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Abstract

This paper presents a pregnant woman successfully rescued in cardiac arrest (CA) using extracorporeal cardiopulmonary
resuscitation (ECPR) for up to 5.5 hours. We reviewed the literature on the use of ECPR during pregnancy. Published data
suggest that extracorporeal membrane oxygenation (ECMO) appears to be a viable treatment option for pregnant women who

have experienced critical situations, such as a maternal CA or an amniotic fluid embolism.

1. Introduction

Cardiac arrest (CA) in pregnant women is a rare event with an incidence of approximately 1 in 12,000
cases; however, the mortality rate is exceptionally high, and it represents an urgent problem in obstetrics
and gynecology.!'l Maternal CA can occur during the perinatal or postpartum periods of pregnancy. CA’s
leading causes are massive hemorrhage, amniotic fluid embolism, acute pulmonary embolism (PE), heart
failure, and anesthesia-related complications.[> 3 When CA occurs, rapid intervention and high-quality
cardiopulmonary resuscitation (CPR) are the basic rescue measures.[* 1 However, in about one-third of
pregnant women, basic life support is ineffective or the restoration of spontaneous circulation (ROSC) is
not achieved.l) When such circumstances arise, extracorporeal membrane oxygenation (ECMO) should be
considered to gain treatment time.[?> 8!

As a “bridge,” ECMO is a convenient technology that can quickly establish and provide effective cardiopul-
monary support.[¥) ECMO plays an essential role in the field of refractory CA.['% 11l There are few reports
on ECMO use in pregnant women who have experienced CA, and even fewer reports on the long-term effects
of extracorporeal cardiopulmonary resuscitation (ECPR) rescue of pregnant women. This paper presents
a case study of a pregnant woman who underwent CPR for an extended period, but after no response, it
was administered ECPR, which successfully resuscitated her (the patient’s family’s informed consent was
obtained). It also reviews 9 cases of pregnant women who were resuscitated via ECPR after CA. The effects
of ECPR in critically pregnant women are summarized, and suggestions for clinical treatment are provided.

2. Case presentation

A 3l-year-old woman (weight 41 kg, gravida 6,para 1, G6P1) was admitted to a local hospital on May 25,
2019. At admission, the woman was 34 weeks pregnant, and had a temperature of 37.4. An electrocardiogram
showed sinus tachycardia. The patient had a heart rate (HR) of 114 beats/min and her blood pressure
(BP) was 103/53 mm Hg. Two days after admission, the pregnant woman developed shortness of breath
(breathing rate: 30 beats/min), accompanied by a cough with sputum and oxygen saturation (SPO2) of
88.0%. After oxygen inhalation treatment, the patient’s SPO2 was 93%. However, her shortness of breath



did not improve. At 6:20 PM on May 28, 2019, the pregnant woman’s condition deteriorated, and she was
placed in a semi recumbent position. She was treated with continuous high-flow oxygen inhalation. Mild
cyanosis was observed on her lips. An examination showed reduced breathing sounds in the lungs, an HR of
106 beats/min and a BP of 105 /64 mmHg, while irregular uterine contractions were observed on the fetal
monitor. Based on these symptoms, the patient was diagnosed with cardiac dysfunction.

At 7:30 PM, maternal-fetal HR monitoring showed late deceleration, and fetal distress was considered. To
rescue the fetus, the pregnant woman signed and agreed to undergo a cesarean section. The baby had an
appearance, pulse, grimace, activity, and respiration (APGAR) score of 8 one minute after delivery, and
a score of ten some 5 minutes later. After the operation, the patient was sent to the intensive care unit
(ICU) for treatment. In the ICU, the patient experienced hypoxia and hypotension. The patient received
mechanical ventilation and vasoactive drugs to maintain BP. A large amount of pink foamy sputum was
present during sputum suction. and acute heart failure was considered. The cardiac color Doppler ultrasound
examination results revealed left heart enlargement, left ventricular systolic insufficiency, moderate mitral
valve insufficiency, and an ejection fraction (EF) of 43%, but showed no right heart dilation or pulmonary
artery blood clots.

At 7:25 AM on May 30, 2019, the patient experienced CA. In an early stage of resuscitation, the patient
had repeated ventricular pulseless electrical activities. Throughout 2 hours of CPR, after repeated electrical
defibrillation, an intravenous injection of epinephrine, lidocaine, and atropine, and volume expansion therapy,
ROSC could not be achieved. As an ECMO machine was not available at the hospital or anywhere nearby, the
doctor contacted our ECMO team and requested an emergency rescue. The distance between the 2 hospitals
was more than 100 kilometers. Our ECMO team assembled immediately after receiving the request and
arrived at the patient’s hospital in approximately 2 hours.

The ECMO procedure was initiated immediately after the patient’s family signed an informed consent form.
CPR was continued, a cannulation via the femoral vessels was performed (using a 17 Fr arterial cannula
and 19 Fr venous cannula; Medtronic, USA),and a 7Fr distal perfusion cannula (DPC) was placed. After
42 minutes, with the help of our ECMO center team,ECMO was carried out and the initial blood flows were
set to 3 L/min. CPR has been carried out for five hours. The patient resumed ROSC about 30 minutes
after starting the ECMO treatment and had an invasive BP of 79/77 mmHg. An analysis of the patient’s
blood gas (BG) showed that the patient had a pH of 7.38, Base excess(BE) of 5.1 mmol/L, Bicarbonate
standard(HCO03 std) of 28.7 mmol/L, Bicarbonate(HC03" ) of 30.2 mmol/L, and lactate(Lac) > 15 mmol/L.
A cardiac color Doppler ultrasound showed that her left ventricular ejection fraction (LVEF) was 16%,
which indicated that the patient had developed severe cardiac dysfunction. A right femoral artery intra-
aortic balloon pump (IABP) was placed to aid heart function. A continuous renal replacement therapy
circuit was connected to the ECMO treatment to adjust the internal environment. Heparin was used for
systemic anticoagulation to prevent thrombosis. Figure 1-2 shows the patient’s cardiac ultrasound results
at different stages of treatment.

Due to the patient’s unstable condition, her family did not agree to her being transferred to our hospital.
Thus, the patient continued to be treated at the hospital to which she had been admitted. On May 31,
the patient showed an eye-opening reaction. A neurological assessment reveled that both sides of her pupils
were equal in size and sensitive to light reflection; the patient nodded to calls. Based on these reactions, the
patient was thought to be recovering consciousness. However, when the sedative was stopped on June 5, the
patient was in a coma and was suspected of having brain complications. Concerned about the risks associated
with patient in-hospital transfer and due to inexperience, the medical staff failed to reach a consensus on
whether emergency cranial computerized tomography (CT) scans should be taken. During the following
days of treatment, the patient’s heart function recovered. On June 8, the patient’s left ventricular function
improved and her LVEF was 35%. She had an invasive BP of 100/77 mmHg, and her BG results were
satisfactory. Based on the above evaluation results, ECMO treatment was withdrawn on the ninth day.

After the ECMO treatment was withdrawn, the patient’s pupils were conspicuously unequal in size. An
urgent cranial CT scan showed an intracranial hemorrhage (ICH) in the patient’s right frontal, occipitotem-



poral temporal lobe. The patient underwent an emergency craniotomy and decompression surgery that
night. After the operation, the patient remained in a deep coma, with a high fever, diabetes insipidus,
developed hypotension, and a life-threatening pulmonary infection. Our ECMO team recommended that
the patient undergo a craniotomy and blood clot removal. However, the local hospital did not accept this
recommendation, as the staff were concerned about the risks of surgery. The family of the patient requested
that the patient be transferred to our hospital for treatment.

The following morning, an intracranial clot was eliminated during an operation, and 5 ml of dark-red old
blood and some clots were removed from the right forehead. An extra ventricular drainage tube was placed.
After the operation, the patient was sent to the cardiac surgery ICU. After treatment, the patient’s state
of consciousness improved. The patient’s 2 pupils were equal circles with a diameter of approximately 3.5—
4.0 mm, and sensitive to light reflection. During the subsequent recovery, the patient repeatedly had a fever
and again fell into a mild coma. The cranial CT results suggested that the patient had less intracranial
hemorrhaging than before the operation; however, a midline shift was apparent, and a brain herniation
had formed. Our medical team continued to treat the patient. On June 22, the patient began to regain
consciousness. The medical team then launched a rehabilitation treatment plan. The patient had been
receiving treatment in the ICU since the onset of her illness, and her hospital stay lasted more than 50
days. On July 17, the patient’s condition reached the discharge standard. The result of a cardiac ultrasound
examination before discharge showed the patient had an EF of 35%. The patient returned to work after a
year. Figures A—C show the CT examination images of the patient at different stages of treatment. Figure
3 shows the procedure adopted in this case.

3. Literature review

bRIN14

A search of the PubMed database was conducted using the keywords “pregnant woman,” “cardiogenic shock,”
“ECMO,” “peripartum cardiomyopathy,” “extracorporeal cardiopulmonary resuscitation,” “cardiac arrest,”
and “postpartum” and 9 articles on ECPR for pregnant and lying-in women were retrieved. All of the 9
patients in the articles underwent ECPR during pregnancy and childbirth. Of these, 8 patients underwent
ECPR at hospital, and 1 underwent ECPR outside hospital.

3.1 General information

The cases of ECPR during pregnancy and childbirth were identified, and 9 literature reports were retrieved.
The patients were primiparous/menstrual women with an average age of 27.25 £ 5.19 years, and a gestational
age of 18-39 weeks. In relation to the cause of the 9 pregnant women’s CA, there were 2 cases of peripartum
cardiomyopathy, 2 cases of PE, 2 cases of amniotic fluid embolism, 1 case of spontaneous coronary artery
dissection, and 2 cases of other causes (see Table 1).

3.2 ECPR support situation

All of the pregnant women underwent CPR and conventional resuscitation after CA. If CPR and conventional
resuscitation were ineffective, an urgently ECMO for ECPR was initiated. Notably, 2 cases did not mention
the specific ECPR time (i.e., the time from CPR to ECMO activation). In the case study, the duration of
continuous recovery reached 5.5 hours. In relation to the other 9 cases, 6 cases of ECPR occurred during
the pregnancy process, and 3 cases had a sudden onset during pregnancy. In 1 case, an ECMO rescue out
of hospital was requested. Two cases occurred because of Harlequin syndrome and were converted to the
ECMO mode.

3.3 Patient outcomes

The time from CPR to ECMO ranged from 30 to 120 minutes. The average time was 69.71 £ 30.15 minutes,
and the ECMO support time was 4.79 4+ 2.03 days. Nine patients were successfully withdrawn from the ECM;
1 patient experienced 3 ECPRs, was switched to a ventricular assist device, and died of severe multiple organ
dysfunction syndrome; 2 patient had a right foot drop. Except for the patient who died, none of the patients
suffered from any central nervous system complications.



4. Discussion
4.1 CPR, ECMO, and ECPR

ECMO is an advanced form of mechanical circulatory support. It uses a centrifugal pump and a biomimetic
membrane lung system, which can provide sufficient oxygenated blood flow to the organs, along with short-
term respiratory and circulatory support. It has been clinically used to support various patients with severe
respiratory failure and circulatory failure.[?" 22 Traditional CPR can provide partial perfusion blood flow to
vital organs through manual compression and mechanical compression equipment for CA patients; however,
this physical compression method only supports minimal blood flow.[?3! In recent years, the application of
ECMO combined with CPR to treat refractory CA has attracted attention as a new model of circulatory
support, called ECPR.?!/For patients who meet the indications, a cannula is quickly inserted through the
skin or through the peripheral blood vessel to initiate ECMO support. ECPR can promptly restore the
organs’ adequate perfusion blood flow and reduce ischemic damage.[?’! ECPR also is one of the critical
technical categories in the American Heart Association Guidelines for Cardiopulmonary Resuscitation.[26!
Compared to traditional CPR, ECPR is believed to improve patients’ overall survival rate, and present a
better neurological outcome. 25 27]

ECPR represents a change to the traditional approach to CA treatment.[?3! However, it should be noted
that ECPR is a highly invasive surgery that requires sufficient resources, professional team members, and a
well-scheduled hospital system to implement a rapid and effective treatment intervention. Invasive operation
risks and ECMO-related complications are issues that must be considered in the treatment decision-making
process. Issues may arise, especially in obstetrics, such as simultaneous bleeding and the existence of a density-
indicating controller (DIC).!*l Before ECPR is initiated, a comprehensive assessment should be undertaken
and responsible decisions made.

4.2 The advantages of ECMO

Short-term mechanical circulation assists devices, such as the TABP, Impella, left ventricular assist devices,
and VA-ECMO, have become essential support methods for various refractory cardiogenic shocks.[?9: 30!
Different mechanical assist devices are used at different periods and in response to different indications.! In
obstetrics, the application of ECMO is gradually beginning to receive attention.!32! In recent years, ECMO
has been successfully used to treat pregnant women with peripartum cardiomyopathy (PPCM), PE, and
amniotic fluid embolism.[12: 16, 18]

Among them, the ECPR technology, which is dominated by VA- ECMO, gives full play to the unique ad-
vantages of ECMO in the treatment of refractory CA in obstetrics. First, ECMO is easy for professionals to
implant at the bedside, and is less affected by the surrounding environment. Second, due to advancements
in biomaterial technology, VA-ECMO can be retained for several days or several weeks. Thus, ECMO is a
superior “bridge” that assists patients to achieve treatment outcomes, including recovery, heart-lung trans-
plants, and long-term mechanical assistance, and it can also be withdrawn in the event of ineffectiveness.!?!
Third, ECMO is an easy to obtain resource. Due to medical engineering advancements, the VA-ECMO is
now quite compact and can be moved easily, and thus it is propitious at rescuing CA or shock patients.[33!
Thus, ECMO appears to be a highly feasible way to save lives when CPR is ineffective.

The case study reported in this article illustrates the advantages of ECMO. After being notified, our team
transported the ECMO equipment and consumables in an ambulance to provide remote support, and imple-
mented ECMO successfully at the local hospital ICU’s bedside. In case 5,6l an Australian tertiary obstetric
hospital treatment team also took advantage of ECMO. After the team encountered a pregnant woman with
refractory CA, the nearby extracorporeal life support (ECLS) team promptly requested support. Initially,
the nearby adult (ECLS) centers were unable to provide ECPR, a ECLS team of pediatric hospital alerted
and installed children’s ECMO tubes and membrane lungs for the patient. When the nearby adult ECLS
team arrived, it was replaced to an adult ECMO circuit to enable full-flow operation. The team made a
remarkable decision and successfully saved the patient’s life. This was also possible due to the high flexibility
of ECMO, which can provide practical circulation support in a short time.



4.3 Harlequin syndrome and the conversion of ECMO models

Commonly used ECMO modes include the veno-venous (VV)-ECMO, VA-ECMO, and veno-arteriovenous
(VAV)-ECMO. The choice of ECMO mode is related to each patient’s specific condition.* 3°/However,
various ECMO intubation methods have limitations.[*! Changes to ECMO mode should be based on a
patient’s condition during the diversion period. Such operations include brief support interruptions, air
intake, and bleeding. Changes to ECMO mode must be performed by experienced and professional medical
personnel, as it is a complex and high-risk procedure.

Harlequin syndrome (or North—South syndrome) is a common complication of peripheral femoral VA-ECMO
with severe pulmonary failure. It means the patient is at a dual circulation with poor oxygenation of the
upper body and excellent oxygenation of the lower body!3”l. The Harlequin syndrome is obvious in the early
stage of cardiac function recovery, because the blood of poor oxygenation from pulmonary was drained out
while the ECMO blood flow reinfusing into the femoral artery made differential hypoxia. This syndrome needs
to be actively managed to maintain sufficient oxygen supply to the brain and heart. Treatment strategies
include switching to VAV perfusion mode, changing the axillary artery cannulation, multiple intubations, or
changing to dual pump mode. 33 39

In cases 4 and 9, both patients developed severe acute respiratory distress syndrome (ARDS) after ECPR,
and developed Harlequin syndrome. The patients in the 2 cases were converted from VA to VAV mode . After
the patients’ heart functions recovered, the treatment mode was switched to VV model for lung therapy.
No cardio-cerebral hypoxia or intubation complications were reported in the 2 cases. At present, there is no
unified guidelines for the selection of an ECMO support mode. The correct ECMO support mode must be
selected according to the disease and situation.[3"! The safety and effectiveness of multiple ECMO conversion
treatments in different modes requires further investigation.

4.4 ECMO complications: ICH

An ICH is a severe complication of the ECMO process and is often life threatening. ICH may be caused by
a number of factors, including ECPR, sepsis, and renal failure.l4?! The duration of ECMO and heparin anti-
coagulation can also cause ICH.[*!] When ICH occurs, the recommended treatment measures are as follows:
stop anticoagulation, infuse coagulation products, treat dehydration, treat hyperventilation, and engage in
surgical intervention(s). Severe ICH requires the withdrawal of ECMO support to limit the expansion of he-
matoma and protect nervous system function.!*2 43! In the present case study, the CT scan of the patient’s
head 1 day after weaning showed massive ICH. Due to the local hospital’s limited treatment technology, a
surgery to decompress the skull was performed; however, the patient’s condition continued to deteriorate.
In these circumstances, the follow-up treatment of the patient was exceptionally challenging. Technological
issues, family members’ financial burdens, ethical aspects, and uncertainty about the patient’s condition had
to be addressed. The patient underwent craniotomy and blood clot removal. The patient ultimately recovered
after a long and comprehensive treatment period. During ECMO, ICH is a catastrophic event associated
with high mortality and poor prognosis.[*4 The surgical treatment of craniotomy after ICH also has a variety
of unpredictable risks. Medical staff should consider the risks of surgery and subsequent blood risks after an
operation.!*?l If administered to high-risk patients, routine neurological examinations, strict anticoagulation
monitoring and management, timely head imaging examinations, and “awake” ECMO are required during
the ECMO support period. ECMO treatment should be withdrawn as early as possible.

4.5 Drop foot during ECMO

Administering ECMO through peripheral blood vessels is the preferred method, as it is convenient, quick,
and only moderately traumatic. VA-ECMO often uses a femoral arteriovenous catheter bypass. However,
the incidence of vascular complications in peripheral ECMO is not uncommon.!*?! It has been reported
that the rate of peripheral vascular complications is 20-40%; this rate is closely related to the size of the
cannula.[*6: 471 Direct cannulation in blood vessels commonly causes lower limb ischemia, which may develop
due to acute compartment syndrome or limb neuropathy due to drop foot.[*!



Of the 9 identified cases, only 1 patient presented with the symptoms of right drop foot; however, the cause
and prognosis of the patient’s drop foot was not stated. Aydin!*! reported a similar situation: After installing
VA-ECMO through the right femoral artery and vein, the patient developed acute compartment syndrome
of the right lower limb, and concurrent drop foot syndrome. The patient’s nerve function test results showed
right lower limb weak muscle strength and sensory disturbance. After 2 months of treatment, the patient still
displayed physical sequelae. Limb ischemia has a negative effect on the clinical outcomes of ECMO treatment,
including survival rates.[?®l Once the symptoms of limb ischemia appear, a DPC should be inserted to reduce
complications associated with ischemia. However, there is still a lack of strong evidence of its benefits.[?!!
DPC can also be placed synchronously when installing ECMO to enable the lower limbs to get extra blood
perfusion. The initial DPC placement method is believed to reduce the incidence of limb ischemia.!?l

Theoretically, the use of side-graft cannulation for ECMO should provide adequate blood flow to the limbs.
Cannulation techniques were applied in case 4 ['5 and case 5;[*6however, this may still result in hypoperfusion
syndrome and lead to limb ischemia.?® 54 Papadopoulos et al. described a controlled technique whereby
hyper perfusion of a limb could be avoided by adjusting the angle of the side grafting to change the priority
perfusion direction of ECMO blood flow by shrinking the blood vessel distal to the graft.[5! Comprehensive
measures must be undertaken to monitor the perfusion of the limbs, and timely intervention is equally
essential. If the acute compartment syndrome is complicated, fasciotomy is also a remedy.[52: 56: 571

Fortunately, in the present case study, the patient did not present with symptoms of lower limb ischemia or
extravagant perfusion, because we placed the DPC, and selected the appropriate size of artery cannulation
(17Fr, Medtronic) based on her weight (41 kg).

4.6 Long-term ECPR

The administration of ECPR in the rescue treatment of various types of CA has rapidly increased in frequency
over the past few years. However, according to the registration data of the Extracorporeal Life Support
Organization, the overall survival rate of adult ECPR is only about 30%.158! The duration of advanced
cardiovascular life support before the start of ECPR is closely related to the survival rate. As the period of
CPR increases, the survival rate reduces. The recommended starting time for ECPR is within 60 minutes
of CPR, as the overall survival rate is less than 10% if the CPR period exceeds 60 minutes.®® A CPR
period of over 60 minutes is considered the “ECLS limit,” after which acceptable clinical outcomes will not
be achieved.”!

Currently, very little relevant data about ECPR periods are available. In the present case study, the pregnant
woman underwent CPR for a period of 5 hours before ECPR. In relation to the other identified cases, 3
patients underwent CPR for a period of over 60 minutes and survived to discharge. In other fields, it has
beenl>8lreported that a child underwent long-term ECPR of 4.5 hours successfully without any neurological
complications. In another instance,’! a 50-year-old woman who suffered from CA caused by hypothermia
was discharged from hospital with excellent neurological function and an ECPR time of 95 minutes. Thus,
the final clinical outcomes associated with long-term ECPR remain uncertain.

High-quality CPR is the cornerstone of ECPR. A lack of blood flow for a period of 5 minutes is the most crucial
prerequisite of brain resuscitation. Additionally, it is necessary to ensure sufficient personnel are available to
continuously perform high-quality chest compressions or implement mechanical compression device—assisted
recovery.l0l The administration of ECPR requires numerous resources and has high treatment risks.[%3 In
the present case study, even after a long period of ECPR, the patient survived and was discharged. When
treating young patients with curative potential, ECPR should be considered even if the CPR period is “over”
the aforementioned 60-minute period.

5. Viewpoint

Many potential high-risk factors may cause CA in pregnant women, such as PPCM, a hypercoagulable state,
PE, amniotic fluid embolism, and hemorrhaging due to significant physiology changes. Identifying high-risk
pregnant women, making emergency plans, and having ECMO on stand-by is necessary, as ECMO provides



quick support in the event of an emergency cardiovascular event, ensures a short period of low blood flow,
and improves clinical prognoses.

6. Conclusion

In the event of refractory CA in pregnant women, ECPR can be lifesaving if combined with high-quality CPR.
ECPR can provide patients with efficient cardiopulmonary support and should be considered. Additionally,
even if patients have been subject to a long period of CPR, treatment is still recommended to increase
patients’ chances of survival.

Acknowledgments

Conflicts of Interest

The authors have no potential conflicts of interest to declare.
Authors’ contributions

F. L analyzed and interpreted data, drafting the manuscript.

Y. C conceived important content and approved the manuscript.
T. F data collection and management.

Qp. X study design and developed the concept.

L. D revised the manuscript critically for important intellectual content and prepared the manuscript for
publication.

Mh. X initial revision of the manuscript.

Yk. H, Hj. P, Hj. H data statistics.

All authors read and approved the final manuscript.
Informed Consent

Written informed consent was obtained from the patient for publication of this manuscript and any accom-
panying images.

Funding

This study was supported by the Foundation of Precision and Comfortable Medical Clinical Research of
Guangdong Province Hospital Association (No. 2020-16).

Abbreviations : ECPR: extracorporeal cardiopulmonary resuscitation; ECMO: extracorporeal membrane
oxygenation; ICH: intracranial hemorrhage. *Craniotomy and decompression.

References
1. Kikuchi J, Deering S. Cardiac arrest in pregnancy. Semin Perinatol 2018;42:33-8.

2. Fischer C, Bonnet MP, Girault A, Le Ray C. Update: Focus in-hospital maternal cardiac arrest. J Gynecol
Obstet Hum Reprod 2019;48:309-14.

3. Helviz Y, Einav S. Maternal cardiac arrest. Curr Opin Anaesthesiol 2019;32:298-306.

4. Jeejeebhoy FM, Zelop CM, Lipman S, Carvalho B, Joglar J, Mhyre JM, et al. Cardiac Arrest in Pregnancy:
A Scientific Statement From the American Heart Association. Circulation 2015;132:1747-73.

5. Cobb B, Lipman S. Cardiac Arrest: Obstetric CPR/ACLS. Clin Obstet Gynecol 2017;60:425-30.

6. Zelop CM, Einav S, Mhyre JM, Lipman SS, Arafeh J, Shaw RE, et al. Characteristics and outcomes of
maternal cardiac arrest: A descriptive analysis of Get with the guidelines data. Resuscitation 2018;132:17-20.



7. Stokes N, Kikucki J. Management of Cardiac Arrest in the Pregnant Patient. Curr Treat Options Car-
diovasc Med 2018;20:57.

8. Zelop CM, Einav S, Mhyre JM, Martin S. Cardiac arrest during pregnancy: ongoing clinical conundrum.
Am J Obstet Gynecol 2018;219:52-61.

9. Guglin M, Zucker MJ, Bazan VM, Bozkurt B, El Banayosy A, Estep JD, et al. Venoarterial ECMO for
Adults: JACC Scientific Expert Panel. J Am Coll Cardiol 2019;73:698-716.

10. Hutin A, Abu-Habsa M, Burns B, Bernard S, Bellezzo J, Shinar Z, et al. Early ECPR for out-of-hospital
cardiac arrest: Best practice in 2018. Resuscitation 2018;130:44-8.

11. Han KS, Kim SJ, Lee EJ, Jung JS, Park JH, Lee SW. Experience of extracorporeal cardiopulmonary
resuscitation in a refractory cardiac arrest patient at the emergency department. Clin Cardiol 2019;42:459-66.

12. Djordjevic I, Rahmanian P, Zeriouh M, Eghbalzadeh K, Sangsari S, Merkle J, et al. Treatment of
cardiogenic shock in peripartum cardiomyopathy: Case series from a tertiary ECMO center. J Card Surg
2020;35:254-7.

13. McKechnie RS, Patel D, Eitzman DT, Rajagopalan S, Murthy TH. Spontaneous coronary artery diss-
ection in a pregnant woman. Obstet Gynecol 2001;98:899-902.

14. Smith 1J,; Gillham MJ. Fulminant peripartum cardiomyopathy rescue with extracorporeal membranous
oxygenation. Int J Obstet Anesth 2009;18:186-8.

15. Fernandes P, Allen P, Valdis M, Guo L. Successful use of extracorporeal membrane oxygenation for
pulmonary embolism, prolonged cardiac arrest, post-partum: a cannulation dilemma. Perfusion 2015;30:106-
10.

16. McDonald C, Laurie J, Janssens S, Zazulak C, Kotze P, Shekar K. Successful provision of inter-hospital
extracorporeal cardiopulmonary resuscitation for acute post-partum pulmonary embolism. Int J Obstet An-
esth 2017;30:65-8.

17. Seong GM, Kim SW, Kang HS, Kang HW. Successful extracorporeal cardiopulmonary resuscitation in
a postpartum patient with amniotic fluid embolism. J Thorac Dis 2018;10:E189-189E193.

18. Creel-Bulos C, Hassani B, Stentz MJ, Budhrani G, Daneshmand MA, Jabaley CS, et al. Extracorporeal
Membrane Oxygenation for Amniotic Fluid Embolism-Induced Cardiac Arrest in the First Trimester of
Pregnancy: A Case Report. Crit Care Explor 2020;2:0162.

19. Reiss A, Lowenstein L, Solt I, Deutsch M. Recurrent ascites due to oral contraceptives and pregnancy.
Obstet Gynecol 2006;107:499-501.

20. Goto M, Watanabe H, Ogita K, Matsuoka T. Perimortem cesarean delivery and subsequent emergency
hysterectomy: new strategy for maternal cardiac arrest. Acute Med Surg 2017;4:467-71.

21. Jenks CL, Raman L, Dalton HJ. Pediatric Extracorporeal Membrane Oxygenation. Crit Care Clin
2017:33:825-41.

22. Austin DE, Burns B, Lowe D, Cartwright B, Clarke A, Dennis M, et al. Retrieval of critically ill adults
using extracorporeal membrane oxygenation: the nine-year experience in New South Wales. Anaesth Intensive
Care 2018;46:579-88.

23. Duggal C, Weil MH, Gazmuri RJ, Tang W, Sun S, O&+#39, et al. Regional blood flow during closed-chest
cardiac resuscitation in rats. J Appl Physiol (1985) 1993;74:147-52.

24. Ocegueda-Pacheco C, Varon J. ECPR: Are we ready for primetime. Resuscitation 2016;103:A6-6A7.

25. Ambinder DI, Oberdier MT, Miklin DJ, Halperin HR. CPR and ECMO: The Next Frontier. Rambam
Maimonides Med J 2020;11.



26. Panchal AR, Berg KM, Hirsch KG, Kudenchuk PJ, Del Rios M, Cabanas JG, et al. 2019 American
Heart Association Focused Update on Advanced Cardiovascular Life Support: Use of Advanced Airways,
Vasopressors, and Extracorporeal Cardiopulmonary Resuscitation During Cardiac Arrest: An Update to the
American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation 2019;140:e881-881e894.

27. Kim SJ, Kim HJ, Lee HY, Ahn HS, Lee SW. Comparing extracorporeal cardiopulmonary resuscitation
with conventional cardiopulmonary resuscitation: A meta-analysis. Resuscitation 2016;103:106-16.

28. Kratzert WB, Gudzenko V. ECPR or Do Not ECPR-Who and How to Choose. J Cardiothorac Vasc
Anesth 2020;34:1195-7.

29. den Uil CA, Akin S, Jewbali LS, Dos Reis Miranda D, Brugts JJ, Constantinescu AA, et al. Short-term
mechanical circulatory support as a bridge to durable left ventricular assist device implantation in refractory
cardiogenic shock: a systematic review and meta-analysis. Eur J Cardiothorac Surg 2017;52:14-25.

30. Chera HH, Nagar M, Chang NL, Morales-Mangual C, Dous G, Marmur JD, et al. Overview of Impella
and mechanical devices in cardiogenic shock. Expert Rev Med Devices 2018;15:293-9.

31. Telukuntla KS, Estep JD. Acute Mechanical Circulatory Support for Cardiogenic Shock. Methodist
Debakey Cardiovasc J 2020;16:27-35.

32. Pacheco LD, Saade GR, Hankins G. Extracorporeal membrane oxygenation (ECMO) during pregnancy
and postpartum. Semin Perinatol 2018;42:21-5.

33. Betit P. Technical Advances in the Field of ECMO. Respir Care 2018;63:1162-73.

34. Laf¢ G, Budak AB, Yener AU, Cicek OF. Use of extracorporeal membrane oxygenation in adults. Heart
Lung Circ 2014;23:10-23.

35. Napp LC, Kiihn C, Hoeper MM, Vogel-Claussen J, Haverich A, Schifer A, et al. Cannulation strategies
for percutaneous extracorporeal membrane oxygenation in adults. Clin Res Cardiol 2016;105:283-96.

36. Jayaraman AL, Cormican D, Shah P, Ramakrishna H. Cannulation strategies in adult veno-arterial and
veno-venous extracorporeal membrane oxygenation: Techniques, limitations, and special considerations. Ann
Card Anaesth 2017;20:511-11S18.

37. Frenckner B, Broman M, Broomé M. Position of draining venous cannula in extracorporeal membrane
oxygenation for respiratory and respiratory /circulatory support in adult patients. Crit Care 2018;22:163.

38. Camboni D, Philip A, Schmid C, Loforte A. Double, triple and quadruple cannulation for veno-arterial
extracorporeal membrane oxygenation support: is there a limit. Ann Cardiothorac Surg 2019;8:151-9.

39. Contento C, Battisti A, Agro B, De Marco M, laiza A, Pietraforte L, et al. A novel veno-arteriovenous
extracorporeal membrane oxygenation with double pump for the treatment of Harlequin syndrome. Perfusion
2020;35:65-72.

40. Cavayas YA, Del Sorbo L, Fan E. Intracranial hemorrhage in adults on ECMO. Perfusion 2018;33:42-50.

41. Fletcher-Sandersj66 A, Thelin EP, Bartek J Jr, Broman M, Sallisalmi M, Elmi-Terander A, et al. Inci-
dence, Outcome, and Predictors of Intracranial Hemorrhage in Adult Patients on Extracorporeal Membrane
Oxygenation: A Systematic and Narrative Review. Front Neurol 2018;9:548.

42. Fletcher-Sandersjo6 A, Thelin EP, Bartek J Jr, Elmi-Terander A, Broman M, Bellander BM. Manage-
ment of intracranial hemorrhage in adult patients on extracorporeal membrane oxygenation (ECMO): An
observational cohort study. PLoS One 2017;12:¢0190365.

43. Cavayas YA, Del Sorbo L, Munshi L, Sampson C, Fan E. Intracranial hemorrhage on extracorporeal
membrane oxygenation: an international survey. Perfusion 2020:267659120932705.



44. Arachchillage D, Passariello M, Laffan M, Aw TC, Owen L, Banya W, et al. Intracranial Hemorrhage
and Early Mortality in Patients Receiving Extracorporeal Membrane Oxygenation for Severe Respiratory
Failure. Semin Thromb Hemost 2018;44:276-86.

45. Rupprecht L, Lunz D, Philipp A, Lubnow M, Schmid C. Pitfalls in percutaneous ECMO cannulation.
Heart Lung Vessel 2015;7:320-6.

46. Lunz D, Philipp A, Miiller T, Pfister K, Foltan M, Rupprecht L, et al. Ischemia-related vascular com-
plications of percutaneously initiated venoarterial extracorporeal membrane oxygenation: Indication setting,
risk factors, manifestation and outcome. J Crit Care 2019;52:58-62.

47. Liao X, Cheng Z, Wang L, Li B, Huang W, Wen J, et al. Vascular Complications of Lower Limb
Ischemia in Patients with Femoral Venoarterial Extracorporeal Membrane Oxygenation. Heart Surg Forum
2020;23:E305-305E309.

48. Go JY, Min YS, Jung TD. Delayed onset of acute limb compartment syndrome with neuropathy after
venoarterial extracorporeal membrane oxygenation therapy. Ann Rehabil Med 2014;38:575-80.

49. Aydin S, Pazarci N, Akan O, Biiyiikkale S, Bakan ND, Sayar A. A Case Report of A Drop Foot Developed
After Common Femoral Artery Cannulation for Venoarterial Extracorporeal Membrane Oxygenation. Noro
Psikiyatr Ars 2019;56:75-8.

50. Augusto R, Passos Silva M, Campos J, Coelho A, Coelho N, Semido AC, et al. Arterial Vascular
Complications in Peripheral Venoarterial Extracorporeal Membrane Oxygenation Support. Rev Port Cir
Cardiotorac Vasc 2019;26:45-50.

51. Ranney DN, Benrashid E, Meza JM, Keenan JE, Bonadonna D, Mureebe L, et al. Vascular Complications
and Use of a Distal Perfusion Cannula in Femorally Cannulated Patients on Extracorporeal Membrane
Oxygenation. ASAIO J 2018;64:328-33.

52. Lamb KM, DiMuzio PJ, Johnson A, Batista P, Moudgill N, McCullough M, et al. Arterial protocol
including prophylactic distal perfusion catheter decreases limb ischemia complications in patients undergoing
extracorporeal membrane oxygenation. J Vasc Surg 2017;65:1074-9.

53. Chamogeorgakis T, Lima B, Shafii AE, Nagpal D, Pokersnik JA, Navia JL, et al. Outcomes of axil-
lary artery side graft cannulation for extracorporeal membrane oxygenation. J Thorac Cardiovasc Surg
2013;145:1088-92.

54. Woodward EL, Shen T, Ramsay JG. Suspected Lower Extremity Ischemia After End-to-Side Femoral
Arterial Grafting for VA-ECMO. J Cardiothorac Vasc Anesth 2020.

55. Papadopoulos N, Ael-S A, Marinos S, Moritz A, Zierer A. Simple and controlled method to avoid
hyperperfusion of the right arm following axillary artery cannulation for extracorporeal membrane oxygenator
support. Thorac Cardiovasc Surg 2013;61:581-3.

56. Gander JW, Fisher JC, Reichstein AR, Gross ER, Aspelund G, Middlesworth W, et al. Limb ische-
mia after common femoral artery cannulation for venoarterial extracorporeal membrane oxygenation: an
unresolved problem. J Pediatr Surg 2010;45:2136-40.

57. Hanley SC, Melikian R, Mackey WC, Salehi P, Iafrati MD, Suarez L. Distal perfusion cannulae reduce
ECMO-related limb ischemia. Int Angiol 2020.

58. Thiagarajan RR, Barbaro RP, Rycus PT, Mcmullan DM, Conrad SA, Fortenberry JD, et al. Extracor-
poreal Life Support Organization Registry International Report 2016. ASAIO J 2017;63:60-7.

59. Dennis M, Lal S, Forrest P, Nichol A, Lamhaut L, Totaro RJ, et al. In-Depth Extracorporeal Cardio-
pulmonary Resuscitation in Adult Out-of-Hospital Cardiac Arrest. J Am Heart Assoc 2020;9:e016521.

10



60. Deshpande SR, Vaiyani D, Cuadrado AR, McKenzie ED, Maher KO. Prolonged cardiopulmonary re-
suscitation and low flow state are not contraindications for extracorporeal support. Int J Artif Organs
2020;43:62-5.

61. Graeff I, Schacher S, Lenkeit S, Widmann CN, Schewe JC. Beyond the limits - ECPR in putative fatal
circumstances. CJEM 2018;20:S70-70S73.

62. Tisherman SA. Can mechanical devices be tested during CPR? Does it matter. Resuscitation 2020.

63. Tisherman SA, Menaker J, Kon Z. Are we ready to take ECPR on the road? Maybe. ... Resuscitation
2017;117:A1-1A2.

Hosted file

Table 1.docx available at https://authorea.com/users/412327/articles/709677-extracorporeal-
cardiopulmonary-resuscitation-treatment-of-cardiac-arrest-during-pregnancy-case-report-
and-mini-review

11


https://authorea.com/users/412327/articles/709677-extracorporeal-cardiopulmonary-resuscitation-treatment-of-cardiac-arrest-during-pregnancy-case-report-and-mini-review
https://authorea.com/users/412327/articles/709677-extracorporeal-cardiopulmonary-resuscitation-treatment-of-cardiac-arrest-during-pregnancy-case-report-and-mini-review
https://authorea.com/users/412327/articles/709677-extracorporeal-cardiopulmonary-resuscitation-treatment-of-cardiac-arrest-during-pregnancy-case-report-and-mini-review

EF

L AdC

LVEF MOD A4C
SV AL AdC

) tr

7-30 7:25 11:38 recovery of
Cardiac call ECMO ECMO 12:10 ECMO | |voluntary
arrest team team arrival | “pump on heart rate
scedur CPR 2h Cl
CPR 5h 0.5h
7-31
ECMO loss of ECMO transported to follow up:
on Day 1 consciousness extubated our hospital deep coma discharged return to work
TSR o, I os . 0oy Doy o eyt Doy . oay16 .. | cayer dayte| ..
regaining cranial CT deep evavuate cranial CT regaining
consciousness scan: ICH coma clot scan: cerebral | | consciousness
Craniotomy?. hernia

12



