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Disclaimer: These guidelines on extracorporeal membrane
oxygenation (ECMO) are intended for educational use to
build the knowledge of physicians and other health profes-
sionals in assessing the conditions and managing the treat-
ment of patients undergoing ECMO and describe what are
believed to be useful and safe practices for ECMO. Guidelines
aim to help clinicians make informed decisions about their
patients. However, adherence to a guideline does not guar-
antee a successful outcome. Healthcare professionals must
make their own treatment decisions about care on a case-by-
case basis, after consultation with their patients, using their
clinical judgment, knowledge, and expertise. These guidelines
do not take the place of the physicians’ and other health pro-
fessionals’ judgment in the diagnosis and treatment of ECMO
patients. These guidelines are not intended to and should not
be interpreted as setting a standard of care or being deemed
inclusive of all proper methods of care, nor exclusive of other
methods of care directed at obtaining the same results. The
ultimate judgment must be made by the physician, other
health professionals, and the patient/patient family, consider-
ing all the circumstances presented by the individual patient,
and the known variability and biologic behavior of the clinical
condition. These guidelines reflect the data at the time the
guidelines were prepared. The results of subsequent studies or
other information may lead to revisions of the recommenda-
tions in these guidelines. In no event will ELSO be liable for
any decision made or action taken in reliance upon the infor-
mation provided through these guidelines. ASAIO Journal
2025; XX:XX-XX
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At the time of publication of this guideline, the leading
causes of maternal death for pregnant and peripartum patients
include hemorrhage, infection, eclampsia, thromboembolism,
and cardiac disease.”” Not only are these causes of death
preventable, but they have also been successfully supported
with extracorporeal membrane oxygenation (ECMO).*® In fact,
survival for peripartum patients supported on ECMO is higher
than any other population supported on ECMO.? Physiologic
changes, such as impaired right atrial venous return and hyper-
coagulability, however, make ECMO support in these patients
complicated.'®'? Specific guidance for the successful support
of these patients using ECMO is lacking. The Extracorporeal
Life Support Organization (ELSO), with subject matter experts,
performed a literature search, screening 378 articles, fully
reading 98 manuscripts, and narrowing the references down
to 87 publications to guide ECMO use in pregnant and peri-
partum patients. A summary of our recommendations can be
found in Table 1.

Indications

Extracorporeal membrane oxygenation indications during
pregnancy and peripartum are most commonly the same as
in other populations, however, there are pregnancy-specific
indications. Published reports quote ECMO in refractory
acute respiratory distress syndrome (ARDS) and respira-
tory failure as the most common indication for peripartum
ECMO, seen in 50% of peripartum cases, followed by
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Table 1. Summary of Recommendations

syndromes

anticoagulation goals in peripartum patients requiring ECMO

Unique indications for pregnant and peripartum ECMO include peripartum cardiomyopathy, amniotic fluid embolism, and eclampsia
Changes in physiology affect nearly every organ system and require consideration for hemodynamic, oxygenation, ventilation, and

ECMO gas exchange goals in pregnancy are pH > 7.3, PaCO, 30-40mm Hg, PaO, > 70mm Hg

ECMO flows may be higher due to increased cardiac output in pregnancy

Pregnant and peripartum women may be cannulated using all configurations

Heparin does not cross the placenta and is the most well-studied anticoagulant for ECMO in pregnant women

Heparin for the circuit should be paused for any patient who is suspected to be in labor or bleeding

Anesthesia technigues for vaginal and cesarean delivery on ECMO may be achieved with systemic medications as regional techniques

are limited in the context of anticoagulation and acquired coagulopathy

pulmonary pathology

There are no ECMO-related contraindications to breastfeeding

patient (if awake) and close relatives

Fetal monitoring for pregnant women on ECMO is recommended
We recommend early routine and preemptive ethics consultations with multidisciplinary expertise and close communication with the

The use of intravenous analgesia and anesthesia for delivery is preferred over inhaled agents in ECMO patients with significant

Rehabilitation and early mobilization of the pregnant and parturient on ECMO is recommended
Extubation on ECMO can be considered on a case-by-case and when airway difficulty can be excluded

ECMO, extracorporeal membrane oxygenation.

cardiogenic shock in one-third and extracorporeal cardio-
pulmonary resuscitation (CPR) in about 18%.%° Bacterial and
viral pneumonia, such as H1N1 and severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), leading to ARDS
are typical indications.”'>'* Pre-eclampsia and eclampsia,
hemolysis, elevated liver enzymes, and low platelets (HELLP)
syndrome are specific disorders of pregnancy and peripar-
tum period and indications for venovenous (VV) ECMO.*°
Pulmonary embolism is a leading cause of maternal morbid-
ity and mortality, and ECMO can provide cardiovascular res-
cue in such cases.” The relatively uncommon amniotic fluid
embolism is associated with very high maternal mortality,
and venoarterial (VA) ECMO has been used with variable
degrees of success.'? Peripartum cardiomyopathy or worsen-
ing of pre-pregnancy cardiac disease are indications for VA
ECMO.**" Indications for ECMO in obstetric patients are
listed in Figure 1.4912

Extracorporeal Cardiopulmonary Resuscitation

Extracorporeal cardiopulmonary resuscitation (ECPR),
defined as the deployment of VA ECMO during chest com-
pressions or if sustained return of spontaneous circulation
(ROSC) cannot be achieved, should be strongly consid-
ered in pregnant and postpartum patients as etiologies of
the arrest are most likely reversible and survival is high.**
The decision to provide ECPR for these women is not hard,
but the preparation is challenging as not all ECMO teams
are sufficiently experienced to manage such rare scenarios
(fe, multiple teams working on the same patient to man-
age bleeding while performing CPR and cannulating for
ECMO). Thus, hospitals should integrate an ECMO team
notification early into their maternal cardiac arrest alert
system so that the team can expeditiously bring the can-
nulation equipment and ECMO circuit. In an experienced
center, we recommend that patients be cannulated during
or immediately after the resuscitative hysterotomy if preg-
nant and as soon as possible with ongoing CPR to achieve
the best neurological outcomes possible.'® Cardiac arrest
response teams, ECMO teams, and obstetrics should famil-
iarize themselves with each other’s roles, procedures, and

environments during ECPR and train together regularly to
allow for a swift response, smooth cannulations, and good
outcomes for these women. Simulation is a valuable tool in
ECMO and should strongly be considered for pregnant and
peripartum ECPR training.

Contraindications

No established absolute contraindications to ECMO in preg-
nancy or peripartum exist, and these are typically extrapolated
from the wider non-obstetrical population.'” Obstetric emer-
gencies such as eclamptic seizures, HELLP syndrome, placenta
previa, and uncontrolled coagulopathy and hemorrhage may
be regarded as relative contraindications due to neurological
damage or coagulopathy, but ECMO may also be considered
after maternal optimization.

Physiologic Changes of Pregnancy Pertinent to ECMO

Many physiological changes occur during pregnancy that
may impact ECMO management in these patients (Figure 2).

Pulmonary Changes

Throughout pregnancy, mechanical and biochemical
changes occur to accommodate the growth of the fetus. The
rise in serum progesterone, estrogen, and relaxin is responsible
for many of the pulmonary changes that occur.'®'” There is an
increase in tidal volume, inspiratory capacity, minute ventila-
tion, and diaphragmatic excursion over the course of preg-
nancy that is most pronounced in the third trimester.'®'° These
changes are accompanied by a decrease in functional residual
capacity and residual volume, as well as reduced pulmonary
resistance.'®'® Oxygen consumption increases throughout
pregnancy, with the highest demand occurring during labor."8"
The combination of increased oxygen demand, reduced func-
tional residual capacity, upper airway edema, and airway fri-
ability contributes to a poor tolerance for hypoxia and difficult
airway management.'®'?

Gas exchange at the placenta occurs via the “Double
Bohr Effect” and the “Double Haldane Effect.”?° Fetal oxygen
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Pneumonia
Aspiration
Pulmonary Hemorrhage
TRALI
Eclampsia*
Asthma
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Peripartum cardiomyopathy*
Pulmonary embolism
Amniotic fluid embolism*
Heart failure
Valvular disease
Pulmonary hypertension
Cardiac arrest (ECPR)
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Figure 1. Indications for ECMO in pregnant and postpartum patients. ARDS, acute respiratory distress syndrome; ECMO, extracorporeal
membrane oxygenation; ECPR, extracorporeal membrane oxygenation during cardiopulmonary resuscitation; TRALI, transfusion-related

acute lung injury. *ECMO unique to the pregnant or peripartum patient.

delivery at the placenta is augmented when the maternal blood
is more acidic from carbon dioxide accumulation. The acidity
shifts the oxygen dissociation curve, allowing for the unloading
of oxygen at the placenta (the Bohr effect).”® Simultaneously,
as fetal blood offloads carbon dioxide to the maternal circu-
lation, it becomes relatively more alkaline, which facilitates
increased oxygen uptake (the “Double Bohr Effect”). The
delivery of maternal oxygen from the mother to fetus is further
enhanced by fetal hemoglobin, which has a higher affinity to
bind oxygen.

Carbon dioxide levels are higher in fetal blood when the
blood is deoxygenated (the Haldane effect). As maternal blood
transfers oxygen across the placenta, it can then accept more
carbon dioxide as bicarbonate and carbaminohemoglobin.
Simultaneously, as fetal blood takes up oxygen to form oxy-
hemoglobin, the affinity for carbon dioxide is reduced and,
therefore, more easily transferred across the placenta to the
mother (the “Double Haldane Effect”).

The pulmonary changes of pregnancy result in a shift in arte-
rial blood gas demonstrating a compensated respiratory alka-
losis. The PaO, increases to 100-105mm Hg (13.3-14.0 kPa)
and normal PaCO, decreases to 28-32mm Hg (3.7-4.2 kPa)
while maintaining a normal pH to facilitate oxygen transfer

across the placenta to the fetus and carbon dioxide unloading
from the fetal system to the maternal.'®' Targeting the blood
gas values of pregnancy is prudent while maintaining these
patients on ECMO to support normal fetal oxygen delivery and
acid-base status.

Cardiovascular Changes

Hemodynamic changes of pregnancy begin as early as the
first trimester and include increased cardiac output (up to
50% increase from pre-pregnancy), increased heart rate, and
decreased systemic vascular resistance.?? This increase in car-
diac output serves to support the fetus through the placenta
which by term receives 700-900 ml/minute.?* The need to
meet the increased metabolic and oxygen delivery demands
of pregnancy may impact these patients by requiring higher
flows on ECMO to maintain systemic oxygenation and pos-
sibly needing larger cannulas. The peak increase in cardiac
output immediately following delivery, rising to nearly 150%
pre-pregnancy values, is due to the abrupt increase in venous
return and loss of the low-resistance placental circulation.?**
This time frame is important to recognize as the highest risk
period for patients with congestive heart failure, pulmonary
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Figure 2. Physiologic changes in pregnant and postpartum patients. aPTT, activated partial thrombin time; BUN, blood urea nitrogen; CD,
cluster of differentiation; CO, cardiac output; Cr, creatinine; FRC, functional residual capacity; GFR, glomerular filtration rate; hbg, hemo-
globin; HR, heart rate; MV, minute ventilation; plt, platelets; PVR, pulmonary vascular resistance; SV, stroke volume; SVR, systemic vascular

resistance.
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emboli, amniotic fluid embolism, and other pathologies that
may not tolerate the abrupt autotransfusion following delivery
and may require urgent or emergent VA ECMO support.

As the gravid uterus grows, the risk of aortocaval compres-
sion rises, particularly after 20 weeks of gestation and in the
supine position. By term, vena caval compression in the supine
position can be associated with decreased venous return,
stroke volume, and cardiac output.?® For this reason, pregnant
patients after 20 weeks may need to be positioned with a 15°-
30° left lateral tilt to flow well on ECMO.

Neurologic Changes

Throughout pregnancy, there is an increase in cerebral blood
flow, a decrease in cerebrovascular resistance, increased per-
meability of the blood-brain barrier, and an increased capil-
lary density in the posterior cerebral cortex.?” These changes,
particularly in conjunction with hypertensive disorders of
pregnancy, which are associated with endothelial dysfunction
and impaired cerebral autoregulation, are important to con-
sider when targeting blood pressures. Pregnant patients are
at an increased risk of intracranial hemorrhage at lower sys-
tolic values and should receive anti-hypertensive medications
for sustained pressures greater than or equal to 160/110mm
Hg, according to the American College of Obstetrics and
Gynecology (ACOQG).%:%

Renal Changes

Systemic vascular and renal dilatation results in an increase
in glomerular filtration rate (GFR) by up to 50% by the end of
the first trimester.'®*° This increased GFR may impact dosing of
anticoagulation or other medications while on ECMO. During
pregnancy, the renal calyces, pelvis, and ureters dilate, result-
ing in physiologic hydronephrosis in up to 80% of women
by mid-pregnancy.’’ There is also an increase in urine pro-
tein, albumin, and glucose excretion.'® Sodium reabsorption
increases in response to increased renin and aldosterone and
helps to accommodate the increased plasma volume in the set-
ting of vasodilation.'®?

Hematologic Changes

Pregnancy is associated with a disproportionate expansion
of plasma blood volume compared to red blood cells which
results in a physiologic anemia of pregnancy.’* There is a
reduction in the fibrinolytic system and an increased concen-
tration of most coagulation factors (I, VII, VIII, IX, X) and von
Willebrand Factor, as well as a decrease in protein S, all of
which contribute to relative hypercoagulability during preg-
nancy.*~4 Venous thromboembolism (VTE) risk is higher dur-
ing pregnancy due to increased coagulation factors, increased
resistance to anti-thrombotic factors, decreased fibrinolysis,
venous stasis, and trauma.*>?* Additionally, women who have
undergone assisted reproductive therapies have a 2-3-fold
higher risk of VTE, specifically in the upper extremities.*® Total
protein and osmotic pressure decrease throughout pregnancy
and may be more pronounced in hypertensive disorders (pre-
eclampsia, eclampsia, and HELLP syndrome) of pregnancy,
which can increase the risk of pulmonary edema.?3

Pregnancy Complications Affecting ECMO Management

Obstetric Hemorrhage

Postpartum hemorrhage remains the leading cause of mater-
nal mortality and morbidity, accounting for approximately
one-quarter of all maternal deaths worldwide." Obstetric
bleeding, defined as uterine bleeding, abdominal parietal
hematoma, or hemoperitoneum, was reported in 33% of 24
peripartum patients supported with ECMO for severe ARDS.*
Bleeding was significantly more common in patients com-
mencing ECMO support post-delivery (46%) compared to
those commencing ECMO support during pregnancy (18%).>°
In a retrospective review of peripartum patients requiring
ECMO support for severe SARS-CoV-2, 36.4% of 22 patients
who delivered whilst on ECMO suffered a postpartum hem-
orrhage." Hemorrhage, however, was not associated with
increased mortality and should not be considered a contrain-
dication to ECMO in this population.’

Management of obstetric hemorrhage on ECMO should
follow standard approaches further detailed by other inter-
national organizations, understanding that ECMO may safely
continue without anticoagulation if needed.*® Healthcare
providers must anticipate and plan for major obstetric hem-
orrhage in all patients receiving ECMO support. Immediate
interventions include uterotonic agents and uterine mas-
sage for atony, removal of retained conception products or
tranexamic acid for coagulopathy, progressing to nonsurgical
techniques such as intrauterine tamponade, followed by endo-
vascular attempts of vessel embolization, and finally surgical
techniques to include sutures, ligation, and hysterectomies.*
The “4Ts” mnemonic (tone, trauma, tissue, tonics) may aid in
the quick evaluation and management of postpartum hemor-
rhage.* An example of postpartum hemorrhage management
can be found in Figure 3. As ECMO support is most likely pro-
vided in an intensive care unit (ICU) remote from labor suites,
obstetric theaters, and interventional radiology suites, a plan
must be in place to expeditiously transport or perform these
interventions in situ. Similar to postpartum hemorrhage, men-
strual bleeding can be significant for the patient on ECMO. An
example of menstrual bleeding suppression can also be found
in Figure 4.

Venous Thromboembolism

Pulmonary embolism remains a leading cause of mater-
nal death in developed countries, and risks are highest in the
immediate postpartum period.> A systematic review of extra-
corporeal life support in pregnancy (n = 358) showed that
pulmonary embolism was the primary indication for ECMO
support in 4.7%.* In a retrospective multicenter cohort study
on 100 peripartum patients requiring ECMO support for severe
SARS-CoV-2, VTE was the most common maternal morbidity
reported in 39% of the patients.’ Additionally, ECMO support
is highly associated with VTE occurrence, most commonly
at the site of cannulation following liberation from ECMO.*
Extracorporeal membrane oxygenation providers need to
maintain vigilance for VTE in pregnant and postpartum patients
requiring ECMO, particularly those with severe SARS-CoV-2.
Doppler ultrasound is recommended at ECMO cannulation
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Basic Approach

»Call for help
* Hemorrhage cart/kit
= Designate event manager

« Bimanual uterine massage (*4Ts)

¢ Administer uterotonics and TXA (*4Ts)

* Establish 2 large-bore IVs

s Consider arterial line placement

= Consider rapid infusion device

»Contact Blood Bank: send for specific
products vs. activate OB Massive
Transfusion Protocol

* Monitor vital signs: ECG, NIBP, Sp02

* Discuss source of bleeding (*4Ts)

« Discuss QBL at established intervals

« Exam for retained placenta, lacerations,

Transfusion and Medication Treatment

+ If on anticoagulation = stop and/or hold

* RBC: FFP: Platelets @ 1-2:1:1 ratio3!

» Cryoprecipitate for fibrinogen < 200 mg/dL

* Fibrinogen concentrate 70 mg/kg IV over 5-
10 minutes in setting of DIC

« If possible, ROTEM or TEG guided
resuscitation

* May rapidly infuse blood products through
ECMO circuit (don’t give platelets in circuit)

* Oxytocin 30-60U/L IV

« Methylergonovine 0.2 mg IM Q2hours
(caution with HTN)

» Carboprost (PGF2a) 250 mcg Q15 min
IM/intra-myometrial PRN (caution with
asthma)

* Misoprostol (PGE1) 600-800 mcg sublingual

Surgical Management

* Consider transfer to OR if still in LDR or ICU

* Placement of intrauterine balloon
tamponade (Bakri, Jada)

* Dilation and Curettage (D&C)

* B-Lynch suture

= Uterine artery ligation

¥ Consult for uterine artery embolization
(UAE)

»Consider consulting Gynecologic Oncology
or Trauma surgery for assistance

* Hysterectomy

hematoma (*4Ts)

« STAT labs: CBC, PT/PTT, fibrinogen, iCa,
arterial blood gas, viscoelastic testing
(ROTEM or TEG)

 Bair hugger, fluid warmer, warm room . .

ongoing bleeding

* Foley catheter

»Call ECMO specialists/primer to have a
second circuit available (in case current
circuit clots off)

or PO or 800-1000 mcg PR

* Tranexamic acid (TXA) 1000 mg IV over 10
minutes, may repeat in 30 minutes if

Figure 3. Example of postpartum hemorrhage management. Courtesy of Dr. Emily Naoum. CBC, complete blood count; DIC, disseminated
intravascular coagulopathy; ECG, electrocardiogram; ECMO, extracorporeal membrane oxygenation; FFP, fresh frozen plasma; HTN, hyper-
tension; iCa, ionized calcium; ICU, intensive care unit; IM, intramuscular; IV, intravenous; LDR, labor and delivery room; NIBP, noninvasive
blood pressure; OB, obstetrics; OR, operating room; PGE, prostaglandin-E1; PRN, as needed; PT, prothrombin time; PTT, partial thrombo-
plastin time; RBC, red blood cells; SpO,, peripheral oxygen saturation; TXA, tranexamic acid. *“4Ts” mnemonic (tone, trauma, tissue, tonics)

is helpful in the evaluation and management of postpartum hemorrhage.

sites in all patients following liberation from ECMO with con-
tinuation of anticoagulation until resolution of VTE.

Pre-Eclampsia

Pre-eclampsia, which is associated with endothelial dys-
function and activates an inflammatory process, may lead to
ARDS necessitating ECMO support. Specific pre-eclampsia
risks, including uncontrolled hypertension and renal or hepatic
impairment, present additional maternal risks. Risks of intra-
cranial hemorrhage with the development of pre-eclampsia
may be higher with concomitant anticoagulation and ECMO-
related coagulopathy. Extracorporeal membrane oxygenation
providers must remain vigilant for signs and symptoms of pre-
eclampsia with prompt consideration of delivery to reduce
maternal morbidity and mortality.* Additionally, ECMO
patients should be monitored for the progression to HELLP
syndrome as the associated coagulopathy and liver dysfunc-
tion could impact anticoagulation on ECMO.

Cardiac Arrest

The causes of cardiac arrest in pregnant and postpartum
patients, such as pulmonary embolism, amniotic fluid embo-
lism, arrhythmias, or cardiomyopathy, are frequently revers-
ible and can be supported with ECMO.*? Advanced Cardiac
Life Support (ACLS) algorithms should be followed to include
alleviating aortocaval compression with manual uterine dis-
placement to improve preload and performing a resuscitative

hysterotomy by 5 minutes.'® Although not yet part of the ACLS
algorithm for pregnant patients, we strongly recommend early
consideration of ECPR in this population.'®

Cannulation

Pregnant and peripartum patients have been supported with
all modes of ECMO (VV, VA, and venopulmonary [VP]) without
reported complications during cannulation.”'**= Pregnancy-
related alterations in anatomic landmarks and physiologic
changes may impact cannulation for ECMO. Pregnant and
postpartum patients, however, can be cannulated via all con-
figurations with some special considerations.

As pregnancy increases a woman’s cardiac output, two-site
cannulation or the use of a larger drainage cannula may be
needed to maximize ECMO flows.” If cannulating the femoral
vessels, consider tilting the patient to the left to relieve com-
pression from the uterus on the inferior vena cava.* The inter-
nal jugular (1)) vein overlies more of the carotid artery during
pregnancy, which may impact dual lumen 1} cannulation in
the pregnant woman.** As mentioned previously, VTE occur in
pregnant patients due to alterations in the coagulation pathway
and venous stasis related to the compression of the IVC as the
uterus grows and extra caution should be taken to rule out
VTEs, not only in the IVC but also upper extremity vessels, and
to evaluate vessel patency before cannulation. Additionally,
we recommend imaging with echocardiography and fluo-
roscopy be performed to confirm appropriate wire and then
cannula placement. The risk of vessel or cardiac injury from
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+ Consider running ECMO without anticoagulation if safe.

Minimum dose of hormone replacement is desired due to clot risk.

Norethindrone Acetate (Aygestin) [l\clIZORN (VR /] BID

Medroxyprogesterone acetate

(Provera) NG/PO 20 mg BID

Persistent bleeding despite initiation of (Aygestin/Provera)
increases.

+  Aminocaproic Acid (Amicar)
»  Tranexamic Acid

Menstrual Suppression While on ECMO

Female patients on anticoagulation for ECMO are at risk of heavy blood loss if their menses start while on therapy.

Progestin only hormonal suppression should be started with initiation of ECMO if feasible. Estrogen containing therapy is contraindicated.
+ Oral or nasogastric medications for bleeding are ideal as intramuscular injections are contraindicated due to risk of bleeding at the administration site.

= Due to the risk of large volumes of blood loss while on a therapy, initiation of therapy will require higher doses if near menstrual cycle or menstrual bleeding

present at ECMO initiation. These doses may be weaned when bleeding has stopped.
* Hormone therapy should be continued for the duration of therapy, as cessation of hormone replacement could lead to breakthrough bleeding.

[Drug  |Route [Dose [Frequency [Titraion ____________[Note |

May decrease to 10 mg
(Aygestin) once daily when
bleeding stops x 3 days

10 mg (Provera) once daily
when bleeding stops x 3days some peripheral conversion of estrogen which can increase clot

. May increase to 10 mg (Aygestin) or 20 mg (Provera) PO q 6 hours for max dose of 40 mg (Aygestin) OR 80 mg (Provera) per day if bleeding persists or

. Anti-fibronolytics can be considered if persistent or significant blood loss

. If persistent bleeding despite above measures consider consultation with hematology or gynecology for further recommendations

*Preferred in patients with high clot burden, known
thrombophilia, or pulmonary embolism as norethindrone has

risk

Figure 4. Example of menses suppression protocol courtesy of Dr. Krista Childress. BID, twice a day; ECMO, extracorporeal membrane
oxygenation; mg, milligrams; NG, nasogastric; OG, orogastric; PO, orally; g, every.

improper cannulation is greater than the radiation exposure to
the mother and fetus.

Medications

Anticoagulation

Due to its long history of use, unfractionated heparin (UFH) is
the recommended anticoagulant for pregnant patients receiving
ECMO support. Unfractionated heparin does not cross the pla-
centa and is not present in breast milk.*4° There is limited evidence
for the use or safety of parenteral direct thrombin inhibitors (arg-
atroban and bivalirudin) during pregnancy. Thus, these agents are
not recommended at this time unless extenuating circumstances
precluding the use of UFH exist, such as severe allergy, heparin-
induced thrombocytopenia (HIT), or heparin resistance.*®4°

An approach to anticoagulation akin to the approach in non-
pregnant patients supported with ECMO is recommended.”*°
This includes a low-dose anticoagulation protocol with an acti-
vated partial thromboplastin time (aPTT) target of approximately
40-60 seconds or anti-Xa level of 0.2-0.4 units/ml unless indi-
cations for therapeutic levels of anticoagulation exist.”**4 Of
note, there is increased renal excretion and protein binding of
heparin present during pregnancy, which necessitates the use
of higher doses to maintain target levels of anticoagulation.*

There is no evidence to recommend the routine use of antico-
agulation post-decannulation. Nevertheless, given the hyper-
coagulability in pregnancy, consider screening these patients
for VTE with ultrasounds of the upper and lower extremities
following decannulation, in addition to when clinical suspi-
cion exists, and then using anticoagulation as appropriate.”

Other Medications

Medications with the most potential benefit for the preg-
nant patient and lowest morbidity to the fetus should be

selected. When possible, fetotoxic medications should be
avoided. Due to the complex pharmacokinetics of pregnancy
and during ECMO, it is recommended to work in conjunction
with obstetric or maternal-fetal medicine specialists as well
as pharmacists to maximize treatment efficacy while mini-
mizing risk.>°

ECMO Goals

Physiologic changes in pregnancy may require slightly dif-
ferent ECMO goals compared to the nonpregnant patient
(Figure 5). This guidance is based on subject matter expert
opinion taking into account the pathophysiology of pregnancy
and the current, but sparse ECMO literature that exists.

Oxygenation and Ventilation Goals

The aim should be to provide lung-protective ventilation to
maximize the chance of early and maximal lung recovery from
the underlying condition in the mother while satisfying the gas
exchange requirements of both the mother and fetus.”' As fetal
lungs do not participate in gas exchange in utero, the placenta
is the sole source of transfer of oxygen and carbon dioxide.
Both are small molecules and, therefore, readily move by pas-
sive diffusion across a concentration gradient (approximately
30mm Hg for oxygen and 10 mm Hg for carbon dioxide).

Fetal oxygen delivery is determined by uterine blood flow and
its oxygen content, which in turn is determined by the oxygen
content of uterine arterial blood (hemoglobin concentration
and oxygen saturation) and uterine arterial blood flow, which
is approximately 10% of maternal cardiac output (600-700 ml
of oxygen/min) at full term (> 37 weeks’ gestation).”** Pregnant
patients receiving ECMO should maintain a partial pressure of
arterial oxygen (PaO,) greater than or equal to 70mm Hg and
an oxygen saturation greater than or equal to 95% to ensure
adequate fetal oxygenation.**** If maternal hypoxemia occurs,
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{ ‘ Higher ECMO flows

.
6

ﬂ pH> 7.3, pCO, 30-40mmHg, Pa0, > 70mmHg
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Figure 5. ECMO goals in pregnant and postpartum patients. aPTT, activated partial thrombin time; ECMO, extracorporeal membrane oxy-
genation; hbg, hemoglobin; PaO,, partial pressure of oxygen; pH, potential of hydrogen; pCO,, partial pressure of carbon dioxide.

the ECMO circuit should be preferentially used over the venti-
lator to augment systemic oxygenation. Positive end-expiratory
pressure should be applied with caution given the potential for
decreased preload and thus decreased cardiac output, leading
to impairment in placental perfusion at elevated intrathoracic
pressures.

As baseline PaCO, is 30-32mm Hg during pregnancy,
ECMO sweep should be titrated to maintain a mild respiratory
alkalosis. Caution must be taken to avoid significant hypocap-
nia, which may result in fetal alkalosis, uterine artery constric-
tion, and leftward shift of the fetal oxygen dissociation curve
resulting in fetal hypoxia.>**> Severe hypercapnia with a PaCO,
greater than 60 mm Hg should also be avoided, as rightward
shift of the dissociation curve may limit oxygen binding to fetal
hemoglobin.>

Hemodynamic Goals

Management of hemodynamics is similar to that for non-
pregnant patients with the aim to achieve physiologic MAP
targets (> 65 mm Hg) taking into consideration baseline blood
pressure and monitoring markers of end-organ perfusion such
as lactate, lactate clearance, urine output, renal and hepatic
function. Standard vasopressors including norepinephrine,
vasopressin, and dopamine may be used to support systemic
blood pressures. Large fluctuations and drops in blood pres-
sure can compromise placental circulation and should be
avoided.?? Hypertension during pregnancy predisposes to life-
threatening complications such as intracranial hemorrhage,
which can be compounded by anticoagulation on ECMO and
requires pharmacologic control. Various organizations recom-
mend different blood pressure targets and thus, we recom-
mend targeting a systolic blood pressure goal of less than or
equal to 160 mm Hg in the obstetrical ECMO patient to avoid
intracranial hemorrhage and placental abruption.”® There is
no ECMO-specific guidance on how to control the obstetri-
cal patient’s hemodynamics. We recommend avoiding tera-
togenic medications if able such as renin-angiotensin system
blockers.?*%¢

Left lateral tilt from the second trimester onward, which
avoids uterine compression of the vena cava and optimizes
venous return and ECMO flows, is recommended. As maternal
cardiac output increases by the third trimester, higher ECMO
flows may be needed compared to the nonpregnant patients

to grant adequate fetal oxygenation, as reflected by a maternal
Sa0, greater than 90%.

Hematologic and Coagulation Goals

Given the physiologic anemia of pregnancy and lack of evi-
dence to keep a higher transfusion threshold, we recommend a
hemoglobin goal of 8 g/dl, consistent with ELSO guidance.?*75¢
Obstetrical patients on ECMO are at risk of developing dissem-
inated intravascular coagulopathy (DIC) from HELLP, retained
products of conception, or infection; and should be moni-
tored closely, although thresholds for transfusions are no dif-
ferent than other ECMO patients.*® Anticoagulation goals are
also similar to nonpregnant ECMO patients with aPTT goals
of 40-60s.7°%% With increased GFR in pregnancy, however,
medication doses may need to be adjusted if renally cleared,
such as with bivalirudin.

Infection Goals

The altered immune response predisposes pregnant women
to infection. Although prophylactic antimicrobials are not rec-
ommended, we do endorse a very low threshold to screen for
infection and to start empiric antimicrobials.

Rehabilitation and Mobilization

Prolonged ECMO runs may be anticipated with the initiation
of ECMO in the antepartum period, rendering the patient more
vulnerable to muscle weakness and requiring a protracted
course of rehabilitation.** Early rehabilitation and mobilization
of pregnant and post-partum patients supported with ECMO
present the interdisciplinary clinical team with significant chal-
lenges due to the unique physiological changes of pregnancy,
the need to simultaneously support and monitor both the fetus
and the mother, and the underlying cardio-pulmonary pathol-
ogy necessitating ECMO support. Early rehabilitation whilst on
ECMO may decrease the clot potential on the patient and cir-
cuit by improving venous drainage and augmenting systemic
antegrade blood flow.?® The decision for tracheal extubation
on ECMO to enhance rehabilitation and mobilization must
be weighed carefully against the risk of airway management
and difficult endotracheal intubation related to anatomical and
physiological changes of pregnancy, such as airway edema, in
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Table 2. Fetal Monitoring Recommendations in Viable Pregnancies on ECMO

Test Evaluation Use Frequency
Handheld Fetal heart rate 16+ weeks gestation 1-2 x daily
Doppler US Fetal viability
CTG Fetal heart rate 26+ weeks gestation Continuous
Predicts acute fetal hypoxia or acidemia
us Fetal anatomy 3D or 4D US to assess fetal anatomy, longer-term e With clinical changes

Fetal growth
Placental disease
Placental location
Amniotic fluid levels
BPP Fetal heart rate
Fetal movement
Fetal growth
Amniotic fluid levels
Maternal bleeding
Cervical dilation
Ruptured membranes
Maternal bleeding
Infection
Heart failure

perfusion

of the fetus

Pelvic exams

Maternal vital
signs

wellbeing and growth
Umbilical artery Doppler US to assess placental

Combines CTG with a US to evaluate the wellbeing

Evaluates the need for delivery due to maternal
hemorrhage, or premature labor or risk of infection
such as chorioamnionitis

Evaluates the need for delivery due to maternal
hemorrhage, infection such as chorioamnionitis, or
low cardiac output

e Every week for Dopplers
e Every 2-3 weeks for growth
assessments

Weekly

As indicated if patient is symptomatic
or clinical signs of labor, rupture of
membranes or bleeding

Continuous

BPP, biophysical profile; CTG, cardiotocography; ECMO, extracorporeal membrane oxygenation; US, ultrasound.

addition to the ability to maintain oxygenation and ventilation
goals for the fetus if still pregnant.”” Tracheostomy of pregnant
patients while on ECMO has also been performed and may be
an excellent option to lighten sedation and begin rehabilitation
earlier.'3

We suggest a balanced approach to early mobilization and
rehabilitation during pregnancy, further detailed in the ELSO
Mobility Guideline.®’ Referrals to the rehabilitation team
should be done as soon as practically possible, ideally within
24 hours of ECMO initiation. Daily interdisciplinary review
of patient progress, targets of each physiotherapeutic session,
training, clear protocols, and engagement of patient and family
are critical components of safe mobilization. Ideally, a proto-
col of the rehabilitation and mobilization continuum should
be in place in each ECMO center.

Fetal Monitoring

Extrapolating from the little data on fetal monitoring in criti-
cally ill mothers and less in those on ECMO, Table 2 outlines
the following suggestions for fetal monitoring in pregnant
ECMO patients.?"*? Fetal monitoring also benefits the mother
as fetal distress is a reflection of the mother’s instability. We
recommend developing a personalized plan for your patient
with the help of a multidisciplinary team to include critical
care medicine, maternal-fetal medicine, neonatology, nursing,
and the family.

Delivery

Analgesia/Anesthesia

The induction of labor for a vaginal delivery may present a
need for labor analgesia in pregnant patients on ECMO sup-
port. Non-pharmacologic options for a healthy patient include
acupuncture, acupressure, hypnosis, sterile water injections,
transcutaneous electrical nerve stimulation, water immersion,
continuous labor support, massage, and aromatherapy, how-
ever, the efficacy of these techniques has never been studied in

ECMO patients.®> Pharmacologic options include opioid medi-
cations for analgesia and inhaled nitrous oxide for sedation.
Pregnant patients on ECMO support may already be receiving
opioids for analgesia, and this may be continued or increased
for additional labor analgesia with the understanding that
placental transfer may result in fetal respiratory depression at
delivery. Nitrous oxide may provide labor sedation but requires
patient cooperation and self-administration during contrac-
tions, which is not feasible in an intubated or sedated patient.*
Anecdotal case reports of neuraxial blockade performed while
on ECMO are available in the literature; however, it carries the
risk of complications such as hematoma, and hence, it is not
routinely recommended.>%%

Anesthesia for cesarean delivery may be achieved with neur-
axial or general anesthetic techniques.* For the same reasons
outlined above, neuraxial anesthesia may be contraindicated.
Furthermore, if the peripartum patient on ECMO is already
intubated, the pragmatic approach is most often general anes-
thesia. The use of inhaled anesthetics in patients on VV or
VA ECMO is complicated by unreliable drug delivery due to
underlying lung pathology or blood flow diversion away from
the lungs.® The recommended approach to general anesthesia
is with intravenous agents that can be titrated to the appro-
priate depth of anesthesia required for cesarean delivery. The
volume of distribution is larger in pregnant patients as well as
those supported on ECMO, and there is the potential for drug
sequestration in the circuit; therefore, dosing may need to be
increased to achieve anesthetic depth.®® Providers may con-
sider the use of processed electroencephalography monitoring
for depth of anesthesia as pregnant patients have an increased
risk of awareness under anesthesia.®”® Dosing of these medi-
cations should be judicious to avoid rapid vasodilation and
potential drops in the ECMO flow as well as to minimize fetal
exposure to anesthetic agents.

Indication and Timing of Delivery

The timing of delivery in the critically ill parturient must be
balanced against 1) the potential benefit to maternal status
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Figure 6. Balancing maternal and fetal considerations for deliv-
ery of the pregnant mother on ECMO. ECMO, extracorporeal mem-
brane oxygenation.

and 2) the risk of prematurity (Figure 6).> However, once sup-
ported on ECMO, delivery of the fetus may not improve oxy-
genation, particularly in the second and early third trimesters.>
Therefore, the timing of delivery should include an assessment
of the burden of the fetoplacental unit on maternal oxygen-
ation and fetal stability. It is highly recommended for early
consultation with a specialist in high-risk maternal-fetal medi-
cine to ensure adequate fetal support, identify signs of physi-
ologic stress, and optimize the fetus for possible preterm (< 37
weeks’ gestation) or emergency delivery.

The Society for Maternal and Fetal Medicine supports the use
of ECMO in pregnant patients not only to save the life of the
mother but also as a tool to help keep the pregnancy active as
the mother recovers from severe hypoxemia, allowing the fetal
lungs more time to mature.® The use of ECMO to enhance fetal
perfusion can be considered past the point of maternal recov-
ery; however, this must be weighed against the risk of ECMO-
related complications. Given the paucity of data and the risk
of ECMO-related complications, ELSO does not recommend
prolonging ECMO use if the mother has fully recovered.

Although ideally, the pregnancy would be carried to full
term (> 37 weeks of gestation), planning for prompt delivery
while on ECMO is key to optimizing both maternal and fetal
outcomes.”?? Consideration for delivery should be a cyclical
activity as part of the daily review, considering the respiratory
status and response to treatment, any comorbidities (ie, pulmo-
nary hypertension, asthma, etc), the development of obstetric
complications such as pre-eclampsia or chorioamnionitis, and
the gestation of delivery.

Additionally, following obstetrical guidelines, we recom-
mend giving antenatal steroids to pregnant patients supported
on ECMO, which can reduce the risk of respiratory distress
syndrome in the infant, and magnesium sulfate if given before
the 32nd week of gestation, which reduces the risk of neuro-
logical disability.”

Mode of Delivery

There is no clear guidance regarding the mode of delivery,
and any decision requires careful multidisciplinary team discus-
sion with the views of the family and taking maternal factors into
account to create individualized plans. Notwithstanding this,
equipment for a vaginal birth, emergency cesarean delivery, and
neonatal resuscitation must be available promptly on the unit,
with the contact numbers for obstetricians, neonatologists, and
midwives in the event of emergency birth or spontaneous labor.

Maternal factors such as pulmonary hypertension or peri-
partum cardiomyopathy may impact a safe vaginal delivery
as the increase in pressure from labor may precipitate heart
failure or cardiac arrest.””" Additionally, during vaginal deliver-
ies, the blood flow of ECMO can be unstable and reduced as
contractions become more severe, resulting in a reduction in
maternal oxygenation.” The second stage of labor can also be
challenging in pregnant patients on ECMO if heavily sedated
or anesthetized, as the patient will not be able to push with a
contraction. In these circumstances, an assisted vaginal birth
can be performed, however, it will require the patient to be
positioned into lithotomy, which may not be possible with
femoral cannulation.

Cesarean deliveries are the most common form of delivery
on ECMO, possibly due to improved hemodynamic control,
fewer interruptions in ECMO flow, and speed of the deliv-
ery.”?9 Cesareans may be complicated by intraoperative or
postoperative hemorrhage. Heparin may be discontinued for
the duration of the cesarean delivery and the immediate post-
natal period; however, this does risk clots within the ECMO
circuit. Strict hemostasis during the cesarean delivery is essen-
tial. Using electrocautery to enter the uterus, the use of hemo-
static sutures, and closing the peritoneum layers can be used to
reduce intraoperative blood loss and the risk of postoperative
bleeding complications. Prophylactic drains placed at the level
of the rectus sheath and in the pelvis can help evaluate the
amount of blood loss and reduce the risk of pelvic collections.

Regardless of the mode of delivery, the heparin should be
paused for any patient who is suspected to be in labor or bleed-
ing.'® Extracorporeal membrane oxygenation centers should
be prepared to perform an emergency cesarean delivery even
if the plan is to attempt a vaginal delivery. In the event of fetal
death or termination of pregnancy, aiming for a vaginal birth is
reasonable. The usual protocols can be used with mifepristone
and misoprostol with measures in place to reduce the chance
of a major post-partum hemorrhage with uterine massage,
uterotonics (Figure 3), and prompt management of a retained
placenta or products.® If labor is induced, there can be a delay
from the start of induction to the delivery of the infant. Even in
the event of fetal death, this delay needs to be balanced with
the possibility of maternal deterioration whilst awaiting deliv-
ery. Additionally, delaying the delivery of an infant who has
died can increase the risk of DIC.

The multidisciplinary team should determine the place of
delivery. There are benefits and risks to delivering in the labor
suite, operating room, or ICU. If the ECMO patient is in the
ICU, far from a labor suite or obstetrical operating room, prep-
arations should be made in the ICU for immediate delivery in
the event of an emergency (Table 3).%

At the initiation of ECMO or even before the cannula-
tion of a pregnant patient, we recommend developing a
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Table 3. Recommended Equipment Readily Available for an Emergent Cesarean Delivery While on ECMO

Emergency Cesarean Equipment

Maternal Equipment

Neonatal Equipment

Uterotonic medications

Tranexamic acid

Cesarean pack

Surgical table with sterile surgical instruments
Hysterectomy packs

Balloon tamponade devices

Drains

Blood products

Airway equipment

Anesthetic medications

Cardiopulmonary resuscitation medications

Isolette or warmer

Airway supplies (masks, laryngoscope, endotracheal tubes)
Suction device

T-piece resuscitator or flow-inflating bag

Oxygen blender and pulse oximeter

Sterile bag

Blankets

Umbilical cord clamps and scissors

UAC/UVC equipment

Cardiopulmonary resuscitation medications

ECMO, extracorporeal membrane oxygenation; UAC, umbilical arterial catheter; UVC, umbilical vein catheter.

multidisciplinary plan of delivery of the fetus in the safest way
possible for the mother with a well-developed contingency
plan for an emergency cesarean delivery.

Ethics

The urgent nature of ECMO exacerbates the complex ethi-
cal challenges of life support.”® These are particularly aggra-
vated in the pregnant woman with a potentially viable fetus.
It is difficult to apply the basic ethical principle of autonomy
and shared decision-making in ECMO initiation due to the
urgency, risk of misunderstanding, patient’s trust in exper-
tise, and emotional distortion.”* Consent from the patient
in this setting may not be achievable. If the patient’s wishes
are not considered, viewing ECMO as futile may be inaccu-
rate. Although stopping ECMO in the case of maternal non-
recoverability seems unethical, ECMO should not be
withheld for this reason. Both options, withholding ECMO or
withdrawing ECMO, are considered ethically equivalent.”>”®
The pregnant patient may have conflicting autonomous
wishes that may benefit the fetus while risking her own life.
The treating clinical team may therefore experience moral dis-
tress respecting the patient’s wishes to act according to the
principle of beneficence towards a fetus, yet going against the
beneficence-based obligations to the woman.”” Quality of
life futility is not applicable in perinatal medicine as it is sub-
jective for each individual.”® When the fetus is regarded as a
patient, it adds another fiduciary obligation of the clinicians to
their obligations to maternal autonomy and beneficence: the
obligation of beneficent action towards the fetus, who is par-
ticularly vulnerable because it has no autonomy of its own.”

We recommend the early routine implementation of pre-
emptive ethics consultations with multidisciplinary expertise
and close communication with the patient (if awake) and close
relatives to address the ethical challenges that may present for
the woman and fetus while on ECMO.

Maternal-Fetal Bonding

Skin-to-skin contact and breastfeeding are important for
both maternal and neonatal health.” Little official guidance
exists on breastfeeding and maternal-infant bonding dur-
ing critical illness. Extracorporeal membrane oxygenation
alone, however, does not prohibit skin-to-skin bonding nor

breastfeeding, especially if the patient is awake and able to sit
and participate in physiotherapy. Guidance from the Academy
of Breastfeeding Medicine (ABM) can be extended to ECMO
patients.?’ The ABM states that direct breastfeeding is preferred,
and efforts to support lactation in hospitalized patients should
be made.®*#' Mothers on ECMO should have consultation with
a lactation consultant, pumping equipment at the bedside,
and the time the infant and mother spend together should be
maximized. Important for mothers on ECMO, breastfeeding
while on anticoagulation with heparin is safe according to the
American Society of Hematology and the European Society of
Cardiology.* There is no caution against breastfeeding while
on intravenous direct-thrombin inhibitors, with case reports
highlighting successes; however, both these societies recom-
mend against breastfeeding while on oral direct-thrombin
inhibitors. All maternal medications should be reviewed for
infant safety during breastfeeding while on ECMO.

Weaning From ECMO

Weaning from ECMO in pregnant or peripartum patients is
similar to that of other populations of ECMO. If the patient is
pregnant, we recommend fetal monitoring during the trials off
VV ECMO or while weaning VA ECMO to evaluate fetal dis-
tress. Please refer to the ELSO Guidelines on VV and VA ECMO
for full weaning guidance.®%

Follow-Up

Maternal

All peripartum patients requiring ECMO support need close
follow-up, the specifics of which will depend on the under-
lying pathology necessitating ECMO, any complications from
treatments or organ support received, maternal health status
post-ECMO decannulation, and stage of pregnancy. Many
patients will have delivered before or during ECMO support,
but for those remaining pregnant after successful ECMO wean-
ing, antenatal care will follow a high-risk pathway requiring
close multidisciplinary working between obstetric, neonatal,
and critical care teams.

In addition to disease-specific and obstetric antenatal
and postnatal care, the peripartum ECMO patient should
be seen in an ECMO or intensive care follow-up clinic at
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3-6 months post-discharge from critical care. All intensive
care survivors are at risk of post-intensive care syndrome
(PICS), which encompasses new or worsening impairments
in physical, cognitive, or mental health arising after critical
illness and persisting beyond discharge from the acute care
setting.®

Impairments can be profound and last for months or years.
They have been shown to significantly impair quality of life, in
addition to increasing risks of future healthcare utilization and,
in the case of the peripartum ECMO patient, the ability to care
for an infant.?* Age, preexisting comorbidities, and frailty are
risk factors for PICS.%> The peripartum ECMO patient is likely to
be younger with a better physiological baseline and health sta-
tus than the overall ECMO patient cohort providing some pro-
tection against developing PICS symptoms, however, female
sex is a risk factor for adverse mental health outcomes.®> A
population-based retrospective cohort study of greater than
4,000 participants matching ECMO survivors to non-ECMO
critical care survivors showed a modestly increased risk of new
mental health diagnoses or social problems in those requir-
ing ECMO.*® The psychological sequelae of critical illness
can be just as disabling as the physical adverse effects, signifi-
cantly hamper physical recovery and, in the case of postpar-
tum patients, affect infant bonding. Pregnant and post-partum
patients may be at particular risk especially if they have experi-
enced a pregnancy loss or have other risk factors for postnatal
depression. Long-term quality of life regarding physical and
mental health is lower in patients who require obstetric inten-
sive care admission.®”

Critical care or ECMO follow-up clinics provide an oppor-
tunity to screen for specific PICS symptoms with referral to
appropriate support services, such as rehabilitation programs,
peer-support groups, and medical psychology services, when
problems are identified.

Newborn Outcomes and Follow-Up

Although the body of literature on pregnant patients sup-
ported with ECMO is growing, few publications describe fetal
outcomes.**3>7! Survival rates for fetuses of patients supported
on ECMO are approximately 65-71%.%4"" Fetal survival dif-
fered significantly, however, according to the timing of ECMO
onset, with an 8% neonatal mortality rate when ECMO was
initiated after delivery in contrast to a 45% stillbirth rate when
onset before delivery.*

Furthermore, 36% of patients started on ECMO while preg-
nant experienced spontaneous in-ICU expulsions at viability,
and preterm deliveries occurred at approximately 50%, of
which nearly 30% required neonatal intensive care admis-
sion.*3 Moreover, the infants that were born alive to patients
receiving ECMO had low Apgar scores (0-6), respiratory fail-
ure, and growth restriction.'®**”" Supporting mothers with
ECMO while pregnant allowed for longer intrauterine time for
fetal growth and resulted in no higher rates of NICU stay nor
long-term disability compared with infants born at 34 weeks
and before mothers were cannulated onto ECMO.**

Few studies evaluate the long-term outcomes of infants born
to patients on ECMO. Two studies show no severe preterm
morbidity in children born to patients on ECMO and reported
normal neurological developmental abilities after a median

follow-up of 60 months.?** Analyses of the possible side
effects of ECMO on fetal development are necessary, and data
collected should include gestational age, mode of delivery,
birth weight, need for neonatal intensive care, complications
of preterm birth (ie, intraventricular hemorrhage, bronchopul-
monary dysplasia, necrotizing enterocolitis, retinopathy, or
cerebral palsy), infant health status, and neurological develop-
ment at follow-up.>
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