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Abstract
Background: Therapeutic hypothermia improves survival and neurodevelopmental outcomes in neonates with hypoxic-ischemic encephalopathy (HIE). However, significant morbidity and mortality

had more severe encephalopathy at presentation yet were less likely
to have moderate or severe injury on MRI. Importantly, no cerebral
thrombosis was detected which suggests that Darbe does not increase risk of thromboembolism. (NCT01471015; 11/2011).

in this population remain unacceptably high. Erythropoietin and

Keywords: Neonatal encephalopathy; therapeutic hypothermia;

the longer-acting synthetic molecule Darbepoetin (Darbe) appear

erythropoietin; darbepoetin; mri; mri injury scores.

to be neuroprotective in preclinical and clinical trials. Advancements in magnetic resonance imaging (MRI) techniques have im-

Abbreviations: HIE: Hypoxic-Ischemic Encephalopathy; TH: Thera-

proved our ability to evaluate the timing, extent and severity of in-

peutic Hypothermia; GIS: Global Injury Score; DANCE: Darbe Ad-

jury and have become useful in counseling.

ministration In Newborns Undergoing Cooling For Encephalopathy;

Objective: To assess Global Injury Score (GIS) on brain MRI in infants with HIE treated with Darbe as adjunctive therapy to cooling
for HIE (DANCE trial).
Methods: Thirty infants (n=10/arm) ≥36 weeks gestation undergoing cooling for HIE were randomized to receive placebo or Darbe.

ESAs: Erythropoiesis Stimulating Agents; Epo: Erythropoietin; Darbe:
Darbepoetin Alpha; MRI: Magnetic Resonance Imaging; MRS: Magnetic Resonance Spectroscopy; DWI: Diffusion-Weighted Magnetic
Resonance Imaging.
Introduction

First dose was given within 12 hours of birth, 2nd dose 7 days later.

Neonatal encephalopathy due to hypoxic-ischemic encephalopathy

Brain MRIs were scored according to the GIS system by a single

(HIE) is an important worldwide cause of mortality and morbidity

neuroradiologist blinded to the treatment group.

with an incidence of 1 to 6 per 1,000 live births [1]. HIE occurs sec-

Results: Brain MRIs were performed on 27/30 infants between 3-23
days of life (most scans performed at 4-7 days). A larger percentage
of patients in the Darbe group had severe encephalopathy at presentation (40 vs. 20%), yet more Darbe-treated patients had either
normal or mildly abnormal MRI compared to placebo infants (78
vs. 33%, respectively). The incidence of moderate or severe MRI injury was twice as high in the placebo group compared to the Darbe
groups (44 vs 22%).
Conclusions: The majority of infants in each treatment group had
normal or only mild injury on MRI. Infants who received Darbe
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ondary to inadequate brain blood and oxygen supply and can result in
focal or diffuse injury [2]. In spite of the use of therapeutic hypothermia (TH) as standard of care for infants with HIE, recent data demonstrated that up to 30% of treated infants either died or had moderate
to severe neurologic disabilities including long-term motor and cognitive dysfunction [3]. Several ongoing clinical trials are currently studying potential neuroprotective therapies to further reduce brain injury
and impairment in this population. Among these adjunctive therapies,
Erythropoiesis Stimulating Agents (ESAs) have been demonstrated to
have anti-apoptotic, antioxidant, and anti-inflammatory properties
as well as to support neuronal repair and regeneration in preclinical
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studies [4]. The purpose of the “Darbe Administration in Newborns

tained for all participants included in the DANCE study. After ob-

undergoing Cooling for Encephalopathy (DANCE)” trial was to eval-

taining consent, brain MRI scans performed as part of routine clini-

uate the pharmacokinetics and safety of one of these agents, Darbepo-

cal care were deidentified and transferred to Washington University,

etin alpha (Darbe) administered as adjunctive therapy to TH in infants

Saint Louis where Dr. Robert McKinstry (Director of Neuroimaging

≥ 36 weeks gestational age with moderate to severe HIE. Darbe given

Core) provided centralized blinded interpretation using the Global

IV in the first 12 hours of life (10 mg/kg/dose) and repeated at 1 week

Injury Score (GIS) system. The GIS scale is a validated, standardized

of life in infants undergoing TH for moderate/severe HIE had a phar-

qualitative injury scoring system that grades both anatomic and dif-

macokinetic profile sufficient for weekly administration, allowing for

fusion scans [11]. The MRI GIS system used in the present study was

a sustained therapeutic concentration with a longer dosing interval as

an adaptation of a previously published system developed at Washing-

compared to Erythropoietin (Epo). Infants in the interventional arm

ton University and that was specifically weighted for posterior limb

had a similar safety profile to placebo [5, 6]. In recent years advance-

of the internal capsule (PLIC) and deep nuclear gray matter injuries

ments in brain magnetic resonance imaging (MRI) techniques have

[9]. These regions were scored in an independent fashion for signal

helped our ability to evaluate the timing, extent and severity of injury

abnormality in each hemisphere on T1-weighted (T1W), T2-weighted

and have become beneficial in counseling families [7, 8]. As part of the

(T2W), and diffusion-weighted imaging (DWI) sequences totaling a

standard of care in the management of infants with moderate or severe

6-part score (left and right T1W, T2W, and DWI). A scale of 1 to 4

HIE, a brain MRI was routinely obtained ideally between 4 and 7 days

(except the brainstem, scaled 1 to 3 due to its small size) was used to

of life post rewarming in the infants that participated in the DANCE

score all regions. The higher scores represented greater severity of in-

trial. The objective of the present study was to assess the Global Injury

jury (1 = normal; 2 = mild focal abnormality comprising <25% of the

Score (GIS) system used at Washington University on brain MRI per-

region; 3 = moderate multifocal abnormality comprising 25%–50% of

formed in infants with HIE that had received Darbe versus placebo as

the region; 4 = severe widespread abnormality comprising >50% of the

adjunctive therapy to TH as participants of the DANCE trial [5, 9].

region). Component scores, including a white matter score (WMS),

Methods

cortical score (CS), and cerebellum score (CbS) were developed using the regions graded with the above scale (range 6–24). The brain

DANCE was a randomized, placebo-controlled, blinded, multi-dose

stem score (BSS) ranged from 6 to 18. The scores from the thalamus,

pharmacokinetic and safety trial. The study inclusion and exclusion

caudate, PLIC, and putamen/globus pallidus were summarized into

criteria and primary outcome results have been published [5]. In brief,

1 basal ganglia score (BGS, range 24–96). The final GIS was then cal-

the trial included 30 infants (n = 10 in each arm) >36 weeks gestation

culated as the summation of the 5 subscores (range 48–186): injury

with moderate to severe HIE as defined by NICHD criteria, [10] and

was classified as mild if the GIS was between 49 and 59, moderate if

that had received TH by 6 hours of life. Eight centers participated: Uni-

between 60 and 80, and severe if ≥81. BGS was purposely more heav-

versity of Utah Hospital; Primary Children’s Hospital; Intermountain

ily weighted in the GIS because of the severity of neurodevelopmental

Medical Center; Seattle Children’s Hospital; University of New Mexico

outcomes following injury to this brain region. The MRI scoring data/

Children’s Hospital and Presbyterian Hospital; Monroe Carell Jr Chil-

entry form is presented in (Figure 1). Most all centers used 1.5 T at the

dren’s Hospital at Vanderbilt; and McKay Dee Hospital-Intermountain

time the DANCE trial was carried out. Two centers had a 3T scanner.

Healthcare [5]. The study received institutional review board approval

Each institution utilized their own MRI protocol.

at the 8 participating hospitals and was registered with clinicaltrials.
gov (identifier NCT01471015) and the US Food and Drug Admin-

Results

istration (FDA) (Investigational New Drug 113284). A centralized

Twenty-nine infants received whole body cooling and one received

computer randomization website (The University of Utah Data Co-

head cooling. Demographic results were previously published [5] and

ordinating and Analysis Center, Salt Lake City, UT) was used to ran-

are included in the present manuscript to help with interpretation of

domize infants to receive either Darbe (Aranesp, Amgen, Thousand

the MRI scoring results. (Tables 1 and 2) depict maternal, perinatal,

Oaks, CA) low dose (2 µg/kg IV); Darbe high dose (10 µg/kg IV); or

and neonatal clinical characteristics that were similar in the 3 groups.

placebo (normal saline) following informed consent. Treatment was

(Table 3) shows the level of encephalopathy at the time of screening

blinded to all caregivers and infants completed 72 hours of TH after

for the trial that was as follows: 20 infants (67%) had moderate en-

which they were rewarmed as per each site cooling protocol. The sec-

cephalopathy (placebo= 8; low-dose Darbe= 7; high-dose Darbe=

ond study dose was given at 7 days of life (normothermia condition).

5) and 10 infants had severe encephalopathy (placebo= 2; low-dose

Adverse events included thrombotic/vascular events, polycythemia,

Darbe= 3; high-dose Darbe group= 5). Six infants had seizures at the

neutropenia, hypotension and/or hypertension, secondary infections,

time of screening: 2 in the placebo group, 3 in the low-dose Darbe

and abnormal hepatic/renal function obtained the first 14 days of life.

group, and one in the high-dose Darbe group. At time of hospital dis-

Clinical outcomes also included the use of seizure medications and

charge the use of anticonvulsants for seizures was similar between the

feeding status at the time of discharge home. The pharmacokinetics

study groups, however, feeding difficulties (Gavage feedings/G tube)

results have also been previously published [6].

were more prevalent in the placebo group (3/10) versus the Darbe

Neuroimaging
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group (4/18). Adverse events have also been reported. There were 2
deaths that were associated with multiorgan failure and not attributed
to study participation. No other serious adverse events were reported
2
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Neuroimaging Core – Standardized Scoring System CRF
Reader: Robert McKinstry, MD Date: ____ /____ /_________ (mm/dd/yyyy)
Study Subject ID: __ __ - __ __ (2 digit site code - 2 digit subject number)

MRS: yes no

T1

T2

DWI

caudate

Left Right
1→4 1→4

Left Right
1→4 1→4

Left Right
1→4 1→4

put/glob**

1→4 1→4

1→4 1→4

1→4 1→4

thalamus

1→4 1→4

1→4 1→4

1→4 1→4

PLIC

1→4 1→4

1→4 1→4

1→4 1→4

WM

1→4 1→4

1→4 1→4

1→4 1→4

∑= WMS

Cortex

1→4 1→4

1→4 1→4

1→4 1→4

∑= CS

Brainstem

1→3 1→3

1→3 1→3

1→3 1→3

∑= BSS

Cerebellum

1→4 1→4

1→4 1→4

1→4 1→4

∑= CbS

∑= DS

∑= GS

DNGM

∑= BGS

1→4:
1= no abnomality
2= mild abnormality: focal abnormal signal (< 25%*)
3= moderate abnormality: multifocal abnormal signal (25-50%) 4= severe abnormality: widespread abnormal signal (>50%) 1→3:
1= no abnomality
2= moderate abnormality: focal abnormal signal
3= severe abnormality: widespread abnormal signal
* : % of the analyzed structure
** : put/glob= putamen/ globus pallidus

Figure 1: The MRI scoring data entry form used in the study.
MRS= Magnetic Resonance Spectroscopy; DNGM=Deep Nuclear Gray Matter; Put/Glob= Putamen/Globus Pallidus; PLIC= Posterior Limb Of The Internal
Capsule; WM= White Matter; BGS= Basal Ganglia Score; DWI: Diffusionweighted Magnetic Resonance Imaging; CS= Cortical Score; BSS= Brain Stem Score;
CBS= Cerebellum Score; DS= Diffusion Score; GS= Global Score.

and comorbidities were similar between all three study groups (hy-

infants had either a normal or mildly affected MRI. A subdural hema-

potension, altered renal function, and pulmonary hypertension) [5].

toma was observed in 7 babies but none had evidence of sinovenous

MRI results and Injury Scores

thrombosis. A larger percentage of patients in the Darbe group had
severe encephalopathy at presentation (40 vs. 20%), yet more Darbe

A total of 27 MRI studies (one per subject, 9 in each study group) were

treated patients had either normal or mildly abnormal MRI compared

performed at a median of 12 days (range 3–23) though 19/27 of the

to placebo infants (78 vs. 33%, respectively). The incidence of moder-

scans were performed between days 4-7. The remainder 8 scans were

ate or severe MRI injury was twice as high in the placebo group com-

obtained at a later time in 4 placebo infants and in 4 Darbe treated in-

pared to the Darbe groups (44 vs 22%).

fants. Two patients died before a brain MRI could be performed. One
family (highdose Darbe group) could not be reached to obtain consent

Discussion

to deidentify and transfer the MRI to be scored by our central reader.

In the present study we assessed the GIS scoring system developed at

The final GIS scores are shown by study group in (Table 3).

Washington University on brain MRI performed in infants with neo-

After reviewing the MRI GIS results, the 2 Darbe treatment arms were
combined into one group since the 2 groups had similar scores. Most
Volume 1 | Issue 1 | 2021

natal encephalopathy secondary to HIE that were treated with Darbe
versus placebo as adjunctive therapy to hypothermia in the DANCE
3
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trial [5, 9]. Our main observation was that in spite of worse initial

not increase risk of thromboembolism.

encephalopathy, infants who received Darbe as an adjunctive therapy

The information obtained from MRI scans integrated into clinical

to TH were less likely to have moderate or severe injury on MRI. The

practice can be useful in parental counseling and to support discus-

score used in the present paper has the advantage of including DWI

sions regarding long-term outcomes [12]. In particular, worse neu-

and can, therefore, be used in the first week of life, a period during

rodevelopmental outcomes have been observed following injuries to

which additional neuroprotective therapies can be initiated as well as

deep nuclear gray matter and the posterior limb of the internal capsule

when important clinical decisions may need to be made. Importantly,

[13]. To this end, different MRI Injury scoring systems have been ad-

no cerebral thrombosis was detected which suggests that Darbe does

Table 1-Maternal characteristics

vocated in the past to standardize results in an attempt to assist with

Placebo (n=10)

Low Dose
Darbe
2 µg/kg
(n=10)

High Dose
Darbe
10 µg/kg
(n=10)

Total
All Patients
(n=30)

Maternal
Maternal Age- years a

29 (18-35)

30 (20-35)

29 (21-33)

Complications of Pregnancy
Preeclampsia-n (%)

3

0

0

3 (10)

Rupture of membranes>18H-n (%)

0

2

0

2 (7)

2

0

1

3 (10)

Intrapartum Complications
Fetal Heart Rate Decelerations-n (%)

8

8

10

26 (87)

Placental Problems: Abruption, Previa, -n (%)

3

2

4

9 (30)

Uterine Rupture-n (%)

1

0

3

4 (13)

Cord Prolapse-n (%)

0

2

0

2 (7)

Vacuum/Forceps Delivery-n (%)

2

2

1

5 (17)

Antepartum Hemorrhage-n (%)

a

Median (range)

Placebo (n=10)

Low Dose
Darbe
2 µg/kg
(n=10)

High Dose
Darbe
10 µg/kg
(n=10)

Age At Randomization- hours a

6 (5-9)

8 (2-11)

7 (2-10)

7 (2-11)

Transferred From Birth Hospital- n (%)

5

4

6

15 (50)

Gestational Age- weeks

38 (36-41)

39 (36-41)

39 (37-40)

39 (36-41)

Birth Weight (g) b

3093 ± 388

2892 ± 440

3042 ± 390

3009 ± 401

Male Sex-n (%)

4

5

6

15 (50)

8

8

24 (80)

Table 2- Neonatal characteristics

Total All
Patients
(n=30)

Neonatal

a

Apgar Score (≤5)-n (%) a
5 Minutes
10 Minutes

6

8

7

21 (70)

Positive pressure/intubation in delivery room- n (%)

8

5

10

23 (77)

Chest compressions at delivery- n (%)

7

4

6

Epinephrine- n (%)

4

2

4

10 (33)

7.00
(6.60-7.3)

7.00
(6.70-7.20)

7.20
(6.80-7.30)

7.00
(6.60-7.30)

18 (7-27)

13 (7-28)

11 (5-26)

14 (5-28)

7.20
(6.60-7.30)

7.00
(6.60-7.20)

7.10
(6.70-7.30)

7.00
(6.60-7.30)

14 (4-30)

15 (12-21)

17 (8-34)

15 (4-34)

2

3

1

6 (20)

Cord blood (arterial or venous) a pH
Base Deficit-mEq/liter
Blood Gas within 60 minutes of age a pH
Base Deficit-mEq/liter

Seizures c
a

8

17 (57)

Median (range); Mean ± SD, Data are for these characteristics at time of randomization.
b
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Table 3: Encephalopathy Level and MRI scores by treatment allocatio.

Encephalopathy Level (at time of Randomization)

Placebo

Darbe 2 or 10 μg/kg

All Patients

(n=9)

(n=18)

(n=27)

Moderate Encephalopathy

8

11

19

Severe Encephalopathy

1

7

8

3

7

10

Mild Injury (score= 49-59)

2

7

9

Moderate Injury (score=60-80)

4

3

7

0

1

MRI GIS
Normal (score =48)

Severe Injury (score>81)

1

prognosis and counseling [9, 14-16]. The literature investigating the

were no significant differences in neurodevelopmental outcomes at 2

effects of ESAs upon MRI injury following HIE or prematurity is lim-

years between the interventional arm (early high-dose Epo) and pla-

ited. The Neonatal Erythropoietin and Therapeutic Hypothermia Out-

cebo group [18]. However, subgroup analyses found that Epo treated

comes (NEATO) study was a multicenter, double-blinded controlled

infants had improved white matter development in the major white

trial in term newborns with moderate to severe HIE that received five

matter tracts and an increase of local structural connectivity strengths

doses of erythropoietin (Epo) (1000 U/kg IV) versus placebo for 7

while demonstrating reduced brain injury [19, 20]. Therefore, follow

days as adjunctive therapy to TH [17]. Similar to the DANCE trial

up of this cohort into later childhood would be crucial. The second

findings, the NEATO study also showed that the administration of

trial performed MRI scans at 3.5 to 4 years of age on former preterm

Epo was associated with reduced severity of brain injury on neona-

infants treated with Epo, Darbe or placebo from the time of delivery

tal MRI performed at 4 to 7 days of age, specifically in the subcorti-

through 35 weeks CGA, and compared them to healthy term controls.

cal region. Two central reviewers who were blinded to treatment al-

There was no significant effect of ESAs on surface area, cortical thick-

location, independently scored brain MRI findings using the Global

ness or fractional anisotropy. However, there was a greater increase in

brain injury scale that established injury severity in 8 brain regions

fractional anisotropy among ESA treated girls. Significant correlations

in each hemisphere (cortex, brainstem, thalamus, caudate, putamen/

between fractional anisotropy and full scale IQ and verbal IQ were

globus pallidus, PLIC, white matter, and cerebellum). Infants in the

found in group analysis [21].

Epo arm had significantly lower global brain injury scores than those
in the placebo group and fewer Epo-treated infants had moderate to
severe brain injury on MRI. Alterations in the basal ganglia, thalamus,
and/or PLIC and cerebellum were also significantly less common in
the Epo than in the placebo group. A large phase III trial (HEAL) to
determine whether Epo administration as adjunctive therapy to TH in
infants with HIE is underway. One of the components of this large trial
is MRI assessment of injury. A standardized 3T brain MRI and MRS
was performed following rewarming (between 4 and 6 days of life) and
imaging data acquisition was harmonized across different MRI makes
and models. Furthermore, a standardized HEAL MRI and MRS protocol using an iterative quality control process was implemented. Deidentified brain MRI studies are being read centrally by 2 independent
readers blinded to treatment arm. The GIS system from Washington
University is also being used to establish severity and location of brain
injury.

MRI injury scoring scales published in the literature include the National Institutes for Child Health and Development system (NICHD;
Shankaran), the Barkovich system, the Rutherford system, and most
recently, the MRI injury scoring system published by the Washington
University group (Trivedi et al, 2017) and by Weeke et al (2018) [9, 14,
15, 22, 23]. Most initially published MRI scoring systems that were
associated with long term outcome were designed to be performed using T1- and T2-weighted images only and therefore scored MRIs were
obtained in the second week of life [12, 14]. The advantage of the most
recent scoring systems is that they incorporate DWI sequences in addition to T1, T2 sequences [9, 22]. DWI is a useful MRI sequence with
the capability of detecting injury as early as 24–72 h of life. The combination of DWI sequences with T1-W, T2-W in the first 2- to 5-day
window can help determine the extent and timing of HIE injury [24,
25]. Furthermore, as compared with earlier systems, the University of
Washington and Weeke scoring tools separately weigh subcortical in-

Two studies have assessed MRI outcomes in premature babies that

jury in the posterior limb of the internal capsule and deep nuclear gray

received ESAs for neuroprotection. In a large multicenter placebo-

matter [9, 22]. This injury assessment is important based on recent lit-

controlled randomized trial preterm infants (2632 weeks GA), there

erature demonstrating the association of deep nuclear gray matter and

Volume 1 | Issue 1 | 2021
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PLIC injuries with poor neurodevelopmental outcomes [8, 26]. Lastly,

moderate or severe injury on MRI. Despite the limitations described

an advantage of the GIS scoring system presented in this study is the

earlier, this study provides information regarding feasibility and re-

point-by-point entry form which can be used by less experienced MRI

producibility of the Washington University GIS MRI scoring system.

readers.

Early knowledge of the pattern, extent and severity of brain injury

The main limitation of our study is the small number of participants
as well as the lack of long term outcomes. Nonetheless, other reports
have consistently demonstrated that a qualitative MRI scoring system
can be used as a significant predictor of neurodevelopmental outcomes following HIE [9, 22, 23]. In a single-center study that included 57 infants with moderate to severe HIE treated with TH, Trivedi
et al validated a previous version of the Washington University GIS

following HIE has the potential to assist the clinical team with early
prognostication, counseling and timely intervention.
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