin and thromboxane
(Weinstein et al. 2021). This results in a

reduction of RV stroke volume, which
limits antegrade blood flow and causes
dilatation of said cavity (Bryce et al. 2019).
RV dilatation causes displacement of the
interventricular septum in the direction of
the LV causing a reduction in its SV, which
in turn decreases cardiac output (CO) and
is accompanied by coronary hypoperfusion.
This phenomenon is known as ventricular
interdependence. The increase in transmural
pressure of the RV wall leads to occlusion
of its corresponding coronary arteries and

Figure 1. Massive pulmonary embolism with thrombi in
both proximal and distal pulmonary arteries and mobile
thrombus in the right atrium. Created by BioRender.com

generation of ischaemia (Mahmood 2018).
Another characteristic is tricuspid annular
dilation that causes tricuspid regurgitation
with reduced RV volume. In short, the
sum of these events results in reduced
cardiac output with reduced blood pres-
sure, increased coronary hypoperfusion
with obstructive shock and death.

High- and Intermediate-Risk PE
A diagnosed PE that does not cause RV
dysfunction is classified as mild or low-
risk PE, and these patients can usually be
managed on an outpatient basis. When PE is
accompanied by RV dysfunction indicated
by cardiac biomarkers and/or imaging
studies, it is classified as intermediate-risk
or submassive PE. If there is sustained
hypotension (systolic blood pressure <90
mmHg for >15 minutes or a decrease of
>40 mmHg) and clinical data of obstructive
shock or cardiac arrest, it is categorised as
high-risk or massive PE (Table 1). Massive
PE occurs in 5% of patients with a mortal-
ity of 18-65% of cases; on the other hand,
submassive PE occurs in 40% of patients
with a mortality of 5-25% (Bryce et al.
2019).The Pulmonary Embolism Severity
Index (PESI) and simplified PESI (s-PESI)
(Table 2) can also be used to categorise
PE into mild, intermediate, or high risk
(Konstantinides et al. 2019).

Indicators of risk

Early mortality risk

Haemodynamic
instability?

Clinical parameters
of PE severity and/
or comorbidity: PESI
class III-V or sPESI

=1

RV dysfunction
onTTE
or CTPAPY

Elevated cardiac troponin
levels®

Intermediate-high

Intermediate
Intermediate—low

Low

+e

4

+ +

One (or none) positive

Assessment optional; if
assessed, negative

Table 1. Classification of pulmonary embolism severity and the risk of early (in-hospital or 30 day) death (Konstantinides et al. 2019))
Abbreviations: BP = blood pressure; CTPA = computed tomography pulmonary angiography; H-FABP = heart-type fatty acid-binding protein; NT-proBNP = N-terminal pro B-type
natriuretic peptide; PE = pulmonary embolism; PESI = Pulmonary Embolism Severity Index; RV = right ventricular; sPESI = simplified Pulmonary Embolism Severity Index; TTE =

transthoracic echocardiogram.
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a One of the following clinical presentations: cardiac arrest, obstructive shock [systolic BP _90 mmHg despite an adequate filling status, in combination with end-organ hypoper-
fusion), or persistent hypotension (systolic BP _40 mmHg for >15 min, not caused by new-onset arrhythmia, hypovolaemia, or sepsis).

b Prognostically relevant imaging (TTE or CTPA) findings in patients with acute PE, and the corresponding cut-off levels, are graphically presented in Figure 3, and their prognostic
value is summarised in Supplementary Data Table 3.

¢ Elevation of further laboratory biomarkers, such as NT-proBNP >_600 ng/L, H-FABP >_6é ng/mL, or copeptin >_24 pmol/L, may provide additional prognostic information. These
markers have been validated in cohort studies but they have not yet been used to guide treatment decisions in randomised controlled trials.

d Haemodynamic instability, combined with PE confirmation on CTPA and/or evidence of RV dysfunction on TTE, is sufficient to classify a patient into the high-risk PE category. In
these cases, neither calculation of the PESI nor measurement of troponins or other cardiac biomarkers is necessary.

e Signs of RV dysfunction on TTE (or CTPA) or elevated cardiac biomarker levels may be present, despite a calculated PESI of Il or an sPESI of 0.234. Until the implications of such
discrepancies for the management of PE are fully understood, these patients should be classified into the intermediate-risk category.

Age Age in years 1 point (if age >80 years)
Male sex +10 points -
Cancer +30 points 1 point
Chronic heart failure +10 points

1 point
Chronic pulmonary disease +10 points
Pulse rate =110 bpm +20 points 1 point
Systolic BP <100 mmHg +30 points 1 point
Respiratory rate >30 breaths per min +20 points -
Temperature <36°C +20 points -
Altered mental status +60 points -

Arterial oxyhaemoglobin
saturation <90%

Risk stratification

* 0 points = 30 day mortality

+20 points 1 point

* Class I: <65 points risk 1.0%
* very low 30 day mortality risk . (95%CI 0.0-2 1%)
(0-1.6%) =1 point(s) = 30 day

mortality risk 10.9% (95% CI

e Class II: 66—85 points 8.5-13.2%)

* low mortality risk (1.7-3.5%)
. =1 point(s) = 30 day mortality risk
e (Class III: 86—105 points 10.193% (9(5%/0 CI 8‘5_yl 3.2%) Y

* moderate mortality risk

(3.2-7.1%)

* Class IV: 106—125 points
* high mortality risk (4.0—11.4%)

* ClassV: >125 points
 very high mortality risk
(10.0-24.5%)

Table 2. Original and simplified Pulmonary Embolism Severity Index.
Abbreviations: BP = blood pressure; b.p.m. = beats per minute; Cl = confidence interval. aBased on the sum of points.
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Cardiac troponin elevation as a marker
of cardiac necrosis is associated with higher
short-term mortality and more adverse events
(Becattini et al. 2007). Increased values of
other cardiac biomarkers such as heart-
type fatty acid-binding protein (H-FABP),
N-terminal pro B-type natriuretic peptide
(NT-proBNP) and brain natriuretic peptide
(BNP) are associated with RV involvement.

The echocardiographic findings associ-
ated with RV dysfunction are (Figure 2):

* RV size increase in the parasternal
long axis

* RV/LV relationship increase >0,9

* Flattening of the intraventricular septum
in the parasternal short axis

» Absence of the inferior vena cava

collapsibility
* 60/60 sign

Mobile thrombus in the right atrium
or RV

TAPSE <16mm

Decreased tricuspid annular peak
systolic velocity <9,5 cm/s

s P

u .
@™ 11PSE
TRPG <16 mm
<60 mmHg

E. 60/60 sign: cc

1ce of acc ion

A. Enlarged right ventricle,
parasternal long axis view.

C. Flattened intraventricle
septum (arrows) parasternal
short axis view

e

B. Dilated RV with basal
RV/LV ratio >1.0, and
McConnell sign (arrow),
four chamber view.

D. Distended inferior vena
cava with diminished
inspiratory collapsibility,
subcostal view.

time of pulmonary ejection <60 ms and
midsystolic “notch” with mildy elevated
(<60 mmHg) peak systolic gradient at the
tricuspic valve

G. Decreased tricuspid
annular plane systolic
excursion (TAPSE) measured
with M-Mode (<16 mm).

RiHTh

F. Right heart mobile
thrombus detected in right
heart cavities (arrow).

Tissue Doppler Imaging
S

S'<9.5/s E’

H. Decreased peak systolic
(S7) velocity of tricuspid
annulus (<9.5 em/s)

Figure 2. Graphic representation of transthoracic echocardiographic parameters in the assessment of right ventricular pressure overload (Adapted from Konstantinides et al. 2019).
AQ = peak late diastolic (during atrial contraction) velocity of tricuspid annulus by tissue Doppler imaging; AcT = right ventricular outflow Doppler acceleration time; Ao = aorta; EQ
= peak early diastolic velocity of tricuspid annulus by tissue Doppler imaging; IVC = inferior vena cava; LA = left atrium; LV = left ventricle; RA = right atrium; RiHTh = right heart

thrombus (or thrombi); RV = right ventricle/ventricular; SO = peak systolic velocity of tricuspid annulus by tissue Doppler imaging; TAPSE = tricuspid annular plane systolic excur-

sion; TRPG = tricuspid valve peak systolic gradient.

Evaluation of a Critical Patient
With PE

The main symptoms of patients with PE
are commonly sudden onset dyspnoea
and tachypnoea; tachycardia, chest pain,
pelvic limb pain, fever, haemoptysis or
syncope may also be experienced. Elec-
trocardiographic changes such as sinus
tachycardia, complete right bundle branch
block and S wave pattern in DI, Q wave in
DIII, and inverted T wave in DIII may be
seen in laboratory tests although these are

relatively infrequent. However, diagnosing
a severely hospitalised patient under seda-
tion and mechanical ventilation who gets
complicated with PE is challenging; thus,
it should be considered when patients
develop sudden respiratory and haemo-
dynamic deterioration, as tachycardia and
pain may be suppressed by painkillers and
sedatives. The increase in physiological
dead space due to pulmonary hypoperfu-
sion disorder may generate an increase in
arterial pressure (PaCO,) and hypoxaemia,

without modifications to the respiratory
system compliance or resistance and,
therefore, without evident modifications to
the respiratory mechanics during mechanical
ventilation. Electrocardiographic changes
and swelling of the pelvic limbs may also
be present, which may complement the
diagnostic suspicion.

In a hospitalised patient with suspected
or diagnosed PE, continuous monitoring of
blood pressure (BP), respiratory rate (RR),
heart rate (HR), peripheral partial blood
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oxygen saturation (SpO,), consciousness
and tissue perfusion data such as capillary
filling, skin colouration and temperature
and uresis is recommended, intentionally
looking for clinical data of shock due to
haemodynamic instability. Bedside ultra-
sound is recommended to detect: 1) RV
dysfunction data, 2) thrombi detection in
the right ventricle, and 3) thrombi detec-
tion in femoral veins proximal segment.
Haemodynamic management should be
established immediately and, if possible,
diagnostic confirmation with pulmonary
angiography or ventilation/perfusion scan
after stabilisation.

Specific Management
Anticoagulation

Anticoagulation therapy decreases mortality
in patients with PE (Weinstein et al. 2021).
Anticoagulants may be used enterally
or parenterally. The group of direct oral

anticoagulants (DOACs) and Vitamin K
antagonists (VKAs) are included in enteral

feeding; the most commonly used DOACs
are rivaroxaban and apixaban, whereas
VKAs include warfarin and acenocoumarin.
Parenteral anticoagulants include unfraction-
ated Heparin (UFH) and low-molecular-
weight heparins (LMWHs), of which the
most commonly used are enoxaparin and
fondaparinux (Table 3).

DOACs are recommended over VKAs
because they have fewer pharmacologi-
cal interactions and have been shown to
have a lower incidence of adverse effects,
including clinically relevant bleeding;
moreover, they do not require biochemi-
cal monitoring with serial laboratory tests
which are necessary for monitoring the
effectiveness of VKAs since an Interna-
tional Normalised Ratio (INR) of 2 to 3
must be kept. In addition, DOACs may
be administered as soon as the diagnosis

is confirmed and do not require prior
parenteral anticoagulation, unlike VKAs. If
VKAs are used, parenteral anticoagulation
should be started at the same time and kept
for at least 5 days and the INR value of 2
to 3 should be corroborated for at least 2
consecutive days.

As for parenteral anticoagulation,
comparative studies have shown that
LMWHs are associated with a decrease
in thrombotic events, greater decrease in
thrombus size, and less bleeding when
compared to UFH; besides they are the
anticoagulation treatment of choice for
pregnant patients. However, some indica-
tions that might suggest using UFH are
patients with haemodynamic instability and
the need for surgical reperfusion therapy
or other urgent major surgery (Leentjens
etal. 2017).

Direct Oral Anticoagulants

Regimen Contraindications
Crcl <30 ml/min
15 mg twice a day for 21 days i/[oie]rsate Zr Cseverehhep;sgc dl.mpalrment. (tC};ﬂd.th
Rivaroxaban Extended phase: 20 mg once daily with food ugh B and C), or hepatic disease assoclated wi
coagulopathy
Concomitant use of combined P-GP and strong
CYP3a4 inhibitors or inducers
Crcl <30 ml/min
] . Concomitant treatment with P-GP inhibitors in
Dabigatran 150 mg twice a day i . .
patients with crcl <50ml/min
Concomitant treatment with P-GP inducers
10 mg twice a day for 7 days CrCl < 15ml/min
Long-term phase: 5mg twice daily Severe hepatic impairment (Child Pugh C), or
Apixaban Extended: 2.5mg twice a day after at least 6 hepatic disease associated with coagulopathy
months of treatment Strong dual inhibitors or inducers of CYP3A4 and
P-GP
Initial therapy with parenteral anticoagulation CrCl <15ml/min
for 5-10 days should precede administration of Moderate or severe hepatic impairment (Child
Edoxaban Pugh B and C), or hepatic disease
long-term: 60 mg/day associated with coagulopathy
Edoxaban 30 mg/day can be considered in patients with =1 | Concomitant treatment with rifampin
of the following factors: CrCl 15-50ml/min; body
weight =60 kg; cyclosporin, dronedarone, erythro-
mycin, or ketoconazole
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Low-Molecular Weight Heparins

Regimen Adjust kidney function (CrCl<30ml/min)

Bemiparin 115 Ui/kg/day S.C. 3500 ui

) 100 UI/kg/12h S.C. ,
Dalteparin 200 UI/kg/day S.C. Not recommended (control anti-Xa)

. 40mg/12h
Enoxaparin 1mg/kg/12h 5.C. CrCl <15 ml/min: contraindicated

. . CrCl >50 and >30 ml/min: reduce between 25 and 33%
Nadroparin 86 Ui/kg/ 120 S.C. CrCl <30 ml/min: not recommended
Tinzaparin 175 ui/kg/day S.C. Anti-Xa control

Cr Cl between 30-50 ml/min: use with caution,

Fondaparinux 7.5 mg/day S.C. same dosage of 5 to 7.5 mg SQ q daily.

CrCl <30 ml/min: contraindicated

Unfractionated Heparin

Bolus dose Immediate infusion to follow
Initial dose 80 U/kg 18 U/kg/h
Adjustment accord-
ing to control of ttpa
<35s 80 U/kg 4 U/kg/h
35-45s 40 U/kg 2 U/kg/h
46-70s Without modifications
71-90s Decrease infusion to 2 U/kg/h
>90 s Stop infusion one hour, then resume at 3 U/kg/h

Thrombolytics

Regimen

100 mg over 2h

Contraindications to fibrinolyisis
Absolute

Altepl i i
eplase 0.6 mg/kg over 15min (max. dose 50 mg) History of héemorrhaglc stroke or stroke of
unknown originw
) ) Ischaemic stroke in previous 6 months
Streptokinase 250000 U as a loading dose over 30 min, Central nervous system neoplasm
P tollowed by 100 000 U/h over 12-24h . ’ pasm )
Major trauma, surgery, or head injury in previous
3 weeks
Accelerated regimen: 1.5 million U over 2h Bleeding diathesis
Active bleeding
A . Relative
4400 U/kg as a loading dose over 10 min, Transient ischaemic attack in previous
Urokinase followed by 4400 U/kg/h over 12-24h 6 months
Accelerated regimen: 3 million U over 2h Oral anticoagulation
Pregnancy or first post-partum week
30-50 mg IV bolus over 5 sec once (based on weight) Non-compressible puncture sites
<60 kg: 30 mg Traumatic resuscitation
60-70 kg: 35m i i
i b g g Refractory hypertension (systolic bp >180 mmHg)

70-80 kg: 40 mg
80-90 kg: 45 mg
>90 kg: 50 mg

Advanced liver disease
Infective endocarditis
Active peptic ulcer

Table 3. Anticoagulants and thrombolytics
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Thrombolysis

Thrombolysis used in patients with massive
PE has been successful in reducing mortal-
ity up to 50%. It is associated with faster
clot dissolution but there is a risk of haem-
orrhage. As for thrombolysis in inter-
mediate-risk PE, significant decrease in
RV dysfunction, decreased need for escalat-
ing interventions and improved quality of
life (Marti et al. 2015; Becattini et al. 2014;
Kline et al. 2014), lower mortality or escala-
tion in treatment but with a higher chance
of haemorrhage (Weinstein 2021) have been
reported. Thus, thrombolysis is only fully
justified in case of PE with haemodynamic
instability (Konstantinides et al. 2019).

Surgical Treatment

Surgical treatment of PE includes open
pulmonary embolectomy or catheter-directed
thrombolysis. To date, studies supporting
the efficacy of surgical management are few;
however, patients with high-risk PE or in
cardiorespiratory arrest may benefit from
this intervention. Compared to the use of
a second dose of thrombolytic when there
is no improvement with the initial dose,
surgical management has been reported
to have better results. Preoperative throm-
bolysis is associated with an increased risk
of surgical bleeding but is not an absolute
contraindication. Therefore, thrombectomy
is indicated when thrombolysis is contra-
indicated, fails, or when cardiopulmonary
resuscitation is needed; the perioperative
mortality rate in these cases is <6% (Yama-
moto 2018). Anticoagulation is required
following surgical resolution; however, there
is no consensus on when the best time is
to start it and it should be indicated accord-
ing to the doctor’s judgment. A regimen of
anticoagulation with heparin for at least 5
days before switching to DOACs might be
recommended (Konstantinides et al. 2019).

Haemodynamic and Respiratory
Management in the ICU Patient
With PE

Respiratory Support

Appropriate tissue oxygenation must be

guaranteed in order to avoid organ fail-
ure; furthermore, it contributes to reduce
pressure in pulmonary circulation and
RV afterload by avoiding vasoconstriction
due to a decrease in pulmonary vascular
resistance mediated by hypoxaemia (Lyhne
2021). Oxygen therapy also contributes to
alleviate dyspnoea and decrease work of
breathing and respiratory rate. To increase
the fraction of inspired oxygen (FiO,),
conventional devices such as low-flow nasal
cannulas, face mask or mask with oxygen
reservoir with non-rebreathing valve may
be used. These devices should be scaled
according to the clinical situation, a goal
of SpO, from 90 to 96% or PaO, from 60
to 90 mmHg may be recommended for
most cases (Erol 2018). High-flow nasal
cannula (HFNC) can deliver a FiO, close
to 1, generating a rapid increase in SpO,
and PaO,. Thermal regulation of inhaled
oxygen preserves mucociliary function
and contributes to device tolerance and
increased flow that can reach up to 50 to
70 L/min. It could favour ventilation by
increasing end-expiratory lung volume,
increasing functional residual capacity, and
decreasing respiratory drive and work of
breathing. This benefit has been shown to
be effective in retrospective studies and
case reports (Aguilar-Piedras 2021; Vikas
2021; Messika 2017).

Regarding patients in whom adequate
oxygenation cannot be guaranteed and who
persist having tachypnoea and increased
respiratory effort, noninvasive ventilation
(NIV) may be used to support ventilation
by releasing the load on the inspiratory
muscles, conserving the negativity exerted
by them and favouring venous return,
unlike invasive ventilation.

In patients with high-risk PE, it is recom-
mended to avoid intubation and invasive
mechanical ventilation (IMV) when possible
and to exhaust respiratory support strategies
mentioned above; if these fail and there
is one or more indications to start IMV, it
should be carried out in the safest possible
way. Using cardio-stable drugs during the
rapid intubation sequence (etomidate,
ketamine) may be recommended unless

contraindicated. The use of propofol or
midazolam for induction could decrease
cardiac rate and contractility and worsen
the haemodynamic status (Zamarron 2019).
When starting IMV, it is recommended not
to place positive end-expiratory pressure
(PEEP) and to limit plateau pressure in
order not to further increase intrathoracic
positive pressure and afterload to the RV
(Meyer 2016). There is no consensus on
sedative management in this pathology
but avoiding unnecessary and prolonged
sedation may be associated with a better
prognosis.

Fluid therapy and Diuretics
Intravenous fluids should be used with
caution because the increase in RV end-
diastolic pressure at the expense of preload
will contribute to a decrease in LV end-
diastolic volume, decrease in LV systolic
volume and, thus, cardiac output, paradoxi-
cally worsening the haemodynamic status
(Meyer 2016). On the other hand, the
use of diuretics in normotensive patients
with PE is associated with a decrease in
the severity of PE without affecting renal
function; theoretically, this may be due to
a decrease in RV congestion and secondary
venous congestion (Lim 2021).

Vasopressors, Inotropes, and Vasodilators
Norepinephrine (NE) is the vasopressor
of first choice for patients in shock. In the
case of PE accompanied by haemodynamic
instability, NE can improve RV performance
by enhancing coronary perfusion pressure
(Meyer 2016). Vasopressin, methylene blue,
and other vasopressors could increase BP
in case of refractory shock; however, there
is not enough information to issue recom-
mendations on their use in this pathology.
Dobutamine is an inodilator that can be
used to improve cardiac contractility in
cardiogenic shock and PE; its use can be
considered under BP strict monitoring
because using it could cause a decrease in
BP The combination of both drugs could
also be considered if the doctor deems
it appropriate and only under dynamic
monitoring that may include transthoracic
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or transesophageal ultrasound. Inhaled
nitric oxide has been shown to improve
pulmonary function, but without achieving
a benefit in mortality numbers.

Extracorporeal Membrane Oxygenation
Extracorporeal membrane oxygenation
(ECMO) may be considered in critically
ill patients with PE. Successful cases have
been reported when it has been used in

an arteriovenous modality in patients with
high-risk PE or cardiac arrest, in order to
provide cardiac and respiratory support;
however, studies on this subject are few as
they require a trained team and there is

High — risk

Pulmonary
Embolism

Consider consultation with
a designated PERT

l

Fibrinolysis*

(or surgery)

Haemodynamic Maintaina MAP
Avoid MV if possil E——] —_—
i support | > 65 mmHg
| L
« HFNC . :
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Figure 3. Proposal for haemodynamic management in high-risk pulmonary embolism *in the absence of contraindication.

PERT: Pulmonary Embolism Response Team, HFNC: high flow nasal cannula, NIV: noninvasive ventilation, ZEEP: 0 cmH20 of end-expiratory pressure, Vt tidal volume, Pplat
plateau pressure, RV: right ventricle, LV: left ventricle, CTPA: computed tomography pulmonary angiography, CO: cardiac output, MV: mechanical ventilation, NO: nitric oxide inha-
lation, VA ECMO: veno-arterial extracorporeal membrane oxygenation.

no consensus on when to initiate therapy
(Murray 2021).

The summary of specific management and
multiorgan support is presented in Figure 3.

Recurrence Prevention

Recurrent PE occurs in 7 to 30% of cases
over 10 years, being more frequent in the
first 12 months despite the use of oral
anticoagulation and is more frequent in
patients with cancer. The risk factors associ-
ated with recurrence are age, body mass
index (BMI), male gender, active cancer,
immobility of lower extremities, lupus
anticoagulant, antiphospholipid antibod-
ies, and protein S, C and antithrombin
deficiencies (Heit et al. 2002).

Duration of Anticoagulation
Therapeutic anticoagulation should suffice

with only 3 months if a provoked or tran-
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sient risk factor has been identified (e.g.
surgery, trauma, prolonged immobilisation,
etc).The recurrence rate in these patients is
3%; however, in those patients at high risk
of recurrence (e.g., active cancer, prolonged
immobilisation), anticoagulation should
be extended indefinitely and monitored
for new thrombotic events, which can
occur in up to 8% of cases. active cancer,
prolonged immobilisation) should extend
anticoagulation indefinitely and monitor
for new thrombotic events, which can
occur in up to 8% of cases, in addition to
complications of anticoagulants such as
haemorrhage (Konstantinides et al. 2019).

Inferior Vena Cava Filter

When there is a contraindication to pharma-
cological anticoagulation, an inferior vena
cava filter may be indicated. This strategy
has been associated with lower mortality
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despite associated complications such as
an increased possibility of thrombotic
events (like filter thrombosis), which can
occur in up to 10% of cases, and DVT in
up to 40% of cases. Its use in high-risk
PE or combined with oral or parenteral
anticoagulants is not recommended since
it does not generate an added benefit
(Yamamoto 2018).

Conclusion

PE is a serious disease associated with a
high morbidity and mortality, which can
occur in critically ill patients during hospi-
talisation. The recognition of this disease,
its timely diagnosis and establishing an
adequate treatment with multidisciplinary
Support can improve its prognosis.
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