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Abstract

Background: For infants with severe congenital diaphragmatic hernia (CDH) stabilized with extracorporeal mem-
brane oxygenation (ECMO), early repair on ECMO improves outcome; however when compared to operative repair
after ECMO, repair on ECMO is associated with increase bleeding risk and need for blood product transfusions.

Methods: A retrospective review of 54 patients with CDH placed on ECMO prior to CDH repair was performed. For
the subset of patients repaired on ECMO, analysis comparing those repaired early (within 48 h of cannulation) and
late (beyond 48 h) on ECMO was performed. Outcomes of interest included survival to discharge, days on ECMO, and
postoperative blood product utilization.

Results: When compared to those patients repaired prior to 48 h of ECMO initiation, 57.7% of patients survived
versus 40.9% of late repair patients. For those repaired early, blood product utilization was significantly less. Early repair
patients received a median of 72 mlL/kg packed red blood cells (PRBC) and 75 mL/kg platelets compared to 151.9 mL/
kg and 98.7 mL/kg, respectively (p < 0.05 respectively). There was no difference in median days on ECMO (p = 0.38).
Conclusion: Our data supports prior reports of improved outcome with repair with 48 h of ECMQO initiation and sug-
gests early repair on ECMO is associated with less bleeding and decreased blood product requirement in the postop-
erative period.

Keywords: Congenital diaphragmatic hernia (CDH), Extracorporeal membrane oxygenation (ECMO), Packed red
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What is known What is new

+ ECMO use is associated with more severe CDH and + Early CDH repair after ECMO cannulation is associ-

increased risk of morbidity and mortality. ated with lower perioperative blood product utiliza-
+ DPatients with CDH have increased perioperative tion.
bleeding when repaired on ECMO. + Delaying CDH repair on ECMO in severe patients is

not associated with improved outcomes.
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Background

Congenital diaphragmatic hernia (CDH) is a severe con-
genital anomaly characterized by pulmonary hypoplasia
and pulmonary hypertension due to abdominal visceral
herniation into the chest. Up to 40% of patients born
with CDH fail conventional cardiopulmonary support
and are placed on extracorporeal membrane oxygenation
(ECMO) for stabilization [1]. Despite advancements in
neonatal care, survival among infants placed on ECMO
has plateaued around 50%, with a direct correlation
between CDH severity and mortality, where the use of
ECMO is both a marker of disease severity and a risk fac-
tor for increased morbidity and mortality [2, 3]. ECMO
use is associated with increased bleeding risk and mortal-
ity [4, 5] which is exacerbated when CDH repair is per-
formed on ECMO.

Where possible, for those patients needing ECMO,
repair after ECMO is preferred [5-8]; however for high-
risk patients, repair on ECMO is often necessary to mini-
mize the risk of non-repair, allow for compensatory lung
growth, and improve the chance of survival [9, 10]. The
optimal timing of CDH repair on ECMO, whether early
or late after cannulation, is yet to be established; however,
published reports to date suggest benefit with early repair
[6, 9-13]. In a recent study, Dao et al. reported that for
centers that perform mostly on ECMO repairs, mortal-
ity is improved with early repair on ECMO when com-
pared to repair after weaning from ECMO [11]. While
counter to many studies that suggest improvement in
survival when repair is delayed until after ECMO decan-
nulation, this report adds to the controversy and debate
as to optimal timing of repair for the subset of CDH
patients requiring ECMO. What is clearly outlined in the
literature is salvage repair late when patients fail to wean
from ECMO is associated with the worst outcomes [9—
11]. This could be secondary to disease severity in these
patients, but may also be related to increased complica-
tions with late repair on ECMO. Since there is no reliable
marker for predicting which patients will quickly wean
from ECMO support, based on current reports, early
repair on ECMO is recommended; however, ongoing dis-
cussions as to optimizing on ECMO repair is important
[14].

Not unexpectedly, patients repaired off ECMO have
a significantly lower risk of bleeding complications [5];
however, the effect of surgical timing on bleeding risk
for patients repaired on ECMO is not established in the
literature. Prolonged ECMO runs are associated with
increased hemorrhagic and thrombotic events, both from
anticoagulation therapy and hemolysis [15], and some
studies suggest the ECMO circuitry leads to increased
platelet activation and consumption of platelets and
coagulation factors [16]. This coagulopathy results in
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higher transfusion requirements for patients on ECMO
[17] and could theoretically increase bleeding risk when
patients are repaired on ECMO after a longer duration of
cannulation. Therefore, we hypothesized that early repair
on ECMO, which we define as within 48 h of ECMO can-
nulation, would be associated with decreased transfusion
requirements compared to later repair on ECMO and
would have better survival outcomes.

Methods

Patient population and study design

A retrospective review was performed of all patients
with CDH placed on ECMO and cared for at Children’s
Hospital Colorado (CHCO) between 2008 and 2020 as
approved under institutional review board (COMIRB)
protocol number 13-1493. Patients who were placed on
ECMO prior to CDH repair were included in the study.
Patient characteristics and outcomes were compared
for patients repaired on ECMO and off ECMO. As most
patients were repaired on ECMO at our institution, and
current recommendations are not standardized on timing
of on ECMO repair, analysis of repair timing on outcomes
was compared for patients repaired early on ECMO
(within 48 h of ECMO initiation) and those repaired late
(beyond 48 h of ECMO cannulation). Primary outcomes
for analysis were survival to discharge, ECMO duration,
and blood product utilization in the perioperative period.
Blood product usage was defined as packed red blood cell
(PRBC), fresh frozen plasma (FFP), platelet, and cryopre-
cipitate (cryo) volume per kilogram within the first 5 days
postoperatively. Secondary outcomes included neonatal
survival, bleeding complications, and days of mechani-
cal ventilation. A bleeding complication was defined as a
surgical site bleed as documented in the chart or requir-
ing a procedural intervention.

CDH management and decision for ECMO initiation

In our institution, care of patients with CDH utilizes a
multidisciplinary team model consisting of neonatolo-
gists, pediatric surgeons, maternal fetal medicine spe-
cialists, cardiologists, and radiologists. As part of the
prenatal evaluation, fetal ultrasound (US) and magnetic
resonance imaging (MRI) are performed between 20
and 24 weeks and repeated at 34 weeks gestational age;
for the purpose of this study, MRI data from the 34-week
gestational age MRI was used for consistency.

At our institution, we have a CDH delivery team,
comprised of a neonatal team leader present at all CDH
deliveries, with two additional neonatal attendings, a
nurse practitioner, a neonatal nursing team, and an ICU
pharmacist. The approach to resuscitation is standard-
ized and involves a coordinated role-based approach to
initial stabilization. While one neonatologist intubates, a
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second simultaneously places umbilical lines, an umbili-
cal artery catheter (UAC), and low-lying umbilical vein
catheter (UVC), for early assessment of gas exchange
and titration of ventilator support. For infants prenatally
diagnosed with a percent predicted lung volume (PPLV)
< 15% on MR, delivery is via scheduled cesarean sections
(C/S). Following intubation, initiation of ventilation, and
umbilical line placement, patients are placed on ECMO
in the delivery room.

For the remainder of patients, a functional echocar-
diogram is performed in the delivery room to assess left
ventricular (LV) performance and severity of pulmo-
nary hypertension. Patients with moderate or severe LV
dysfunction as determined by a pediatric cardiologist
are treated with milrinone and low dose epinephrine
infusion, while patients with normal LV function are
treated with inhaled nitric oxide. Strict gentle ventila-
tion parameters are adhered to during initial stabilization
and patients who exceed these parameters are cannu-
lated to ECMO in the delivery room. Additional criteria
for ECMO cannulation at our institution are outlined in
Table 1. Surgical repair timing for these patients was at
the surgeon’s discretion.

Anticoagulation and blood product management

for patients on ECMO

Patients are maintained on ECMO with heparin as the
primary mode of anticoagulation, using a standardized
low bleeding risk heparin titration algorithm and moni-
toring of anti-Xa levels, targeting a level of 0.2-0.5. The
heparin rate is titrated based on anti-Xa levels collected
every 4 h with rate adjustments of 5-15% when out of
goal range. Coagulation studies are performed every 6 h.
Platelets are kept greater than 80,000 with a hematocrit
greater than 36, and coagulation parameters are initially
corrected to a prothrombin time (PT) < 18 s and fibrino-
gen > 120 mg/dL. All transfusions are given in 10mL/kg
aliquots.

The perioperative ECMO anticoagulation algo-
rithm is implemented 4 h prior to surgery with
holding of the heparin, as previously described, and ami-
nocaproic acid (amicar) is given 1 h prior to incision [16].
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Intraoperatively, heparin is held and amicar is infused
at 30 mg/kg/h. Amicar is continued at this rate for 24
h after surgery and restarted if thromboelastography
(TEQG) suggests clot lysis (lysis 30 > 4%). Anti-coagulation
with heparin is restarted at 6 h after surgery and titrated
per high-risk bleeding protocol with goal anti-Xa level of
0.2-0.4. This is adjusted to a moderate-risk protocol at
24-48 (0.3-0.5) h postoperatively and if no signs active
bleeding is transitioned to a low-risk bleeding protocol
(0.4-0.7) on postoperative day 2. The same coagulation
parameters described above are followed to guide trans-
fusions; however, TEG is additionally utilized to guide
initiation of amicar when clot lysis is suggested by the
study. Platelet transfusion is considered for a maximum
amplitude (MA) < 48mm and cryoprecipitate is consid-
ered for a low alpha-angle < 59°, as described previously
[19]. Once deemed a low-risk bleeding profile (48 h after
surgery with no evidence of bleeding and a stable coagu-
lation profile), fibrinogen, platelet, TEG, prothrombin
time, and partial thromboplastin time are followed daily
while anti-Xa levels are followed daily and every 4 h for
heparin adjustments.

Statistical analysis

Non-parametric continuous variables are described as
median with interquartile range (IQR) and categori-
cal variables are described as a percentage. Continuous
variables were compared using the Mann-Whitney U test
while categorical variables were compared using the Fish-
er’s exact test with a two-sided significance level of a <
0.05. Statistical analyses were performed using GraphPad
Prism 8 (GraphPad Software, San Diego, CA).

Results

Patient selection

As depicted in Fig. 1, 61 patients were placed on ECMO
during their hospitalization. Seven patients were
excluded from analysis. Four were placed on ECMO
during the postoperative period, two underwent feto-
scopic endotracheal occlusion (FETO), and one had a
severe bronchial anomaly that was found postnatally and
placed on hospice. Of the 54 patients analyzed, six were

Table 1 Institutional practices for initiating ECMO cannulation in CDH patients. HFOV high-frequency oscillatory ventilation, SBP

systolic blood pressure

Indications for ECMO initiation

Mean airway pressure > 16cmH,0 and amplitude > 40 on HFOV to maintain pCO, < 60mmHg

Preductal PaO2 < 40 mmHg (repeated twice, 2 h apart) [18]

Inability to maintain SBP > 60 mmHg on 3 vasopressors (dopamine 20mcg/kg/min, epinephrine 0.5mg/kg/min, and vasopression 0.05 units/kg/mi)

Inadequate tissue perfusion (refractory metabolic acidosis, rising lactate)
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All ECMO Patients

n==61
» | Excluded:
FETO(n=2)
Post-op ECMO (n =4)
Pre-op ECMO Bronchial Anomaly (n=1)
n=>54
Repair Off ECMO Repair On ECMO
n=6 n =48
Early Repair Late Repair
n=26 n=22

Fig. 1 Patient selection for analysis

repaired off ECMO (off ECMO group). One patient was
not repaired after 13 days on ECMO and was included
in the “repair on ECMO” group as there was an intention
to treat and the non-repair population is important to
analyze when discussing survival with delaying repair on
ECMO for the goal of first decannulating. Of 48 patients
in the on ECMO group, 26 were repaired within 48 h of
ECMO cannulation (early repair) and 22 were repaired
beyond 48 h on ECMO (late repair).

Repair off ECMO versus repair on ECMO

Patient characteristics between patients who were
repaired off ECMO and those repaired on ECMO are
compared in Table 2. Patients who were decannulated
prior to CDH repair were repaired later (p = 0.0002).
Only 33.3% of patients repaired off ECMO had an
intrathoracic liver compared to 95.8% of patients repaired
on ECMO (p = 0.0007). Similarly, off ECMO patients
had significantly higher median PPLV on MRI of 21.7%
compared to the on ECMO group of 14.3% (p = 0.0131).
Post-natal outcomes comparing patients repaired on
ECMO to those who were repaired off ECMO are sum-
marized in Table 3. While there was no statistical differ-
ence in bleeding complication with this cohort, there was
significantly less blood product usage with lower PRBC,
FFP, and platelet transfusion requirements in off ECMO
repair compared to on ECMO repair (p < 0.0001).

Early repair on ECMO versus late repair on ECMO

A subset analysis of patients repaired early on ECMO
and those repaired late on ECMO was performed, with
comparison of patient characteristics between these
groups shown in Table 4. The two groups were similar
with regard to patient demographics including gesta-
tional age, gender at birth, and birth weight; however, a
prenatal diagnosis was significantly more common in
the early repair group (p = 0.0008), which correlated
with more cesarean section deliveries in this group (p =
0.0395). The majority of patients were cannulated within
24 h of life, with median day of life 1 for both groups (p =
0.92). The two groups were similar in all markers of pre-
natal risk factors including PPLV on MRI and observed-
to-expected lung-to-head ratio (O/E LHR), presence of
an intrathoracic liver, and side of hernia.

A summary of patient outcomes comparing early on
ECMO repair to late on ECMO repair is depicted in
Table 5. 57.7% of early repair patients survived to dis-
charge compared to 40.9% of late repair patients (p =
0.3852) and there was additionally no significant dif-
ference in duration of ECMO use between the groups.
Although there was no statistical difference in the num-
ber of patients needing surgical intervention for bleed-
ing, early ECMO repair was associated with significantly
lower PRBC and platelet transfusion compared to late
repair. Early repair patients received a median of 72.0
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Table 2 Patient characteristics for off ECMO repair v. on ECMO repair. Off ECMO repair patients were less likely to have an intrathoracic

liver and had a higher median PPLV than those repaired on ECMO. Data is presented as median (IQR) or as a percentage

Variable Off ECMO repair® On ECMO repair® P-value
Assigned female at birth 4/6 (66.7%) 23/48 (47.9%) 0.6687
Caucasian 6/6 (100%) 31/48 (60.4%) 0.1607
Birth weight (kg) 3.1(2.8-34) 3.0(25-3.0) 03573
Gestational age at birth 38(37.3-38) 38(37-38) 0.5882
Congenital heart defect 0/6 (0%) 6/48 (12.5%) >0.9999
C-section delivery 2/6(33.3%) 28/48 (58.3%) 0.3890
1-min APGAR 2.5(01-7) 3(1.5-5) (h=135) 0.9036
5-min APGAR 6.5 (6-8) 5(4.25-7) (n = 35) 0.2743
pH at birth 7.11(7.05-7.11) (n=4) 7.02 (6.95-7.14) (n = 46) 04294
Day of life ECMO started 1.0(1.0-1.75) 1.0(1.0-1.0) 0.4037
Day of life repaired 11 (8.25-16) 3(2-6) 0.0002
Left-sided hernia 6/6 (100%) 33/48 (68.8%) 0.1702
Intrathoracic liver 2/6(33.3%) 46/48 (95.8%) 0.0007
Prenatally diagnosed 6/6 (100%) 40/48 (83.3%) 0.5754
Prenatal imaging

LHR (US) 13(1.2-13)(h=3) 1.0(0.7-1.2) (n =29) 0.0971

O/E LHR (US) 57.8(57.8-57.8) (n=1) 34.8 (23.1-42.4) (n = 30) n/a

TLV (MRI) 184 (13.5-26.9) (n =3) 203 (13.8-42.4) (n = 35) 0.9595

PPLV (MRI) 21.7 (204-229) (n =3) 143 (12-16.9) (n = 34) 0.0131

2 n = 6,°n = 48 unless otherwise noted

Table 3 Patient outcomes with on ECMO versus off ECMO
repair. Data is presented as median (IQR) or as a percentage

Outcome Off ECMO repair® On ECMO repair® P-value
Survival to DC 5/6 (83.3%) 24/48 (50%) 0.1999
Days on ECMO® 7(6-12) 12.5(8-17.5) 0.0911
30-day survival 6/6 (100%) 34/48 (70.8%) 03213
Hospital length of 53 (49-90) 94 (72.5-230) 0.0240
stay©

Days of MV© 23 (14-27) 35(26.5-139.5) 0.0163
Bleeding complica- 0/6 (0%) 21/48 (43.8%) 0.0710
tion

Perioperative PRBC 0(0-59.3) 90.0 (60.0-187.8)  <0.0001
(mL/kg)

Perioperative FFP 0(0-23.5) 77.1(31.5-1409) <0.0001
(mL/kg)

Perioperative Plt 0(0-12.9) 84.7 (63.1-1353)  <0.0001
(mL/kg)

Perioperative Cryo 0(0-8.4) 0(0-18.6) 0.1223
(mL/kg)

2 n = 6, °n = 48 unless otherwise noted

€ Comparison between patients who survived to discharge

mL/kg PRBC and 75.0 mL/kg platelets while late repair
patients received a median 151.9 mL/kg and 98.7 mL/
kg, respectively. Secondary outcomes of length of stay
and days of mechanical ventilation were no different
between the two groups; however, the early repair group

had trends towards less days on mechanical ventilation
(median of 33 days (IQR 23-69 days) versus 56 days (IQR
31-201 days) and shorter length of stay (median of 93.5
days (IQR 68.8—161.3 days) versus 125 days (IQR 78-259
days). Finally, early repair had significantly higher neo-
natal period survival at 84.6% compared to 54.5% of late
repair patients (0.0294).

Discussion

We found that among patients who were repaired on
ECMO, early repair within 48 h of cannulation was asso-
ciated with significantly lower blood product utilization
in the postoperative period, specifically with reduced
transfusion of platelets and PRBCs. One possible reason
for this reduction in blood product usage is the signifi-
cant coagulopathy associated with longer ECMO dura-
tion, such as platelet consumption and hemolysis [15,
16]. This is consistent with our data presented in Table 3
showing that our patients who were repaired after ECMO
decannulation had significantly lower perioperative
transfusion requirements, with the majority requiring no
postoperative transfusions.

Although there were only six patients at our institu-
tion who were repaired after ECMO decannulation, it is
important to note that they had trends toward improved
survival with 83% survival to discharge compared to
50% of patients who underwent on ECMO repair. The
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Table 4 Patient characteristics comparing early on ECMO repair versus late on ECMO repair. The two groups had similar prenatal risk
factors, but the early repair group was more likely to be prenatally diagnosed and have earlier ECMO cannulation. Data is presented as

median (IQR) or as a percentage

Variable Early repair® Late repair® P-value
Assigned female at birth 11/26 (42.3%) 12/22 (54.5%) 0.5627
Caucasian 19/26 (73.1%) 12/22 (54.5%) 0.2323
Birth weight (kg) 3.0(2.5-3.0) 29(24-3.1) 0.9380
Gestational age at birth 38 (37-38) 38 (37.5-385) 0.0605
Congenital heart defect 3/26 (11.5%) 3/22 (13.6%) >0.9999
C-section delivery 19/26 (73.1%) 9/22 (40.1%) 0.0395
1-min APGAR 4 (2-6) 3(1-5) 04218
5-min APGAR 7 (5-8) 5(4-6.8) 0.0610
pH at birth 7.02 (6.95-7.09) (n = 25) 7.01 (6.9-7.19) 0.7623
Day of life ECMO started 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.9203
Day of life repaired 2(2-2.75) 7 (5-9) <0.0001
Left-sided hernia 17/26 (65.4%) 16/22 (72.7%) 0.7563
Intrathoracic liver 25/26 (96.2%) 21/22 (95.5%) >0.9999
Prenatally diagnosed 26/26 (100%) 14/22 (63.6%) 0.0008
Prenatal imaging
LHR (US) 1.05 (0.68-1.23) (n = 20) 0.89 (0.73-1.09) (n = 10) 0.7865
O/E LHR (US) 349 (27.5-424) (n =22) 24.5(20-42.7) (n=9) 0.2970
TLV (MRI) 19.0 (12.8-24.5) 23 (16-26.6) (n =9) 0.6194
PPLV (MRI) 13.5(11-16.7) (n = 25) 15(14-19) (n=9) 0.1287

2 n = 26, °n = 22 unless otherwise noted

Table 5 Patient outcomes with early on ECMO repair versus late
on ECMO repair

Outcome Early repair® Late repair® P-value
Survival to DC 15/26 (57.7%) 9/22 (40.9%) 0.3852
Days on ECMO® 12 (8-15) 14 (10-18) 0.3847
30-day survival 22/26 (84.6%) 12/22 (54.5%) 0.0294
Hospital length of stay®  93.5 (68.8-161.3) 125 (78-259) 0.5674
Days of MV© 33 (23-69) 56 (31-201) 0.1507

Bleeding complication  9/26 (34.6%) 12/22 (54.5%) 0.2439

Perioperative PRBC 72.0(49.8-91.4) 151.9(944-2484) 0.0015

(mL/kg)

Perioperative FFP (mL/  79.3 (34.1-126.3) 76.8(31.4-203.3) 04662
kg)

Perioperative Plt (mL/kg) 75.0(61.7-87.6) 987 (72.3-174.7) 0.0486
Perioperative Cryo (mL/ 0 (0-9.7) 6.7 (0-32.2) 0.1761
kg)

Data is presented as median (IQR) or as a percentage

2 = 26, °n = 22 unless otherwise noted

€ Comparison between patients who survived to discharge

patients who were repaired off ECMO also tended to
have a shorter ECMO duration, with median duration
of 7 days compared to 12.5 days for those repaired on
ECMO. This is likely secondary to severity of illness as
antenatal predictors were more favorable in this group;

however, other factors such as outborn versus inborn
may have contributed. To date, there is unfortunately not
a predictive model for determining which patients will
successfully wean from ECMO prior to repair. We found
in our review that patients repaired off ECMO had sig-
nificantly higher median PPLV on MRI and were more
likely to have an intra-abdominal liver, which could high-
light some important predictors for patients who may be
good candidates to attempt to wean from ECMO prior to
repair rather than undergo an early repair on ECMO. In
our report, patients with an O/E LHR <35% tended to be
repaired on ECMO which when combined with intratho-
racic liver position may serve as a marker for who should
be repaired on ECMO. Defining the optimal candidate
for repair on ECMO is yet to be elucidated; however,
when considering repair on ECMO, current evidence as
well as our data suggest benefit with early over late repair.

For patients who undergo surgical repair while on
ECMO, early repair could not only reduce ECMO-
associated bleeding risk at the time of repair but could
theoretically permit earlier compensatory lung growth
while resting on ECMO, although outcomes have been
mixed [6, 11-13]. Robertson et al. found that survival
was not significantly different between those repaired
before and after 5 days following cannulation at 43.3%
and 41.2%, respectively [6]. Dassinger et al., meanwhile,
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showed a survival of over 70% in those repaired on
ECMO after a mean duration of cannulation of 55 h
with significantly lower bleeding complications com-
pared to registry data where mean timing of repair was
just under 7 days [12]. Early repair on ECMO could
potentially lower overall duration of ECMO use as well;
our data showed a trend toward lower median duration
of ECMO at 12 days in the early repair group compared
to 14 days in the late repair group. These patients also
trended toward lower duration of mechanical ventila-
tion and shorter lengths of hospitalization, which could
have major clinical significance, but will require fur-
ther investigation with larger data sets to confirm these
trends.

Although statistical significance was limited by power,
similar to previously published reports, we see a 16.8%
greater survival to discharge (57.7% compared to 40.9%)
in the early on ECMO repair group, which had simi-
lar prenatal risk factors for CDH severity as the late on
ECMO repair group. Despite this, there was a higher
neonatal survival in the early on ECMO repair group,
which may be secondary to decreased surgical risk and
less ECMO-related platelet consumption and hemolysis
when compared to the late on ECMO repair group, as up
to 18% of mortality following CDH repair on ECMO can
be attributed to post-surgical bleeding [5]. 34.6% of the
early repair group had a bleeding complication requiring
surgical intervention compared to 54.5% in the late repair
group, which while not statistically significant, is clini-
cally very significant and was associated with significant
differences in PRBC and platelet transfusion require-
ments. Cryoprecipitate use was low for all patients,
with the majority of patients not receiving cryoprecipi-
tate postoperatively regardless of grouping. Median FFP
transfusion requirement was similar for both the early
and late repair groups, which was a surprising find-
ing in our study. We would have expected increased
utilization of all blood products, but it is possible that
increased platelet consumption is the greater contribu-
tor to bleeding risk in the late repair group, and further
investigation of the effect of prolonged ECMO duration
on clotting factors may be beneficial in guiding optimal
product utilization. Indications for FFP transfusion at our
institution is a PT > 24 s and if it is greater than 24 s for
three consecutive tests will start a continuous FFP infu-
sion at 10mL/kg/h. At our institution, patients who were
repaired off ECMO received a median 15.66 mL/kg FFP
per day on ECMO, which is similar to the 16.21 mL/kg
FEP per day seen in those repaired on ECMO. This sug-
gests that baseline FFP transfusion requirements are high
while patients are on ECMO, and therefore, we may not
see a significant increase at the time of surgery without a
larger sample size.
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Early repair on ECMO may not only reduce bleed-
ing risk associated with CDH repair, but by lowering
transfusion requirements it could reduce both cost and
transfusion risks. We did not see any transfusion-related
complications in our cohort of patients; however, higher
transfusion requirements increase the potential for com-
plications such as infection, transfusion-related acute
lung injury (TRALI), and febrile non-hemolytic transfu-
sion-related reactions [18, 20].

As a single-institutional study, there is a limit to its
generalizability across institutions, as our described
protocols may differ from other programs. Most of our
patients who undergo ECMO cannulation preopera-
tively are repaired on ECMO, so a critical evaluation of
our on-ECMO outcomes is important but limited by the
retrospective nature of the review. Clinical implications
of repair timing on long-term survival and ECMO usage
will require ongoing prospective evaluation and multi-
institutional study. Our data suggests that for patients
who undergo early repair on ECMO, there is a reduc-
tion in PRBC and platelet transfusion requirements with
improvements in neonatal survival. To our knowledge,
this is the first study to evaluate the association of sur-
gical timing on ECMO with perioperative blood product
usage, which could have implications for more effective
resource utilization.
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