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Abstract

The maternal and fetal mortality rate in unstable pulmonary embolisms accompanied by obstructive cardiac shock is approximately 30%.
An intervention aimed at the pulmonary clot is essential under these conditions. There are various ways of removing this clot from the
pulmonary arteries, including thrombolytic administration, percutaneous catheter-based thrombectomy, and direct surgical clot removal.
These procedures all have advantages and disadvantages. Increasing use is being made of extracorporeal membrane oxygenation (ECMO) as a
means of reducing these risks to a minimum. There are studies recommending ECMO together with thrombolysis or surgical thrombectomy.
However, which study is superior to another is unclear. The purpose of the present study was, therefore, to assess the benefits and risks of
ECMO use in pregnant patients with pulmonary embolism and to endeavor to produce a new algorithm.
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INTRODUCTION

Although pulmonary embolism is seen in between 1/1000 and
1/3000 pregnancies, it is responsible for 5% of all mother and
baby deaths. The maternal and fetal mortality rate in unstable
pulmonary embolisms accompanied by obstructive cardiac
shock is approximately 30%. An intervention aimed at the
pulmonary clot is essential under these conditions (1-3). There
are various ways of removing this clot from the pulmonary
arteries, including thrombolytic administration, percutaneous
catheter-based thrombectomy, and direct surgical clot removal.
These procedures all have advantages and disadvantages.
Separate advice exists for each procedure in pregnant women.
Studies have reported that thrombolytic administration
increases the risk of bleeding. The peripartum and postpartum
risks of bleeding differ. Case reports have shown an increased
risk of bleeding following administration of thrombolysis to
patients scheduled for cesarean delivery in particular (4-6).

Catheter-based thrombectomy of surgical thrombectomy can
be performed in patients in whom thrombolysis is thought
to be impossible or high-risk. Increasing use is being made of
extracorporeal membrane oxygenation (ECMO) as a means
of reducing these risks to a minimum. There are studies
recommending ECMO together with thrombolysis or surgical
thrombectomy. However, which study is superior to another is
unclear. Considering maternal and fetal complications, there
exists no specific algorithm concerning whether thrombolysis
or thrombectomy should be performed before or during ECMO.
At the same time, the literature consists solely of case reports,
and there are no clinical studies involving large numbers of
patients. Although there is one systematic review study of the
management of pulmonary embolism in pregnant women, no
studies have investigated ECMO use by itself (7). The purpose of
the present study was, therefore, to assess the benefits and risks
of ECMO use in pregnant patients with pulmonary embolism
and to endeavor to produce a new algorithm.
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ECMO use has increased markedly in recent years. Despite
being an invasive method, frequent reports of clinical success
have encouraged interest in its use. Mechanical ventilation and
conservative fluid therapy are available to protect the lung in
the traditional treatment of Acute Respiratory Distress syndrome
(ARDS). ECMO is used to protect against the deleterious effects
of the ventilator in refractory cases incapable of treatment. It
provides temporary respiratory support until the lung damage
resolves (by providing a period of “lung rest”) (8). When the
patient receives ECMO support, the clinician can lower both tidal
volume and high oxygen concentrations fraction of inspired
oxygen. The important thing is that the underlying disease in the
patient scheduled for ECMO should be reversible (9). Two main
methods are currently employed in clinical practice, and these
are briefly discussed below.

Veno-Venous (VV) ECMO

The decision concerning when a patient should receive ECMO
is complex. VV-ECMO should not be used in every patient with
ARDS, and the fact it delays ‘rescue therapies’ in the course of the
disease may limit its benefits. Patients indicated for VV-ECMO are
shown in Table 1, but none of these represent absolute criteria.
Experience clinicians must individualize patient selection (10).

In the application of ECMO, the majority of modern units
employ a dual lumen cannula inserted inside the right jugular
vein. One distal and one proximal lumen (both constituting a
“drainage lumen”) drain blood into the extracorporeal circuit
from the inferior and superior vena cava. Oxygenated blood
is subsequently returned from a second lumen (in the same
cannula, in the middle of the catheter), through which the blood
flows into the right atrium and then into the right ventricle
(facing the tricuspid valve). The location and position of the
cannula must be confirmed using echocardiography in order
to avoid malpositioning. Blood flows in the circuit through an
oxygenator and a temperature regulator that warms the blood
before returning to the body. Oxygenation is set with a blood
flow rate in the circuit (generally between 3 and 4 L/min) and an
oxygen fraction generally set at 1.0 (100%). Clean air and oxygen
are mixed through a semi-porous membrane in a mixer before
the gas is exposed to blood. Carbon dioxide (CO,) removal is

independent of blood flow (11). Since both inflammatory and
clotting systems are activated by contact with the ECMO circuit,
fractionated heparin anticoagulation is generally required to
prevent clotting (12). At the same time, other interventions, such
as aggressive diuresis and antibiotics (in case of sepsis), must
be provided in order to optimize pulmonary functions. ECMO
can easily be stopped once lung functions improve. When this
happens, blood flows easily from the circuit, but no gas exchange
takes place. If sufficient oxygenation and ventilation are achieved
after a few hours’ observation, the cannula can then be removed.
Unsurprisingly, therapeutic evidence in the pregnant population
is very limited. The use of VV-ECMO in the treatment of severe
ARDS during pregnancy and postnatally first appeared in the
H1N1 epidemic of 2009. Observational data showed that ECMO
might be beneficial in pregnant patients with ARDS secondary to
H1N1 infection. One recent meta-analysis concluded that there
isa 75% survival rate in pregnant patients receiving VV-ECMO for
ARDS secondary to HIN1. However, there are no data comparing
ECMO with respiration preserving mechanical ventilation in the
same patient group. To summarize, there are no data supporting
the usefulness of VV-ECMO for severe ARDS in any sub-population
(13-16).

Veno-Arterial (VA) ECMO

VA-ECMO can provide support in patients with both respiratory
distress and severe cardiac problems. These indications may be
listed as cardiac arrest due to reversible causes (such as drug
intoxications), refractory cardiogenic shock (such as peripartum
cardiomyopathy and myocardial infarction), cardiopulmonary
bypass failure, or pulmonary embolism (17). The precipitating
factor should be reversible in deciding on whether pregnant
patients are suitable for VA-ECMO (Table 2).

In clinical practice, peripheral cannulation is more widely
employed for VA-ECMO. Venous blood is generally drained via
a cannula inserted in the femoral vein, and the flow is diverted
to the EC<O circuit. Similarly to VV-ECMO, CO, removal depends
on the sweep gas flow and oxygenation pump flow set by the
operator. Oxygenated blood obtained from the venous system
is most commonly transferred to the arterial system through
a catheter installed in the femoral artery. This permits blood
oxygenation (Figure 1) (18,19).

Table 1. Probable indications for gestational and postpartum VV-ECMO support

Severe (but potentially reversible) respiratory failure

Severe respiratory acidosis and hypercapnia despite respiratory rate increasing to 35/minute with mechanical ventilation

Fi0,>0.9 and PEEP =10 cm H,0 and a Pa0,/FiO, ration less than 100 despite ventilator support and the use of normal support techniques

VV: Veno-venous, ECMO: Extracorporeal membrane oxygenation, FiO,: Fraction of inspired oxygen PEEP: Positive end expiratory pressure, PaO,: Partial oxygen pressure
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Appropriate keywords were scanned up to 31 December
2019, in English on PubMed, Clinical Key/Elsevier, EBSCO
Discovery Service, MD Consult Science Direct, Scopus, EMBASE,
Medscape, and Google Scholar electronic search engines for
data collection. The search criteria involved the keywords
“pregnancy”, “pregnancy and
“ECMO”, and “pregnancy-pulmonary embolism and ECMO”.
Publications in languages other than English were not
included in this study. We detected 2819 studies using the
keywords pregnancy and pulmonary embolism published
between 1947 and 2020. These consisted of 575 review studies,
four book chapters, 34 clinical studies, 14 meta-analysis, and

pulmonary embolism”,

11 randomized controlled studies. The remainders were
other types of publications, particularly case reports. When
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Figure 1. Demonstration of extracorporeal membrane oxygenation

we added ECMO to the keywords pregnancy and pulmonary
embolism, the number of studies identified declined to
21. One, a case report, described a 27-year-old woman with
uterine arteriovenous malformation, and since the patient was
not pregnant, the publication was not included in this study
(20). Another publication concerned a patient initially thought
to have pulmonary embolism but subsequently diagnosed
with pre-eclampsia and undergoing ECMO. That report was
also excluded from the present study (21). Another case report
involving peripartum heart failure and ECMO application
was also excluded (22). One of the publications we identified
concerned a case report of respiratory insufficiency developing
after influence, and another concerned ECMO us in a pregnant
patient developing acute lung damage. Another case report
concerned a pregnant woman with amniotic fluid embolism.
There were also four review studies. All these concerned the
use of ECMO in respiratory insufficiency in pregnant women,
and one also concerned pulmonary embolism and ECMO use
in pregnancy (7,23,24).

Once all these publications had been excluded, we identified
nine case reports compatible with the scope of our review.
These case reports involved ten patients. The number of cases
was very small, and we, therefore, deepened our research to
examine the content of cases of pulmonary embolism and
pregnancy in greater detail. The reviews were examined in
terms of content. Three pulmonary embolisms were identified
in patients undergoing ECMO due to respiratory insufficiency.
Examination of the references to these pulmonary embolism
cases showed that they were the same as the cases included
in our study. The references of the case reports included in
our study were then examined, and no different cases were
encountered.

The case reports included in our study were examined, and
patients’ ages, time of ECMO application (peripartum or
postpartum), gestational weeks, anticoagulation applied before
ECMO, and thrombolytic conditions or thrombectomy were
recorded. Mother and baby survival was also recorded.

Table 2. Probable indications for gestational and postpartum VA-ECMO support

Peripartum cardiomyopathy-related refractory left ventricular failure, myocardial infarction, myocarditis

Drug intoxication requiring prolonged cardiopulmonary resuscitation

Refractory right or left ventricular failure in cases of suspected amniotic fluid embolism

Cardiopulmonary bypass failure following heart surgery

Massive pulmonary embolism with refractory failure in the right ventricle

Prolonged cardiopulmonary resuscitation due to a potentially reversible cause

VA: Veno-arterial, ECMO: Extracorporeal membrane oxygenation
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Only nine of the 2891 publications identified could be included
in our study. These nine case reports involved a total of 10
patients. The pregnant women in the nine case reports were
aged between 21 and 37 years. Six were in the third trimester
of pregnancy, three in the second, and one in the first. A
cardiopulmonary arrest occurred in the emergency department
in seven pregnant women, and acute right heart failure-related
shock in three. VA-ECMO was applied in all patients, except
for one. However, due to the development of Compartment
syndrome associated with bleeding in the upper extremity,
VV-ECMO had to be performed subsequently on two patients.
Four patients underwent thrombectomy, and four received
thrombolytic. Cather-directed thrombolysis was administered to
one of the patients. Only one patient received ECMO together
with unfractionated heparin. Anticoagulant therapy was only
not administered to one of the patients. That patient received
thrombolysis with tenecteplase, and ECMO was performed. Five
patients received heparin for anticoagulation, and four received
low molecular weight heparin. Almost all patients underwent an
emergency cesarean section. Abortion was performed on one
patient in the first trimester and another in the second (Table 3).

Vaginal, tracheal, and intra-abdominal bleeding occurred
in three patients receiving thrombolysis before the cesarean
section. Compartment syndrome associated with bleeding in
the radial artery subjected to catheterization also occurred
in one of these patients. Acute kidney failure associated with
intra-abdominal bleeding occurred in one of the two patients

receiving thrombolysis immediately after cesarean section, while
thrombosis in the femoral vein subjected to catheterization and
Compartment syndrome associated with bleeding in the radial
artery developed in the other (Table 4).

Vaginal bleeding, tracheal bleeding, uterine artery hemorrhage,
and acute kidney failure developed as complications in three
of the four patients undergoing thrombectomy following a
cesarean. However, three of these had also previously undergone
thrombolysis. One patient underwent thrombectomy only, and
no complication developed. ECMO was applied for at least 60
hours and a maximum of seven days (Table 4). All patients were
discharged. Only two patients were discharged with neurological
sequelae, while the others were all discharged in a healthy
condition. (25-32)

DISCUSSION

Our detailed examination of the literature revealed nine cases
of pulmonary embolism undergoing ECMO. No maternal
death was reported in these cases. Two baby deaths occurred
in pregnancy. The fact that all patients receiving ECMO,
irrespective of thrombolysis or thrombectomy, appears to
show that ECMO is a good method in pregnant patients
with pulmonary embolism. The presence of postpartum
hemorrhages in our patients receiving thrombolysis may
encourage ECMO to be used together with percutaneous
or surgical thrombectomy. This technique may be suitable
for avoiding massive postpartum bleeding associated with

Table 3. Characteristics and outcomes, stratified by treatment modalities

VA | VV | Thrombectomy | Thrombolysis Anticoagulant C/S Arrest/ Shock

Arlt et al. (25) + - + Tenecteplase (1000 1U) | - + Shock after Arrest
Weinbergetal. (26) |+ - + Catheter-directed Enoxaparin + Shock

thrombolysis

(urokinase 300,000 I1U)
Leeper et al. (27) - + |- Alteplase (tPA) Heparin + Arrest
Ho et al. (28) + - + Heparin Shock
Fernandes et al. (29) | + - - Tenecteplase (1000 IU) | Heparin Arrest
Chungetal. (17) + - + Heparin + Arrest
Bataillard et al. (30) | + - - Unfractionated heparin | + Shock

Tinzaparin
- - - Arrest

McDonald et al. 31) | + - - Tenecteplase (50 mg) Heparin + Arrest
Takacs et al. (32) + - - Enoxaparin - Arrest

VA: Veno-arterial, VV: Veno-venous
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thrombolysis, particularly after delivery. No complications
occurred in the three patients not receiving thrombolysis
in this review. ECMO was applied in one of these patients
following catheter-directed thrombectomy. Chung et al. (17)
applied ECMO after thrombectomy in their case reports,
and subsequently administered heparin infusion. They
suggested that major complications such as hemorrhage
could be avoided with this method. Martilotti et al. (7)
made a similar suggestion in their systematic review.
Those authors determined a survival rate of 93.8% in 36
pregnant patients undergoing surgical thrombectomy due
to pulmonary embolism. They detected major bleeding in
only seven of these patients and reported that this was a
thrombectomy complication. Although our data are very
limited, the use of ECMO together with thrombectomy can
improve survival in pregnant patients. All patients receiving
thrombolysis were individuals with cardiopulmonary arrest.
Tenecteplase was given to all these patients. According to the
2015 cardiopulmonary resuscitation algorithm, thrombolysis
should be administered if pulmonary embolism is suspected
in pregnant women with cardiopulmonary arrest (33). This
may be the main reason for thrombolysis being given to these
patients. Despite the limited number of patients, our findings
also show that thrombolytic therapy should be administered if
cardiopulmonary arrest associated with pulmonary embolism
occurs in a pregnant woman. If there is no arrest, but findings
of acute right heart failure are present, then percutaneous or
surgical thrombectomy represents a good option.

VV-ECMO is more used in respiratory failure in pregnant patients.
Moore et al. (11) investigated ECMO use in pregnant patients
and found that VA-ECMO was applied to only four out of 45
patients. They determined general maternal and fetal survival
rates of 77.8% with VV-ECMO and 65% with VA-ECMO. Based on
these data, they suggested that VV-ECMO was superior. That
study contains no definitive information concerning pulmonary
embolism-related ECMO use. In the present review, VV-ECMO
was applied to only one patient. This was then switched to VA-
ECMO to increase cardiac support once spontaneous circulation
had been established. Our findings directly contradict Moore
et al. (11) suggestion. This is because Moore et al. (11) study
contained no pulmonary embolism patients, while the present
review considered only pregnant patients with pulmonary
embolism. Based on our existing data, we may conclude that VA-
ECMO is more beneficial in pregnant patients with pulmonary
embolism. Bleeding and associated Compartment syndrome
occurred around the radial artery in two patients undergoing
VA-ECMO. Artery selection was modified to the subclavian artery
in these patients. This bleeding may be due to thrombolysis or
anticoagulant use. Care must be taken in terms of Compartment
syndrome development during ECMO with peripheral vein and
artery cannulation. Such complications have been seen less
frequently in recent years since the biocompatibility of ECMO
has been enhanced (34).

There are several strengths to this review. In particular, we
investigated several databases and examined all the review
studies we encountered. We then investigated pregnant women

Table 4. Baseline characteristics of the 10 cases

Age | Time of thrombolysis | Time of Number of days | Complication Did the | Trimester
thrombectomy | of application baby
survive
Arlt et al. (25) 27 Before cesarean After cesarean | 4 days Vaginal and tracheal Yes 3
bleeding
Weinberg et al. (26) | 27 After cesarean After cesarean | 4 days Acute renal failure Yes 2
Leeper et al. (27) 30 Before cesarean - 60 h Vaginal bleeding Yes 3
Ho et al. (28) 37 After cesarean | 6 days Uterine artery bleeding Yes 3
Fernandes et al. (29) | 30 Before cesarean - 4 days Intra-abdominal bleeding Yes 3
and Compartment syndrome
in the arm
Chungetal. (17) 29 After cesarean | 2 days Yes
Bataillard et al. (30) | 35 - - 4 days Yes
26 - - 4 days No
McDonald et al. (31) | 22 After cesarean - 5 days Deep vein thrombosis, Yes 3
Compartment syndrome in
the arm
Takacs et al. (32) 21 - - 7 days Disseminated intravascular No 2
coagulation
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with pulmonary embolism from these reviews. We also checked
the references of all the texts we were able to access.

Based on our findings, all patients survived, and no mortality
occurred in any case. This also suggested that the case reports
might have been biased. The absence of mortality among
pregnant women with pulmonary embolism undergoing ECMO
may derive from the author thinking that the report would not
be capable of publication in any journal. This may be due to
false high survival rates. Studies involving large case numbers in
a clinic where the procedure is performed will be instructive for
the future.

CONCLUSION

In conclusion, although we were unable to produce a definite
algorithm with the very low patient number involved, we can
list the procedures performed. When pulmonary embolism
is suspected in pregnant patients, the presence or absence
of cardiopulmonary arrest or acute right heart failure must
be investigated. Thrombolysis appears beneficial during
cardiopulmonary resuscitation in arrest patients. Emergency
cesarean surgery must also be performed to avoid fetal
mortality. ECMO must be performed once these procedures
have been carried out. VA-ECMO appears to be a preferable
option. Care must also be taken over the side effects of
thrombolytic drugs in these patients. The duration of ECMO
ranges between 60 hour and seven days, the essential factor
being the complete disappearance of findings of right
heart failure. Surgical or percutaneous thrombectomy may
be beneficial in all patients. The best means of reducing
bleeding complications appears to be ECMO together with
thrombectomy. The best way of supporting all our conclusions
will be through future studies involving more patients in this
group undergoing ECMO.
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