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License (CC BY-NC). Readers may copy, distribute, and display the work for non-commercial
purposes with the proper citation of the original work. Extracorporeal membrane oxygenation
(ECMO) is considered as a supportive treatment that provides circulatory and ventilatory support
and can be thought off as a bridge to organ recovery. Since 2009, it has been applied as a rescue
treatment for patients with severe adult respiratory distress syndrome (ARDS) mainly due to viral
causes. In December 2019, several patients presented with a constellation of symptoms of viral
pneumonia in China. A new strain of the corona virus family, called COVID-19, has been
discovered to be the cause of this severe mysterious illness that was named severe acute
respiratory syndrome coronavirus 2 (SARS■CoV■2). This new virus continued to spread across
the globe leading to the World Health Organization announcing it as a pandemic in the early 2020.
By the end of March 2021, the number of COVID-19 cases worldwide exceeded 126 million cases.
In Saudi Arabia, the first confirmed case of COVID-19 was reported in the 2nd March 2020. By the
end of March 2021, the total number of confirmed COVID-19 cases in Saudi Arabia is just above
360,000. In anticipation of the need of ECMO for the treatment of patients with SARS■CoV■2
based on the previous Middle East respiratory syndrome coronavirus pandemic experience, the
Saudi Extra-Corporeal Life Support (ECLS) chapter that is under the umbrella of the Saudi Critical
Care Society (SCCS) convened a working group of ECMO experts. The mission of this group was
to formulate a guidance for the use of ECMO as a last resort for patients with severe ARDS,
especially with COVID-19 based on available evidence. The ECLS-SCCS chapter wanted to
generate a document that can be used to simple guide, with a focus on safety, to provide ECMO
service for patients with severe ARDS with a special focus on SARS■CoV■2.

The Saudi Extracorporeal Life Support (ECLS) chapter, under the Saudi Critical Care Society
(SCCS), was established in April 2018. The SCCS-ECLS is an umbrella body for extracorporeal
membrane oxygenation (ECMO) experts and providers from different specialties, including but not
limited to intensivists, cardiac surgeons, perfusionists, and nurses. The SCCS-ECLS provides
high-fidelity simulation training and educational activities to assure competency among health care
workers providing ECMO services in Saudi Arabia. This article is the result of a collaborative effort
between ECMO experts across Saudi Arabia. The main goal is to discuss, propose, and advocate
ECMO-related affairs and matters based on the best medical evidence available in the literature.
We hope that this guidance document will help medical teams who are caring for patients with
severe acute respiratory distress syndrome (ARDS) requiring ECMO. We will describe the most
common issues the medical team might encounter while the patient is on veno-venous (VV) ECMO
for acute respiratory distress syndrome.

Extracorporeal membrane oxygenation is a highly complex, labor-intensive standard of care since
1990 in pediatrics and 2009 in adults; 3 it is a lung or heart rescue therapy when all conservative
management fails to provide life support to the patient. 4 The last decade has shown increasing
demand for this kind of service worldwide, particularly during pandemics such as influenza A
(H1N1), Middle East Respiratory Syndrome Coronavirus (MERS-CoV), and currently, Coronavirus
Disease 2019 (COVID-19). 5 - 10 Extracorporeal membrane oxygenation is a form of medical life
support that comes under the umbrella of extracorporeal life support (ECLS), which encompasses
several entities used for the temporary support of patients with respiratory and/or cardiac failure. 11
Extracorporeal life support is more comprehensive nomenclature that includes the basic mode VV



and veno-arterial (VA) ECMO, and the other modes of support that have evolved during last 2
decades, such as extracorporeal cardiopulmonary resuscitation (ECPR) and extracorporeal carbon
dioxide removal (ECCO 2 R) ( Figure 1 shows the extracorporeal strategies that can be used for
supporting patients with ARDS).

- The extracorporeal strategies that can be used for supporting patients with ARDS. ECMO:
extracorporeal membrane oxygenation (ECMO). ECCO 2 R: extracorporeal CO 2 removal

Extracorporeal life support is usually provided by multispecialty units, including cardiothoracic
surgery, pediatric surgery, adult intensive care, anesthesiology, cardiology, pulmonary medicine,
intensive care, pediatric intensive care, neonatology, and emergency medicine. 12 , 13 The
provision of ECMO varies between the countries that provide this service; it was introduced in Saudi
Arabia during the H1N1 pandemic and was significantly utilized during the MERS-CoV outbreaks in
2014 by the Ministry of Health (MOH), with favorable outcomes. 8

The Extracorporeal Life Support Organization (ELSO) is an international consortium of health care
institutions dedicated to the development and evaluation of novel therapies for supporting failing
organ systems. 10 Extracorporeal Life Support Organization retains an international ECMO registry
of affiliated centers. The registry data are mainly used for clinical research, and the development of
guidelines. Educational programs are also provide. 10

Extracorporeal life support is defined as the use of mechanical devices to temporarily (days to
months) support heart or lung function in case of cardiac or pulmonary failure, with the goal of
allowing time for heart or lung recovery or as a bridge to transplant. 4 The ECMO is an external
artificial circuit that drains venous blood from the patient, passing it through a membrane, where
gas exchange takes place (oxygenation and removal of Co2) outside the body, then the blood will
be returned back to the venous system to provide respiratory support or to the arterial system to
provide circulatory support 4 ( Figure 2 summarized the general demonstration of the standard
components of an ECMO circuit).

- General demonstration of the standard components of an extracorporeal membrane oxygenation
(ECMO) circuit.

Extracorporeal membrane oxygenation types refers to the form of ECMO that describes a specific
site from which a cannula draws blood (access) and returns blood from the ECMO machine to
patient (return).

Veno-venous ECMO. Provides respiratory support where blood is drawn from and returned to the
venous system of the circulation after being oxygenated and decarboxylated.

Veno-arterial ECMO. Provides circulatory support in which blood is drawn from the venous system
and returned to the arterial system of the circulation after being oxygenated and decarboxylated.
Veno-arterial ECMO types can also be divided according to the cannula insertion approach, that is,
either the central or peripheral blood vessels.

Central ECMO. The access and return cannulas are inserted directly in the great vessels of the
heart or atrium through sternotomy incision.

Peripheral ECMO. The access and return cannulas are inserted in medium-sized vessels in the
groin or neck to access the great vessels of the heart or atrium through a percutaneous,
semi-percutaneous, or cut-down approach.

The 2012 Berlin definition for ARDS is “a type of acute diffuse, inflammatory lung injury, leading to
increased pulmonary vascular permeability, lung weight, and loss of aerated lung tissue. Patient
typically present with hypoxia and bilateral infiltrates in chest images, accompanied a significant



increase in lung resistance. At a microscopic level, there is diffuse alveolar edema and
inflammation or even hemorrhage”. 14

Even with maximal conventional therapies for ARDS, some patients continue to deteriorate.
Extracorporeal membrane oxygenation is recognized as a supportive treatment that has been
shown to improve survival in patients with severe ARDS after exhausting conventional therapies. 14

To date, the best available evidence showing benefit in patient selection criteria for VV ECMO are
the 2017 ELSO guidelines 4 and the ECMO to rescue acute lung injury in severe ARDS criteria. 2
The Murray score 15 and respiratory ECMO survival prediction score 16 may be used for patients
with severe refractory hypoxemic respiratory failure due to severe ARDS with other clinical
considerations to aid patient selection for ECMO; however, it should not affect the final decision in
consultation with the ECMO command center.

- General indications for veno-venous (VV) ECMO.

Early referral for ECMO according to patient selection criteria is important for appropriate timing for
deploying ECMO. Cannulation can be performed in any location in the hospital according to the
patient’s current condition, hospital setting, and staffing. The most common location is bedside in
the intensive care unit (ICU). However, some centers prefer performing the procedure under
fluoroscopy guidance (such, in the vascular or cardiac catheterization laboratory, or the operating
room). This should be carried out only if the patient condition allows safe mobilization and transfer
to these areas. Careful layout of the procedure by the cannulating physician with team members is
paramount considering the following:

Cannula selection (type and size) based on:

ECMO configuration (femoral [FEM]–fem, fem–internal jugular [IJ]), double-lumen venous cannula
in IJ);

Pump flow target and patient weight and body surface area, and patient vascular anatomy and
vessel size.

The treating team should obtain ECMO consent from the next of kin ( Figure 2 ). Cross-matched
blood products (at least 2 packed red blood cells) to be ready bedside. Correction of any
coagulopathy by transfusion of platelets and fresh frozen plasma according to the patient’s
condition. Ultrasound (US) machine and cardiac echocardiogram probe must be available for
ensuring safety. Medication for sedation and muscle relaxation. Heparin (50-100 U/kg), not to
exceed 5000 U bolus (this dose includes the priming solution of circuit and machine if present). If
the patient’s central line is in the right IJ vein, it should be removed after securing a new central line
in the counter left side or elsewhere away from the cannulation site (this should be carried out
before cannulation to minimize the risk of bleeding or vascular injury while the patient is on
therapeutic heparinization). Lastly, a checklist for ECMO insertion.

No consensus or evidence exists to mandate a specific structure. However, the team must fulfill the
skills required to perform patient care safely and effectively. The optimum team number should
include but is not limited to: i) cannulating physician, ii) intensivist/anesthetist, iii) ICU Nurse,
perfusionist, iv) respiratory therapist, v) floater/runner (such as, nurse). The following are important
considerations for cannulation: a) full aseptic technique, b) for optimal patient safety and outcome,
cannulation must be US-guided, unless the cut-down technique is used, as in a limited number of
cases. 17

- General indications for veno-venous (VV) extracorporeal membrane oxygenation (ECMO).



The most commonly used approach in adults with less incidence of infection and more patient
safety; 15 , 18 involves vessel puncture, guide wire placement, and serial dilation (Seldinger
technique). 19

Used in some cases with difficult vessel identification by palpation or US such as extracorporeal
cardiopulmonary resuscitation (ECPR), through a skin cut and gentle subcutaneous dissection to
identify the vessels, followed by vessel puncture, guidewire placement, and serial dilation
(Seldinger technique). 18 - 20

Better avoided or restricted to cases after failure of the previous 2 techniques. It should be
performed by a surgeon to identify the vessels and cut in the vessel wall, followed by direct cannula
insertion. 18 - 20

Veno-venous ECMO requires deoxygenated venous blood to be removed from the patient by
means of a pump, passing it through a membrane lung oxygenator where gas exchange takes
place, and then returning the oxygenated and decarboxylated blood to the venous system ( Figure
3 ).

- Common venvenous(VV) extracorporeal membrane oxygenation (ECMO) configurations. A)
Conventional VV ECMO, fem–IJ configuration. B) Fem–fem VV ECMO. C) Single cannula with dual
ports, one for drainage and another for return that directs oxygenated blood toward the tricuspid
valve.

This is the most common cannulation approach. However, we strongly discourage the use of the
left IJ vein as a cannulation site. The 2 cannulas are inserted as follows: 1) A drainage (venous)
cannula is inserted in the femoral vein. The tip should be in the inferior cavo-atrial junction or just
below. 2) A return cannula (arterial) is inserted in the right IJ vein. The tip should be in the superior
cavo-atrial junction. 19

This is the safest and easier approach. However, it has a higher incidence of recirculation. It can be
used in the presence of a contraindication to right IJ vein insertion (such as, thrombosis, clot, or
infection). In this technique, 25 cannulas are inserted in the following fashion: 1) A drainage cannula
is inserted in the femoral vein. The tip should be in the inferior vena cava (IVC) below the hepatic
veins. 2) A return cannula is inserted in contralateral femoral vein. The tip should be at the
cavo-atrial junction or in the RA. 3) The tips of both cannulas should be at least 5-10 cm apart to
avoid recirculation.

This cannula consists of a wire-enforced double-lumen single cannula with 2 ports: the drainage
port drains deoxygenated blood from both IVC and superior vena cava (SVC) through 2 openings;
the other port returns oxygenated blood through another separate opening ( Figure 2 ). 19 When
using this cannula, it should be placed percutaneously under fluoroscopy guidance,
trans-esophageal echocardiography (TEE), or trans-thoracic echocardiography (providing a good
bicaval view can be safely obtained).

The proper position of the cannula should be confirmed before removing the drape using different
modalities (improvement of patient saturation, TEE demonstrating appropriate flow through the
return port in the direction of the tricuspid valve, tip of the drainage cannula in the IVC, chest x-ray
[CXR]). This type of cannulation is discouraged for cases that require retrieval from other centers
unless it is carried out by a well-trained cannulating ECMO team and only in special situations (such
as, pregnant patients). 20

Oxygenation (fraction of inspired oxygen [FiO2]) is dependent on the blood flow through the
membrane and the ratio to the native cardiac output. Therefore, the VV ECMO blood flow rates
required for supporting systemic oxygenation in adults are estimated to be 60-80 mL/kg/min.
Carbon dioxide clearance through ECMO is determined by the rate of “sweep gas” flow, which



relies on the properties of the membrane oxygenator. 21

Generally, cannula size selection depends on the estimated required flow; a rough calculation for
the cannula diameter could be used [Fr = D (mm) × 3], where Fr is the French gauge system and D
is the diameter of the selected blood vessels to be cannulated. 21 Utilizing the flow size chart
provided by the manufacturer for each cannula also aids the best cannula selection.

Patient body surface area and the patient’s general clinical condition (such as, high cardiac output
status such as sepsis) plays an important role in the decision of optimal cannula size and target
flows. Please note that this depends on the physiological target but can be used as general starting
points. It should be adjusted based on physiological responses and parameters:

ECMO for cardiac failure: start with 50-60 mL/kg/min. Take into consideration that there are several
factors that can affect the ECMO flow (such as, site used for vascular access, cannula length and
size, and cardiac function).

ECMO for respiratory failure: start with 60-80 mL/kg/min. The ECMO oxygenator is always more
efficient in CO 2 extraction compared to O 2 delivery, which is noticeable in the blood gases.
Several factors can affect the gas exchange during the ECMO run (such as, flow, membrane type,
sweep, and patient condition).

ECCO 2 R (for hypercapnic respiratory failure): 25% of cardiac output. 22 , 23

The attending ICU consultant is the primary intensivist. While the patient is on ECMO support, an
ECMO consultant (intensivist or cardiac surgeon) should always be available as a resource. The
ECMO consultant and perfusionist on-call contact information should be kept by the patient’s
bedside. The ECMO consultant role is to manage the ECMO parameters and help in optimizing the
patient condition while on ECMO, working closely with the primary intensivist to come up with a
daily plan aiming for weaning the patient off ECMO in a reasonable time when the patient recovers.
The perfusionist role is to review the patient with the medical team each morning and again before
leaving for the evening. The primary intensivist will review the patient daily and set the ECMO plan,
involving colleagues experienced in ECMO as required.

Heparin is the most common anticoagulant drug used for preventing clot formation inside the
cannula, circuit, and membrane lung targeting an activated clotting time (ACT) goal or activated
partial thrombin time (aPTT) adjustment. Systemic anticoagulation is usually used to prevent
thrombotic complications (in the machine and the patient). However, this should be carefully
monitored and adjusted to prevent bleeding complications, which are unfortunately are still high. 24
, 25 If ACT is used, a range of 180-200 seconds (sec) has been suggested for VV-ECMO.
However, different ACT platforms and their relationship to the measured heparin levels and aPTT
are inconsistent, especially in the lower ACT target ranges for ECMO. 24 There are >300 laboratory
methods for monitoring aPTT, with different results obtained depending on the method utilized. As a
result of this wide variation, the PTT target (1.5 times the normal value) range used at one ECMO
center should not be translated to other centers without confirming the type of assay used for aPTT.
24 The evidence for low-dose heparin during an ECMO run is evolving; however, all expert opinion
ensures its safety. A VV ECMO run can be maintained off heparin for days in individual cases,
complicating moderate to severe bleeding providing adequate pump flow to avoid blood clotting; in
this case, we advise a backup primed machine to be always available. 26 Bleeding and thrombotic
complications during ECMO are common and have a significant impact on patient outcomes 25 (
Table 3 , Figure 4 ).

- Possible causes and management of bleeding on extracorporeal membrane oxygenation (ECMO).

- Anticoagulation on veno-venous extracorporeal membrane oxygenation. INR: International
Normalized Ratio, aPTT: activated partial thromboplastin time, ACT: activated clotting time, CBC:



complete blood count

The cannula entry sites dressing should be checked daily by the ECMO team and changed every
48-72 hours. The ECMO team should check and document the cannula position and location daily,
either by US or CXR. The perfusionist/ECMO specialist should check and document the circuit and
membrane lung daily. Any change in pressures or evidence of clots should be immediately reported
to the ECMO consultant. The console pressure alarm checklist should be checked daily; different
circuit pressures should be continuously monitored and documented every 6 hours (h); any
changes in console pressure should be forwarded to the ECMO consultant. The perfusionist/ECMO
specialist should evaluate and examine membrane lung function daily, with pre- and
post-membrane gas analysis. The circuit and ECMO machine should be adjusted, under a
controlled environment, at the bedside, and protected against kinking or cannula dislodgment.

The challenge in respiratory management on ECMO is to provide balance between allowing good
oxygenation with the excessive pump flow required, good volume status and the conservative fluid
management required for recovery of wet lung.

Ventilator management after ECMO initiation should not be performed unless the appropriate
targeted ECMO pump flow is achieved, and the patient’s oxygen saturation has improved; ventilator
settings should be adjusted to allow lung rest. 3 Optimum ventilatory goals should be based on
ultra-protective lung ventilation ( Figure 5 ); however, the best evidence available shows that low
tidal volume and driving pressure <15 mmHg are associated with good outcome. Thus, any
ventilator setting that achieves these goals is accepted ( Figure 5 ).

- Management of veno-venous ECMO and the ventilator PEEP: peek end expiratory pressure,
Pplat: plateau pressure, ECMO: extracorporeal membrane oxygenation, ARDS: acute respiratory
distress syndrome, FiO2: oxygenation, IBM: ideal body mass, IBW: ideal body weight, H 2 0: water,
RR: respiratory rate, PaO2: partial pressure of oxygen

In patients on VV ECMO, reverse oxygen diffusion may occur if the oxygen tension in the
pulmonary artery (due to ECMO and native blood flow) exceeds the alveolar PaO 2 . As a rule of
thumb, maintaining an FiO 2 of 0.3-0.6 while the patient is on VV ECMO should avoid this problem.

Permissive hypoxemia is accepted cases to maintain an arterial partial pressure of oxygen (PaO 2 )
of 50-55 mm Hg or 80-85% oxygen saturation, providing partial pressure of carbon dioxide (pCO 2 )
is normal, to avoid the late complications of cognitive dysfunction post-ECMO. This could help
avoid excessive pump flow and thus decrease hemolysis and other possible complications of high
pump flow, and allow also better tolerance of conservative fluid management. 27 Management of
hypoxia on ECMO should be treated cautiously and systematically to reach the definite cause and
treat it accordingly. 28 The most common causes of hypoxia on ECMO are ( Figure 6 ):

- Low O 2 saturation on ECMO. LDH: lactate dehydrogenase, ECMO: extracorporeal membrane
oxygenation, PEEP: peek end expiratory pressure, IV: FiO 2 : fraction of inspired oxygen, Hb:
hemoglobin, PO2: partial pressure of oxygen, DIC: disseminated intravascular coagulation, SVC:
superior vena cava, IV: intravenous

A) Recirculation, a phenomenon exclusive to VV ECMO, in which reinfused oxygenated blood is
withdrawn through the drainage cannula without passing through the systemic circulation. 29

C) Other possible causes are listed in Table 4 .

- Possible causes and management of low O 2 saturation on extracorporeal membrane
oxygenation (ECMO).

Change in patient arterial pO 2 a. Increased arterial pO 2



Cause Issue Improved pulmonary function Check tidal volumes (consider ECMO weaning protocol)
ECMO pump flow is too high Decrease ECMO flow gradually down to 3 L/min, then decrease FiO2
after (consider ECMO weaning protocol)

Decreased arterial pO 2 (refer to hypoxia algorithm, Figure 6 );

Change in patient arterial pCO 2 a. Increased patient arterial pCO 2 ( Table 5 )

Decreased patient arterial pCO 2 . If adequate oxygenation cannot be maintained (persistently low
O 2 saturation) at a low or normal central venous pressure (CVP) (indicating good drainage and
good cardiac function): a) a second return cannula can be inserted and connected to the
post-oxygenator part of the circuit (using a Y connector) to optimize oxygen delivery. b) Upgrade
the size of the return cannula. c) Check for recirculation, in which reinfused oxygenated blood is
withdrawn through the drainage cannula without passing through the systemic circulation. 29 If that
is the case, the cannula position needs to be adjusted accordingly. Table 6 summarize the causes
and how to respond to them.

- Increasing patient arterial pCO 2 on extracorporeal membrane oxygenation (ECMO).

- The frequency distribution of the causes of burns in patients

Avoid aerosol-generating procedures such as bronchoscopy and tracheal suction without an in-line
suction system in place unless necessary and clinically indicated. Bronchoscopy is an invasive
aerosol-generating procedure. It should be avoided due to the risk of bleeding and of spreading
COVID-19 particles. If bronchoscopy is necessary (such as, mucus plug, lobar pneumonia,
worsening CXR, hemoptysis), then we recommend the following precautions: a) the procedure
should be carried out in a negative pressure room. b) Appropriate full personal protective
equipment (N95 or powered air-purifying respirator, face shield, gloves, and gown). c) Complete
prevention of cough (muscle relaxation, increase sedation, and local lidocaine). d) If available, use
a disposable bronchoscope. e) Bronchoscopy tray: Minimize material and cover with transparent
sheets.

It is important to know that VV ECMO has no direct effect on preload or afterload, and cardiac
output is entirely dependent on native cardiac function. The inotropic support requirement
pre-ECMO is multifactorial; in most cases, post-ECMO inotropic requirement is reduced due to
better organ perfusion and correction of blood gases. A strong relation can also be observed with
reducing ventilator settings, which may be due to decreased pulmonary cytokine release. In case of
sub-optimal flow, a fluid challenge can be administrated. Although, fluid overload should be
prevented. If an arterial saturation of 80-85% could not be achieved, the team should consider the
insertion of a second access line to improve saturation > 88%.

Deep sedation sufficient for inhibiting respiratory movement is required after initiation of ECMO up
to the first 48 h to achieve stability. The use of infusions complemented by intermittent boluses as
needed is highly recommended. Sedation management should be treated during the first 48 h, with
early cessation of muscle relaxant if present, preferably not to exceed 48 h. The treating team plan
for sedation should by discussed with the ECMO consultant during the entire ECMO run, with daily
Richmond agitation sedation scale (RASS) goal or equivalent score and daily assessment of
consciousness. Once the patient is stable on VV ECMO, less sedation should be used. This should
not be on the expense of making the patient less comfortable. The medical team should aim for the
lowest sedation dose possible that will maintain satisfactory oxygen delivery yet at the same time
does not compromise patient comfort. It may be possible to extubate the patient while on ECMO.
However, this is not common practice, and evidence in outcome is limited to expert opinion and is
still evolving. Early physiotherapy and mobilization are highly encouraged, which has been found to
be safe with restricted protocols in expert centers.



Daily blood work: complete blood count (CBC), urea, creatinine, electrolytes; magnesium, PO 4 ;
liver function tests (LFT) including lactate dehydrogenase (LDH), activated partial thromboplastin
time (aPTT), international normalized ratio (INR), fibrinogen, D-dimer, and free plasma hemoglobin
or haptoglobin if available.

The ACT is usually used to titrate heparin in the first 24 h and is measured every 2 h over the first
day.

After the first 24 ours, aPTT should be performed in the hematology lab every 4-6 hours and used
as a guide heparin therapy. Factor XI assay can be used to guide heparin therapy; however, the
protocol is complex and not commonly used.

Minimize performing blood collection unless it is necessary (such as, collecting blood cultures).

Should be prescribed as indicated by physiological parameters or laboratory investigations or
cultures.

Patient should be fed as per the unit practice.

When possible, a nasogastric tube (NGT) should be inserted.

Prevention gastric stress ulcer: the use of intravenous (IV) proton pump inhibitor is usually
recommended.

Pharmacological or mechanical diuresis can be used safely for patients on ECMO.

Fluid status is very important on ECMO and can be very dynamic. The medical team should use the
patient’s parameters and ECMO flow as a guide.

CRRT please write the meaning in full can be provided as per unit policy from a separate dialysis
line or through the ECMO circuit.

CRRT from the ECMO circuit requires the perfusionist to place the connection and has a higher risk
of entraining air into the ECMO circuit.

Logrolling of patient on ECMO (for back care or cleaning) can be carried out but should be
minimized.

Needs adequate staffing and experienced team are required for moving patients on ECMO.

Extra caution should be practiced when moving patient on ECMO.

Some expert centers have found that mobilizing the patient or even walking on ECMO is safe; it
requires a well-trained ECMO physician and perfusionist/ECMO specialist to manage possible
troubleshooting.

This would require clinical assessment of readiness for weaning off ECMO ( Figure 7 ). If the patient
is considered ready to liberate from VV ECMO, then please refer to the “VV ECMO Liberation
Process.”

Veno-venous ECMO liberation process ( Figure 8 ). Extracorporeal membrane oxygenation
discontinuation should pass through 4 defined stages: Stage I: Signs of improvement, stage II:
ECMO weaning, Stage III: Trial off, and finally Stage IV: Decannulation. 30



- Assessment of patient readiness for weaning off veno-venous ECMO PEEP: peek end expiratory
pressure, Pplat: plateau pressure, ECMO: extracorporeal membrane oxygenation, ARDS: Acute
Respiratory Distress Syndrome, FiO2: oxygenation, ABG: arterial blood gasses

- Process of liberation from veno-venous ECMO. peek end expiratory, Pplat: plateau pressure,
ECMO: extracorporeal membrane oxygenation, ARDS: Acute Respiratory Distress Syndrome,
FiO2: oxygenation, IBW: ideal body weight, RSC; respiratory system compliance, H: hours, ABG:
arterial blood gasses, CXR: chest x-ray, PEEP: peek end expiratory pressure

This stage starts after improvement of lung function and reversal of the primary disease. This is
usually assessed by: i) Improvement of CXR (not mandatory), ii) Improvement of lung compliance
and gas exchange while on ECMO, evident by: a) Improvement of tidal volume (Vt) on fixed
pressure control settings and b) Reduction of ECMO support in terms of sweep gas reduction and
FiO 2 requirement. 30

Stage II is defined as the process of gradually decreasing total ECMO support to remove
mechanical heart/lung support from the patient. Weaning trials off ECMO should take place on
moderate ventilator settings to allow escalation in case of deterioration after decannulation of
ECMO. In stage II, advancement from lung rest to a lung protective strategy to provide safe
mechanical ventilator settings on ECMO support is better to be defined as: i) FiO 2 <50%, ii)
Positive end-expiratory pressure ≤10, iii) Vt 6-8 mL/kg for ideal body weight (IBW) to keep peak
inspiratory pressure <30 and plateau <25, iv) RR (respiratory rate) <28 bpm to obtain mechanical
ventilation ~100 mL/kg, v) Acceptable arterial blood gases (ABG) on decremental ECMO support:
pH >7.3, PaO 2 >60 mm Hg, PaCO 2 ≤60 mmHg (providing pH >7.3). vi) Compliance is stable or
improving preferably > 0.5 mL/kg IBW. Adjust sedation to allow spontaneous breathing. 29

If the above parameters are satisfied, the sweep gas flow is reduced in steps to 1-2 L/min sweep,
while FiO 2 is maintained at 50%. The pCO 2 should be ≤60 mmHg with normal pH (7.35-7.45).
Please note that for respiratory VV ECMO, the ECMO circuit blood flow does not need to be
decreased or adjusted while attempting weaning from VV ECMO.

Defined as temporary cessation of ECMO support (sweep turned off: 0 L/min on VV ECMO) as a
test for native lung recovery prior to decannulation. Turn off oxygenator sweep gas flow; maintain
ECMO blood flow. Over 6 h, if gas exchange, respiratory mechanics, and hemodynamic
parameters are acceptable, stop heparin infusion, then proceed for decannulation and discontinuing
ECMO. In this stage, sweep gas flow is reduced in steps to 1-2 L/min; sweep FiO 2 is maintained at
100%. The pCO 2 should be ≤60 mmHg with normal pH (7.35-7.45). Extracorporeal membrane
oxygenation circuit blood flow does not need to be adjusted or changed while attempting weaning
from VV ECMO. 31

Defined as removing the access and drainage cannulas and stopping ECMO support. Follow-up 24
h for possible bleeding from cannula sites. It is highly recommended to rule out any possible deep
venous thrombosis (DVT) 48 hours post-decannulation. Some centers prefer to resume therapeutic
anticoagulants after decannulation for 48 hours to avoid the development of DVT at the cannulation
sites and to avoid pulmonary embolism (PE). Formal assessment of the status of the cannulated
vessels (VV ECMO, veins; VA ECMO, vein and artery) using Doppler US should be carried out
within 48-72 hours after decannulation. Decannulation is usually performed in the ICU at the
bedside unless there is a need for vascular access repair or difficulty of removal that requires
surgical intervention. 32 In a special situation: Forced premature ECMO liberation on safe high
ventilator settings may be required when the patient develops complications that require urgent
ECMO discontinuation (such as, massive bleeding). This should be performed in consultation with
the ECMO consultant, and a second opinion is always advised (such as, another ECMO consultant
or the command center lead).



Several common scenarios can be encountered during the patient run on ECMO. Some of them are
related to the patient and some of them are related to the machine. The medical team must be
prepared to deal with these issues (Appendix A).

Since the start of the COVID-19 pandemic in Wuhan, China, in early 2020, the SCCS has been
actively monitoring and evaluating the situation across the globe since the World Health
Organization (WHO) announced the emergence of the novel coronavirus. 33 , 34 On March 2,
2020, the MOH announced the first confirmed case of COVID-19 in Saudi Arabia. 35 Since then,
the SCCS has been actively involved in developing several scientific statements and customized
guidelines by local experts based on up-to-date information to aid health care practitioners. 36

Early in the pandemic, Ramanathan et al 37 encouraged that health care systems should make
appropriate plans in the anticipation of the need for ECMO in patients with COVID-19 SARS-CoV.
As ELSO is the scientific body and world leading group in managing patients with ECMO, they have
released a consciences with the title “A Consensus Document from an International Group of
Interdisciplinary Extracorporeal Membrane Oxygenation Providers” that have been published the
American Society for Artificial Internal Organs (ASAIO) journal. 38 The main message is that the
delivery of ECMO should be based on the healthcare system ability to maintain this finite and
resource intensive modality without compromising other resources. The consciences paper working
group have strongly discouraged the initiation of a new ECMO center during the COVID-19
pandemic for the treatment of patients with SARS-CoV. In a study by Barbaro et al, 39 1035
patients from 213 hospitals across the globe who received ECMO for COVID-19 ARDS. Ninety
days mortality for this cohort was approximately 37%. A study conducted in Paris-Sorbonne
University Hospital Network, France in a health network with an expert ECMO group had similar
results. 40

On April 9, 2020, the Saudi ECLS chapter, which is under the SCCS, released a statement paper
for managing patients with ARDS due to COVID-19 (Appendix, Figure A 6 ). This statement was
quite conservative because, at that time, there was insufficient scientific evidence on the support of
patients with ARDS secondary to COVID-19, yet the chapter members felt that some groups of
patients might benefit from ECMO, and at the same time it would allow evaluation of the available
but limited ECMO resources in the country (including: the number of centers, machines, supply,
cannulas, and trained medical personal). With better understanding of the pathophysiology of
ARDS in patients with COVID-19, especially patients who would require ECMO, the Saudi ECLS
chapter released a second version of the statement with more liberal patient selection criteria
(Appendix, Figure A 7 ).

An ECMO hotline has been created under the umbrella of the MOH command and control center.
The main objective of the ECMO hotline is to connect critical care providers to local ECMO experts
and to facilitate the management of patients who could benefit from ECMO support. To date, more
than 180 patients have been supported with several forms of ECMO (with >95% supported with VV
ECMO) (Source: MOH ECMO Supervisor, Dr. M H Azzam).

The authors would like to thank Cambridge Proofreading Worldwide LLC ( https://proofreading.org )
for English language editing.

Disclosure. This document is mainly intended to be a general guide for the safe application of
extracorporeal life support (ECLS) in critically ill patients with Acute Respiratory Distress Syndrome
(ARDS) and was written by experts in the field.

A guidance document should not be considered by no means a standard of care. It will be revised
at regular intervals as new evidence emerges.

The main goal of this guidance document is to serve as an educational tool to be used as a building
block for physicians and other health professionals managing patients with the ARDS who will



require extracorporeal membrane oxygenation.

This guidance document should not be a substitute of clinical judgment.

In no event will ECLS-SCCS be liable for any decision made or action taken in reliance upon the
information provided through this guidance document.
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The Eastern Cooperative Oncology Group (ECOG) general performance scale was developed to
assess how a patient’s disease (mainly cancer) is progressing, and the impact of the disease on the
ability to perform normal activities of daily living. It is usually used to determine appropriate
treatment and aid rough estimation of a prognosis.

A common phenomenon that occurs when excessive negative pressure by the pump causes the
vessel wall to collapse over the cannula tip. This leads to interrupted pump flow that may stop the
flow in some cases. This condition should be treated immediately to avoid severe hemolysis with
unfavorable sequelae.

- Variable flow on veno-venous extracorporeal membrane oxygenation (ECMO).

Low flow, venous negative pressure alarm, or fluctuation of pump flow are possible signs of venous
insufficiency. Patient SpO2 may decrease (Table A 1 ).

If the pump suddenly stops, the medical team should call for help. Then start by clamping the
ECMO lines and transfer the circuit to the replacement emergency pump driver; plug into battery
power. Focus on resuscitating the patient by increasing mechanical ventilator parameters (FiO2 of
100%, increase respiratory rate, manual ventilation, so on). When the circuit is connected to the
functional pump, increase the RPMs to previous setting.

- Pump failure. VV: veno-venous, VA: veno-arterial, ECMO: extracorporeal membrane oxygenation,
ICU: intensive care unit, ACLS: advanced cardiac life support

Several predictors and indicators can highlight an impending oxygenator failure: ↑ pCO2, ↓pO2,
↓patient O 2 % saturation, Increase in transmembrane pressure and the presence of plasma or
blood leakage from gas outlet. This can be confirmed by doing a pre- and post-oxygenator blood
gases. If the PO2 is not increasing appropriately based on the FiO2 supply, then oxygenator failure
should be suspected.

In case of an oxygenator failure, the management should focus on increase sweep and FiO2 then
call perfusionist. Ventilate the patient and maintain cardiac output. If no improvement or patient is
deteriorating, then an Urgent ECLS team callout should be carried out and the membrane should
be changed.

- Possible causes of oxygenator failure.

Low extracorporeal membrane oxygenation blood flow

In the scenario of a circuit rupture, the ECMO lines should be Clamp the lines before and after the
breach. Manage the patient as per advanced cardiac life support (ACLS). And an urgent ECLS
team call-out should be carried out.

- Circuit rupture. VV: veno-venous, VA: veno-arterial, ECMO: extracorporeal membrane
oxygenation, ICU: intensive care unit, ACLS: advanced cardiac life support

In case of an accidental decannulation, the ECMO lines should be clamped and the site of cannula
on the patient should be compressed. Manage the patient as per ACLS. An Urgent ECLS team
callout.



- Accidental decannulation VV: veno-venous, VA: veno-arterial, ECMO: extracorporeal membrane
oxygenation, ICU: intensive care unit, ACLS: advanced cardiac life support

In the scenario of an air embolism, the ECMO lines should be clamped and Switch off the ECMO.
The patient should be managed as per ACLS. An urgent ECLS team callout.

- Accidental decannulation VV: veno-venous, VA: veno-arterial, ECMO: extracorporeal membrane
oxygenation, ICU: intensive care unit, ACLS: advanced cardiac life support

- The first Saudi extracorporeal life support (ECLS) chapter statement for extracorporeal membrane
oxygenation (ECMO) support in COVID-19 patients, released April 9, 2020.

- The second Saudi extracorporeal life support (ECLS) chapter statement for extracorporeal
membrane oxygenation (ECMO) support in COVID-19 patients, released May 1, 2020.


