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Introduction

Extracorporeal membrane oxygenation (ECMO) is an 
invasive form of life support that has been used to treat 
select groups of neonates with severe cardiorespiratory fail-
ure. Studies have shown that ECMO can lead to improved 
survival compared to conventional management.1-3 
However, long-term complications among survivors, such 
as neurodevelopmental delay and functional deficits, are 
common.3-6 Long-term complications may result from 
both the underlying disease processes for which ECMO 
was initiated as well as from the use of ECMO itself.

Therapeutic hypothermia has been shown to miti-
gate neurologic injury in some populations. In term and 
late preterm neonates with hypoxic ischemic encepha-
lopathy, several studies have found reduced mortality 
and improved long-term neurodevelopmental outcomes 
when whole-body hypothermia was administered ≤6 

hours after birth.7-10 However, in other pediatric popu-
lations, including infants and children with cardiac 
arrest, the use of therapeutic hypothermia did not con-
fer benefit on survival or neurologic outcomes.11,12
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The use of therapeutic hypothermia during ECMO 
as a neurologic protective strategy has gained interest 
among clinicians despite limited data.13-16 Initial pilot 
studies in neonates treated with therapeutic hypother-
mia during ECMO did not report increased bleeding 
complications.13,14 However, others have reported pro-
longed coagulation profiles, thrombocytopenia and 
bleeding events.15 The Neonatal ECMO Study of 
Temperature (NEST) trial was a randomized trial to 
compare ECMO with therapeutic hypothermia versus 
standard ECMO in neonates requiring ECMO for rea-
sons other than diaphragmatic hernia or post-cardiac 
surgery.16 The use of hypothermia during ECMO did 
not result in improved outcomes at 2 years of age. 
Indeed, a pattern of small differences favoring standard 
ECMO was consistently observed across the health and 
neurologic outcomes investigated. In the current study, 
we use data from the multisite Bleeding and Thrombosis 
during ECMO (BATE) study17 to further investigate the 
relationship between the use of therapeutic hypother-
mia during neonatal ECMO and complications, mortal-
ity and functional status among survivors.

Methods

Design and Setting

The study was a secondary analysis of data from the 
BATE study,17 which investigated the incidence of bleed-
ing and thrombosis in neonatal and pediatric ECMO 
patients. In the BATE study, observational data were 
collected prospectively at eight children’s hospitals affili-
ated with the Eunice Kennedy Shriver National Institute 
of Child Health and Human Development (NICHD) 
Collaborative Pediatric Critical Care Research Network 
between December 2012 and September 2014. The 
Institutional Review Boards for each hospital and the 
Data Coordinating Center at the University of Utah 
approved the study with waiver of parental permission.

Study Population

The BATE study included 514 neonatal and pediatric 
patients receiving ECMO in a neonatal, pediatric or car-
diac intensive care unit (ICU).17 In this secondary analy-
sis, only neonatal patients (<30 days of age) were 
included (n=267). Only the initial ECMO course was 
included for patients who received ECMO more than 
once.

Data Collection

Data collected were gestational age at birth, age and 
weight at initiation of ECMO; primary diagnostic cat-
egory (i.e., respiratory or non-respiratory); presence of 

meconium aspiration, congenital diaphragmatic her-
nia, or persistent pulmonary hypertension of the new-
born; indication for ECMO; mode of ECMO; 
cardiopulmonary bypass (CPB) in 24 hours prior to 
ECMO; transition from CPB directly to ECMO; 
Oxygenation Index (OI),18 Vasoactive Inotrope Score 
(VIS)19,20 and presence of infection immediately prior 
to the initiation of ECMO; vital signs, blood laboratory 
values and volume of red cell transfusion during the 
first seven days of ECMO; clinical site; outcomes. 
Outcomes included complications during the first 
seven days of ECMO; duration of ECMO and ICU and 
hospital stay; survival to hospital discharge; functional 
status at hospital discharge among survivors.

Indications for ECMO were categorized as respira-
tory, cardiac or extracorporeal cardiopulmonary resus-
citation (eCPR). The mode of ECMO was categorized as 
veno-arterial (VA) or veno-venous (VV). VV ECMO 
that was converted to VA was categorized as VA ECMO. 
The oxygenation index (OI) was calculated from the 
mean airway pressure (MAP), fraction of inspired oxy-
gen (FiO2) and partial pressure of oxygen in the arterial 
blood (PaO2) as MAP x FiO2 x 100/PaO2.18 The vasoac-
tive inotrope score (VIS) was calculated from the hourly 
dose of dopamine, dobutamine, epinephrine, milrinone, 
vasopressin and norepinephrine.19,20 Higher VIS scores 
indicate greater vasoactive and inotropic support. 
Infection was defined as a positive bacterial, fungal or 
viral culture or polymerase chain reaction (PCR) test. 
Vital signs and blood laboratory values were those col-
lected closest to 7 am. Blood laboratory values included 
the platelet count, fibrinogen concentration, activated 
clotting time, arterial pH and lactate.

The use of therapeutic hypothermia was not 
recorded in the BATE study. For the purpose of this 
secondary analysis, we categorized patients as receiv-
ing therapeutic hypothermia if their core body tem-
perature recorded closest to 7 am was ≤34oC for two 
consecutive days during the first three days of ECMO 
(i.e., Day 1 and 2 or Day 2 and 3). Therefore, the use of 
therapeutic hypothermia was based on two tempera-
tures 24 hours apart. If the core body temperatures 
were not available, the blood temperature in the 
ECMO circuit was recorded. We defined therapeutic 
hypothermia in this manner because it is unlikely that 
patients receiving ECMO would have a core or blood 
temperature ≤34oC for this duration if it were not 
intentionally maintained.

Complications included neurologic events, bleeding 
events, thrombotic events, renal failure, hepatic dys-
function and new infection occurring on at least one 
day during the first seven days of ECMO. Neurologic 
events included seizures (clinical or electrographic), 
intracranial hemorrhage or infarction and brain death. 
Bleeding events were defined as blood loss with enough 
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clinical significance to require a transfusion or intracra-
nial hemorrhage. Thrombotic events included intracra-
nial infarction, limb ischemia, pulmonary embolus, 
intra-cardiac thrombus, aorto-pulmonary shunt throm-
bus, other sites of thrombosis and circuit thrombosis 
requiring replacement of a circuit component. Renal 
failure was defined as a creatinine concentration >176 
µmol/L (>2 mg/dL) or use of renal replacement therapy. 
Hepatic dysfunction was defined as an International 
Normalized Ratio (INR) >2.

Functional status at hospital discharge was evaluated 
among survivors using the Functional Status Scale 
(FSS).21 The FSS assesses function in 6 domains, includ-
ing mental, sensory, communication, motor, feeding 
and respiratory. Domain scores range from 1 (normal) 
to 5 (very severe dysfunction). Total scores range from 
6-30 and are categorized as 6-7 (good), 8-9 (mildly 
abnormal), 10-15 (moderately abnormal), 16-21 
(severely abnormal) and >21 (very severely abnormal). 
Trained research coordinators collected FSS data via 
direct observation, discussion with bedside clinicians 
and review of medical records.

Statistical Analysis

Data were summarized using counts and percentages 
for categorical variables and median and interquartile 
range (IQR) for continuous variables. The association 
between patient factors and therapeutic hypothermia 
use was evaluated with Fisher’s exact test for categorical 
variables and the Wilcoxon rank-sum test for ordinal 
variables. Reported p-values are based on a two-sided 
alternative. This approach was also used to establish the 
relationship between therapeutic hypothermia use and 
outcomes. The observed relationship between thera-
peutic hypothermia and intracranial hemorrhage was 
further investigated using multivariable Poisson regres-
sion models with robust error estimates based on gen-
eralized estimating equations. Importantly, the Poisson 
model considered the outcome of each ECMO day sep-
arately rather than as a single outcome for all study 
days. This approach provided greater power to detect 
associations and allowed assessment of covariates such 
as fibrinogen concentration that change from day to 
day. An autoregressive covariance structure of order 1 
was specified to account for correlation between differ-
ent study days on the same subject. In particular, this 
accounts for a higher correlation between study days 
that are close together, but relatively lower correlation 
between study days that are far apart. The process of 
building a multivariable model began with tests of uni-
variable associations. Variables were considered poten-
tial predictors if they were associated with intracranial 
hemorrhage in univariable analysis (p<0.10) and avail-
able for at least 90% of the study days. The final model 

was selected using bi-directional stepwise selection on 
the potential predictors with a significance criterion of 
p<0.10 to enter and stay in the model. No variables 
were forced into the model. Analyses were performed 
using SAS 9.4 (SAS Institute, Cary, NC).

Results

Of 267 neonates undergoing ECMO, 20 received thera-
peutic hypothermia (Table 1). Neonates receiving ther-
apeutic hypothermia were more likely to have a 
primary respiratory diagnosis and were more likely to 
have persistent pulmonary hypertension of the new-
born than neonates not receiving therapeutic hypo-
thermia. Neonates receiving therapeutic hypothermia 
were less likely to receive VA ECMO or to have received 
CPB in the 24 hours prior to the initiation of ECMO. 
No significant differences were observed in gestational 
age at birth or age or weight at initiation of ECMO 
between groups. Neonates undergoing ECMO received 
therapeutic hypothermia at seven of the eight partici-
pating sites.

Median body temperatures in the therapeutic hypo-
thermia and non-hypothermia groups were 33.5oC 
(IQR 33.0, 33.7) vs 36.3oC (IQR 35.6, 36.7) on Day 1; 
33.4oC (IQR 32.9, 33.6) vs 36.5oC (IQR 36.2, 36.8) on 
Day 2; and 33.5oC (IQR 33.3, 33.6) vs 36.6oC (IQR 36.3, 
36.8) on Day 3. Body temperature over the first seven 
days of ECMO in the therapeutic hypothermia and non-
hypothermia groups is shown in Figure 1.

Neonates receiving therapeutic hypothermia were 
more likely to develop an intracranial hemorrhage 
during the first seven days of ECMO than neonates not 
receiving therapeutic hypothermia (40.0% vs 15.8%, 
p=0.012) (Table 2). No significant difference was 
observed in hospital mortality, functional status at 
hospital discharge, duration of ECMO or duration of 
ICU or hospital stay between neonates receiving thera-
peutic hypothermia and neonates not receiving thera-
peutic hypothermia. Likewise, no significant difference 
was observed in the volume of red blood cells trans-
fused or other complications during the first seven 
days of ECMO.

Univariable associations between patient factors and 
the development of intracranial hemorrhage during the 
first seven days of ECMO are displayed in the 
Supplementary Table S1. Using multivariable analysis, 
factors independently associated with intracranial hem-
orrhage in the first seven days of ECMO included the 
use of therapeutic hypothermia, gestational age at birth, 
age at initiation of ECMO, daily fibrinogen concentra-
tion and mode of ECMO (Table 3).

In total, 47 neonates developed intracranial hemor-
rhage during the first seven days of ECMO (Table 4). 
Neonates with intracranial hemorrhage had higher hos-

http://journals.sagepub.com/doi/suppl/10.1177/0267659117747693
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Table 1. Description of cohort by therapeutic hypothermia.

Therapeutic hypothermia p-value

 No
(N = 247)

Yes
(N = 20)

Gestational age at birth (weeks) 38.0 [37.0, 39.0] 38.0 [38.0, 39.0] 0.9471

Age at ECMO initiation (days) 3.0 [1.0, 7.0] 1.0 [1.0, 3.0] 0.1151

Weight (kg) 3.1 [2.8, 3.5] 3.2 [2.7, 3.4] 0.8371

Male 156 (63.2%) 8 (40.0%) 0.0552

Primary ECMO indication 0.2662

 Respiratory 136 (55.1%) 15 (75.0%)  
 Cardiac 88 (35.6%) 4 (20.0%)  
 eCPR 23 (9.3%) 1 (5.0%)  
Primary Diagnosis 0.0202,3

Respiratory  
 Airway/tracheal 3 (1.2%) 0 (0.0%)  
 Respiratory distress/failure 128 (51.8%) 16 (80.0%)  
Non-respiratory  
 Cardiac arrest 4 (1.6%) 0 (0.0%)  
 Cardiovascular disease - acquired 1 (0.4%) 0 (0.0%)  
 Cardiovascular disease - arrhythmia 2 (0.8%) 0 (0.0%)  
 Cardiovascular disease - congenital 105 (42.5%) 4 (20.0%)  
 Congenital anomaly or chromosomal defect 1 (0.4%) 0 (0.0%)  
 Hypoxic ischemic encephalopathy 1 (0.4%) 0 (0.0%)  
 Sepsis/SIRS/septic shock 2 (0.8%) 0 (0.0%)  
Mode of ECMO 0.0372

 VA 217 (87.9%) 14 (70.0%)  
 VV 30 (12.1%) 6 (30.0%)  
CPB in the 24 hours prior to ECMO initiation 78 (31.6%) 2 (10.0%) 0.0442

Placed on ECMO directly from CPB 37 (15.0%) 1 (5.0%) 0.3262

Meconium aspiration syndrome 41 (16.6%) 6 (30.0%) 0.1342

Congenital diaphragmatic hernia 53 (21.5%) 3 (15.0%) 0.7752

Persistent pulmonary hypertension of the newborn 75 (30.4%) 13 (65.0%) 0.0032

Documented infection prior to ECMO initiation 11 (4.5%) 1 (5.0%) 1.0002

OI prior to ECMO initiation 29.4 [11.0, 50.2] 26.3 [16.0, 50.0] 0.8171

VIS prior to ECMO initiation 0.2021

 None 62 (25.1%) 1 (5.0%)  
 Low 77 (31.2%) 9 (45.0%)  
 High 108 (43.7%) 10 (50.0%)  
Platelet count prior to ECMO initiation (109/L) 179.0 [132.5, 241.5] 163.0 [124.0, 231.0] 0.5441

Clinical Site 0.0212

 A 39 (15.8%) 4 (20.0%)  
 B 59 (23.9%) 3 (15.0%)  
 C 21 (8.5%) 1 (5.0%)  
 D 28 (11.3%) 0 (0.0%)  
 E 18 (7.3%) 1 (5.0%)  
 F 26 (10.5%) 8 (40.0%)  
 G 16 (6.5%) 2 (10.0%)  
 H 40 (16.2%) 1 (5.0%)  

ECMO: extracorporeal membrane oxygenation; eCPR: extracorporeal cardiopulmonary resuscitation; SIRS: systemic inflammatory response 
syndrome; VA: venoarterial; VV: venovenous; CPB: cardiopulmonary bypass; OI: oxygenation index; VIS: vasoactive inotrope score.
1the p-values for ordinal variables are based on the Wilcoxon rank-sum test. Data are expressed as median and interquartile range.
2the p-values for categorical variables are based on Fisher's exact test; for tables larger than 2x2, the p-value is estimated using Monte Carlo 
simulations. Data are expressed as counts and column percentages.
3The p-value for primary diagnosis is based on respiratory vs. non-respiratory and does not consider the subcategories.
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pital morality than those without intracranial hemor-
rhage. Among survivors, neonates with intracranial 
hemorrhage tended to have worse functional status at 
hospital discharge than those without intracranial hem-
orrhage. Neonates with intracranial hemorrhage also 
had shorter duration of ICU and hospital stay.

Discussion

Our findings suggest that the use of therapeutic hypo-
thermia during neonatal ECMO is independently asso-
ciated with intracranial hemorrhage. Lower gestational 
age at birth, younger age at initiation of ECMO, use of 
VA ECMO and lower fibrinogen concentration during 
ECMO were also independently associated with intra-
cranial hemorrhage. Despite an increased occurrence of 
intracranial hemorrhage in hypothermic neonates, no 
differences were observed between hypothermic and 
non-hypothermic neonates in hospital mortality or 
functional status at hospital discharge among survivors.

Early studies of therapeutic hypothermia during neo-
natal ECMO found hypothermia to be feasible and safe 
without coagulopathy or bleeding problems attributable 
to hypothermia.13,14 A later case series by Massaro et al.15 
described five neonates with encephalopathy who met 
the inclusion criteria of the NICHD whole body hypo-
thermia trial7 and who were cooled to 33.5oC for 72 
hours while receiving ECMO for meconium aspiration 
syndrome. All five neonates developed prolonged coag-
ulation profiles and thrombocytopenia during thera-
peutic hypothermia. Massaro et al. report abnormalities 
in platelet count, fibrinogen, prothrombin time and par-
tial thromboplastin time.15 Three infants (60%) had 
intracranial hemorrhage: one with a small choroid 
plexus hemorrhage and two with subdural and intra-

parenchymal hemorrhage. Subsequently, the NEST trial 
randomized 111 neonates to ECMO with therapeutic 
hypothermia (34oC) or standard ECMO (37oC) for 
48-72 hours from the start of their ECMO run.16 
Neonates received ECMO primarily for severe cardi-
orespiratory failure; those with diaphragmatic hernia or 
post-cardiac surgery were excluded. Although nearly all 
neonates (99%) had a head ultrasound performed prior 
to hospital discharge, the proportion in each group with 
intracranial hemorrhage of various degrees was not 
described. Among the serious adverse events reported, 
two neonates had large intracranial hemorrhage; both 
were in the ECMO with hypothermia group. In contrast, 
a recent retrospective study comparing ECMO with 
therapeutic hypothermia to standard ECMO in 96 chil-
dren after cardiac surgery (median age 3.1 weeks) found 
that only two patients (2%) had intracranial bleeding; 
both in the standard ECMO group.22

These inconsistent findings regarding the risk of 
intracranial hemorrhage in neonates treated with thera-
peutic hypothermia during ECMO may be due, in part, to 
differences in the populations studied and study designs. 
For example, neonates receiving ECMO for respiratory 
diagnoses may experience prolonged periods of hypoxia 
and hypercarbia in the pre-ECMO phase of illness that 
can disrupt cerebral autoregulation and increase the 
brain’s vulnerability to hyperemia and hemorrhage dur-
ing the ECMO course.23,24 In our study, 80% of neonates 
treated with therapeutic hypothermia during ECMO had 
a primary respiratory diagnosis and 65% had persistent 
pulmonary hypertension. In a recent study of neonates 
treated with standard ECMO for persistent pulmonary 
hypertension, 34% developed intracranial hemorrhage.25 
This rate is higher than the 7.5-11.2% rate of intracranial 
hemorrhage reported for neonatal ECMO in the 
Extracorporeal Life Support Organization (ELSO) 
Registry.26 The high proportion of neonates undergoing 
ECMO with primary respiratory diagnoses and persistent 
pulmonary hypertension in our therapeutic hypothermia 
group could potentially have contributed to their risk for 
intracranial hemorrhage. However, in our study, neither 
having a primary respiratory diagnosis nor persistent 
pulmonary hypertension was associated with intracranial 
hemorrhage (Supplementary Table S1).

Hypothermia may cause platelet dysfunction, a mild 
decrease in platelet count and alterations in the coagula-
tion cascade.27,28 In addition, hypothermia and rewarm-
ing have been associated with fluctuation in cerebral 
blood flow.29,30 These factors in combination with the 
prolonged coagulation profile and decreased platelet 
count typical of neonates undergoing ECMO may partly 
explain the association between therapeutic hypother-
mia and intracranial hemorrhage in this population.31-33

Our findings suggest that lower gestational age at 
birth and younger age at initiation of ECMO are inde-

Figure 1. Body temperature during the first seven days of 
ECMO in the therapeutic hypothermia and non-hypothermia 
groups. Data represent the median and interquartile range.

http://journals.sagepub.com/doi/suppl/10.1177/0267659117747693
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pendently associated with intracranial hemorrhage. 
Others have similarly reported that gestational age at 
birth, postnatal age and post-conceptual age are related 
to the risk of intracranial hemorrhage during ECMO.34-

36 Using the ELSO registry to investigate the frequency 
of intracranial hemorrhage and mortality among neo-
nates receiving ECMO for respiratory failure, Smith 
et al.36 found both gestational age and postnatal age to 
influence these outcomes. Older neonates (>7 days 

postnatal age) had less intracranial hemorrhage, but 
greater mortality compared to younger neonates (<7 
days). Prematurity was associated with intracranial 
hemorrhage only among neonates <7 days of age. 
Differences in respiratory diagnoses and pathophysio-
logic processes between older and younger neonates 
were suggested explanations for the differences in out-
comes observed. For example, younger neonates were 
more likely to have meconium aspiration as the indica-

Table 3. Multivariable model for intracranial hemorrhage.

Variable Adjusted Relative Risk
(95% CI)

p-value

Age at ECMO initiation (days) 0.90 (0.84, 0.97) 0.007
Gestational age at birth (weeks) 0.81 (0.70, 0.94) 0.004
Therapeutic hypothermia 2.98 (1.12, 7.94) 0.029
Daily fibrinogen concentration 
(0.29 µmol/L (10 mg/dL))

0.95 (0.92, 0.98) <0.001

Mode of ECMO 0.036
 VA Reference  
 VV 0.24 (0.07, 0.91)  

ECMO: extracorporeal membrane oxygenation; VA: venoarterial; VV: venovenous.
Wald confidence intervals and p-values for the adjusted relative risk are based on the Poisson regression model with the autoregressive covariance 
structure of order 1 within subjects and robust error estimates.

Table 2. Complications and outcomes by therapeutic hypothermia.

Therapeutic hypothermia p-value

 No
(N = 247)

Yes
(N = 20)

In-hospital mortality 107 (43.3%) 6 (30.0%) 0.3471

Functional status at hospital discharge 0.3802

 Good 46 (18.6%) 5 (25.0%)  
 Mildly abnormal 62 (25.1%) 8 (40.0%)  
 Moderately abnormal 27 (10.9%) 1 (5.0%)  
 Severely abnormal 5 (2.0%) 0 (0.0%)  
 Not applicable (dead) 107 (43.3%) 6 (30.0%)  
Duration of ECMO (days) 5.3 [2.8, 10.1] 6.7 [3.9, 9.1] 0.7422

Duration of ICU stay (days) 29.0 [15.3, 53.0] 30.0 [14.8, 53.0] 0.9412

Duration of hospital stay (days) 33.6 [16.4, 59.2] 40.5 [15.0, 65.8] 0.9012

Complications in the first seven days of ECMO  
 New documented infection 19 (7.7%) 0 (0.0%) 0.3761

 Bleeding event 144 (58.3%) 15 (75.0%) 0.1631

 Thrombotic event 70 (28.3%) 5 (25.0%) 1.0001

 Intracranial hemorrhage 39 (15.8%) 8 (40.0%) 0.0121

 Neurologic event 82 (33.2%) 9 (45.0%) 0.3291

 Renal failure 74 (30.0%) 9 (45.0%) 0.2081

 Hepatic failure 78 (31.6%) 6 (30.0%) 1.0001

Mean daily RBC transfusion in first seven days 
of ECMO (mL/kg)

35.8 [27.3, 55.9] 45.0 [27.7, 70.4] 0.6282

ECMO: extracorporeal membrane oxygenation; ICU: intensive care unit; RBC: red blood cell.
1the p-values for categorical variables are based on Fisher's exact test. Data are expressed as counts and column percentages.
2the p-values for ordinal variables are based on the Wilcoxon rank-sum test. Data are expressed as median and interquartile range or as counts and 
column percentages.
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tion for ECMO than were older neonates and meco-
nium aspiration had a lower risk of mortality than other 
diagnoses in both age groups. Germinal matrix matura-
tion over the first few days of life in premature infants 
may partly explain why prematurity was associated with 
intracranial hemorrhage only in infants <7 days of age.

The use of VA ECMO compared to VV ECMO was 
independently associated with intracranial hemorrhage 
in our study population. Others have also described the 
increased risk of intracranial hemorrhage with VA 
ECMO;36,37 however, comparisons between ECMO 
modes are also confounded by differences in patient 
populations since VA ECMO rather than VV is typically 
used for cardiac support. Some have suggested that loss 
of pulsatile arterial flow during VA ECMO disturbs cer-
ebral autoregulation and contributes to the increased 
risk of intracranial hemorrhage.24 Lower daily fibrino-
gen concentration was also independently associated 
with intracranial hemorrhage in our study population. 
Previous studies both confirm and refute this find-
ing.25,38 Contrary to earlier reports, we did not find an 
association between platelet count or activated clotting 
time and intracranial hemorrhage.25,39,40 Many inter-
related components contribute to coagulation during 
ECMO and monitoring and treatment of any single 
component is likely to be insufficient to prevent intrac-
ranial hemorrhage.

Strengths of this study include the multisite design 
and daily prospective collection of data from all neo-
nates treated with ECMO during the study period. 
Strengths of the analysis include considering the occur-
rence of intracranial hemorrhage on each study day 
separately rather than as a single outcome for all study 
days. This method allowed covariates that changed from 
day to day (e.g., fibrinogen) and the time course of 

events to be taken into consideration. For example, 
average fibrinogen concentration versus intracranial 
hemorrhage on any study day up to day 7 does not 
incorporate the timing of the hemorrhage relative to the 
changing fibrinogen levels. Considering daily outcomes 
increases the power to detect relationships and the rela-
tionships detected are more meaningful than would 
otherwise be possible.

Limitations of this study include the lack of prospec-
tive documentation of the use of therapeutic hypother-
mia during ECMO and, hence, the need to define the 
therapeutic hypothermia group retrospectively. We cate-
gorized patients as receiving therapeutic hypothermia if 
their core body temperature recorded closest to 7 am was 
≤34oC for two consecutive days during the first three days 
of ECMO (i.e., Day 1 and 2 or Day 2 and 3). Therefore, 
the use of therapeutic hypothermia was based on two 
temperatures 24 hours apart; oscillations in temperature 
during this period are not accounted for, which is a major 
limitation of the study and may have affected our results. 
Indications for therapeutic hypothermia and details of 
management (e.g., method of cooling, intended depth 
and duration of cooling) were not collected. Only twenty 
neonates receiving therapeutic hypothermia during 
ECMO were identified during the study period.

The design of our study as a secondary analysis also 
poses limitations; for example, some important data ele-
ments were not collected in the original BATE dataset, 
such as baseline head ultrasound results prior to can-
nulation. The lack of baseline head ultrasound is a major 
limitation of our study. While many of our patients 
probably had pre-ECMO head ultrasounds, these 
reports were not collected in the BATE study. Therefore, 
it is possible that a pre-existing intracranial hemorrhage 
was classified as new. Head ultrasound was performed 

Table 4. Association between intracranial hemorrhage in the first seven days of ECMO and outcomes.

Intracranial hemorrhage in the first 7 days of 
ECMO

p-value

 No
(N = 220)

Yes
(N = 47)

In-hospital mortality 84 (38.2%) 29 (61.7%) 0.0041

Functional status at hospital discharge 
(among survivors)

0.0602

 Good 48 (35.3%) 3 (16.7%)  
 Mildly abnormal 61 (44.9%) 9 (50.0%)  
 Moderately abnormal 22 (16.2%) 6 (33.3%)  
 Severely abnormal 5 (3.7%) 0 (0.0%)  
Duration of ECMO (days) 5.3 [2.8, 9.9] 5.0 [2.8, 11.3] 0.9902

Duration of hospital stay (days) 35.7 [18.7, 62.9] 22.2 [6.9, 50.0] 0.0072

Duration of ICU stay (days) 30.3 [16.1, 54.0] 20.1 [6.8, 48.9] 0.0462

ECMO: extracorporeal membrane oxygenation; ICU: intensive care unit.
1Fisher's exact test. Data are expressed as counts and column percentages.
2P-value is based on the Wilcoxon rank-sum test. Data are expressed as median and interquartile range.
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during ECMO at the discretion of the clinicians and the 
frequency of head ultrasound during ECMO was not 
standardized. Therefore, increased surveillance with 
head ultrasound could, potentially, explain the increased 
frequency of intracranial hemorrhage in the hypother-
mia group. Additionally, reports describing the intracra-
nial hemorrhages in terms of location and size were not 
collected. Other practices, such as anticoagulation and 
transfusion practices, were also not standardized.

Conclusions

An increased occurrence of intracranial hemorrhage 
among neonates treated with therapeutic hypothermia 
during ECMO was observed in this study. Although 
therapeutic hypothermia mitigates neurologic injury in 
some populations, the increased occurrence of intracra-
nial hemorrhage observed when therapeutic hypother-
mia is applied during neonatal ECMO should serve as a 
caution to clinicians about the potential risks of applying 
research findings from one patient population to another 
without sufficient evidence. The use of therapeutic hypo-
thermia during neonatal ECMO merits further study.
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