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Encephalopathy in neonates with subgaleal hemorrhage

1s a key predictor of outcome

Mohamed EI-Dib', Melanie P Parziale', Lise Johnson', Carol B. Benson?, P. Ellen Grant®, Julian Robinson®, Joseph J. Volpe'> and

Terrie Inder’

BACKGROUND: Subgaleal hemorrhage (SGH) is reported to be associated with severe hemodynamic instability, coagulopathy, and
even mortality. The importance of the presence or absence of neonatal encephalopathy in predicting SGH outcomes has not been
explored. The aim of this study was to determine the relationship of clinical encephalopathy to short-term outcomes in neonates
with SGH.

METHODS: Neonates =35 weeks gestation, diagnosed radiologically with SGH between 2010 and 2017, were included. Cases were
divided into encephalopathic and non-encephalopathic. Demographic, clinical, and outcome data were compared between groups.
RESULTS: Of 54,048 live births, 56 had SGH, of them 13 (23%) had encephalopathy. When compared to the non-encephalopathic
neonates, encephalopathic neonates had lower Apgar scores, lower hemoglobin, lower platelet count, longer neonatal intensive
care unit stay, two (15%) deaths, and four (31%) required blood transfusion. No non-encephalopathic infant with SGH died or
required blood transfusion. Notably, on magnetic resonance imaging (MRI), a majority of subgaleal collections had either no or

minimal blood products.

CONCLUSIONS: In the absence of encephalopathy, SGH is not associated with adverse short-term outcome. Neurological
assessment is likely to identify infants at higher risk for adverse outcome. The absence of MRI signal consistent with blood in

subgaleal collection warrants further research.

Pediatric Research (2019) 86:234-241; https://doi.org/10.1038/541390-019-0400-1

INTRODUCTION

Subgaleal hemorrhage (SGH) is described as bleeding in the loose
connective tissue between the skull and the galea aponeurotica.’
SGH is classically characterized by a diffuse, gravity-dependent,
fluctuant scalp mass that crosses suture lines and can progress
to cause eye lid swelling and ear displacement. Although it can
occur following spontaneous delivery and cesarean section, SGH
is a known complication of instrumental delivery, particularly
vacuum delivery.?™ The incidence of SGH with vacuum delivery is
3-7.6 per 1000 vacuum extractions, with some studies reporting
incidences as high as 210 per 1000 vacuum extractions, while
spontaneous vaginal deliveries have a lower reported incidence of
0.1-0.6 per 1000 deliveries.*”'> The complications of SGH include
shock, coagulopathy and disseminated intravascular coagulation
(DIC), anemia, renal or hepatic injury, lactic acidosis, and even
death.'*'® Older prior studies reported mortality rates associated
with SGH of 17-25%, but more recent studies have shown lower
mortality rates of 5-14% in neonatal intensive care unit (NICU)
admissions, including one study reporting a mortality rate of 2.8%
with close monitoring and aggressive management.>®%1%1214
SGH has been associated with skull fractures, brain injury,
intracranial hemorrhage, seizures, and hypoxic-ischemic ence-
phalopathy (HIE)."*"'*'* Because of the appreciable morbidity and
mortality associated with SGH, multiple advisory reports from the
USA, Canada, and Australia have focused on these risks from

vacuum delivery."® The importance of clinical encephalopathy in
association with SGH has not been thoroughly examined or
characterized. Thus, the aim of this study was to determine the
relationship of clinical encephalopathy to short-term outcomes in
newborn infants diagnosed radiologically with SGH.

PATIENTS AND METHODS

The study population included all infants diagnosed radiologically
with SGH at Brigham and Women's Hospital, Boston, over a 7-year
period. This project has been approved by the Partners Human
Research Committee and a waiver of informed consent was given.
Patients were identified via key word search in an ultrasound
reporting database or diagnosis search of electronic medical
record between 1 January 2010 and 31 July 2017. Delivery
information and neonatal hospital course were recorded. Only
late pre-term or term neonates (gestational age =35 weeks)
were included. Patients with known congenital brain abnormal-
ities were excluded. Information recorded included demographics,
gestational age, type of delivery (spontaneous vaginal, forceps,
vacuum assisted, operative), maternal age, gravida status, birth-
weight, APGAR scores, physical exam, neonatal laboratory
work, length of stay in the NICU, status at discharge, head
ultrasound (HUS) findings, and magnetic resonance imaging (MRI)
results, including presence, size, and location of hematomas.
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For a suspected diagnosis of SGH to be considered radiologically
confirmed, the abnormality must have been reported on
ultrasound, or MRI. Adverse short-term outcome has focused on
the need of blood product transfusion and mortality. Cases were
divided into two cohorts for analysis: those with neonatal
encephalopathy, defined by clinical neurological criteria, and
those without encephalopathy.

Diagnosis of neonatal encephalopathy

Patients were categorized as encephalopathic if they were
described in the medical record to have either neonatal
encephalopathy or seizures. Neonatal encephalopathy has been
recently defined as “a clinically defined syndrome of disturbed
neurologic function in the earliest days of life in an infant born at
or beyond 35 weeks of gestation, manifested by a subnormal
level of consciousness or seizures, and often accompanied by
difficulty with initiating and maintaining respiration and depression
of tone and reflexes.”'® In our institution, encephalopathy is defined
by the presence of seizures or any abnormality in an abbreviated
neurological examination, assessing six domains, namely level of
consciousness, spontaneous activity, muscle tone, posture, primitive
reflexes, or autonomic functions. In this study, neonatal encephalo-
pathy at presentation has been defined as mild, moderate, or
severe based on previously published standardized criteria.'”

Magnetic resonance imaging

MRI data were derived from clinically acquired MRI images
performed between days 1 and 7. The Neonatal Brain MRI Protocol
at Brigham and Women’s Hospital includes the following
sequences: axial T2 Turbo spin echo, sagittal motion mitigated
magnetization-prepared rapid gradient echo, coronal T2, Ax
diffusion tensor imaging, and axial susceptibility-weighted ima-
ging. The pattern of hemorrhage in these different sequences
is largely affected by the evolution of blood products over time.
Intracranial and extracranial hemorrhages can be divided into
hyperacute (<6 h), acute (6-72 h), early subacute (3-10 days), late
subacute (1 week-months), and chronic (months-years).

Acute hemorrhage (6-72 h) is hypointense on T1W due to effect
of T2 shortening. On T2W there is significant hypointensity
starting at the periphery. Early subacute hemorrhage (days 3-10)
presents as hyperintense on TIW sequences, and hypointense
on T2W sequences. It also presents with susceptibility artifact
of paramagnetic substances (hemosiderin) affecting the magnetic
milieu “blooming” on SWL'® A qualitative estimation of blood
present in subgaleal collections relied on all three sequences.

Statistical analysis

Descriptive statistics are presented as proportions for categorical
variables, and mean *standard deviation (SD) or median
(interquartile range) for continuous variables, unless otherwise
noted. For continuous variables, differences between groups were
evaluated using independent sample’s t tests (parametric) and
Mann-Whitney U test (non-parametric). Paired t test was used
to compare repeated measurements. For nominal variables,
Fisher's exact tests were used. Statistical analysis was performed
using IBM SPSS Statistics (Version 24).

RESULTS

Of 54,048 live births, 87 infants had a diagnosis of SGH determined
either by ultrasound or clinically. Of these, 32 cases were excluded
due to pre-term delivery (n = 6), insufficient records (n = 8), lack of
radiologically confirmed subgaleal collection (n=17), and pre-
sence of known congenital brain anomaly (n=1). Of the
remaining 56 patients, 30 infants (54%) had instrumental delivery,
principally vacuum extraction. Thirteen (23%) of the 56 had clinical
neurological signs indicative of encephalopathy, 11 of them
were moderate and 2 were mild. Of these 13 patients, 3 had
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electroclinical seizures, 2 had subclinical seizures, and 2 had
clinical seizures not confirmed by electroencephalogram (EEG).
Of the non-encephalopathic group (n=43), 35 neonates (81%)
presented solely with scalp swelling or increased head circumfer-
ence (HC) following instrumental delivery. Comparing the 13
neonates with encephalopathy to the 43 without, there was no
difference in gestational age, maternal age, maternal body mass
index (BMI), rate of instrumental delivery, or delivery mode
(Table 1). However, encephalopathic infants had lower median
(interquartile range (IQR)) Apgar scores at 1 min (5 (2.5-7) vs. 7
(4.5-8), p=0.029) and at 5min (7 (6.5-8) vs. 9 (8-9), p=0.03).
Encephalopathic infants had lower hemoglobin concentration
(122 3.1 vs. 15.3 £ 2.3 g/dl, p = 0.004), hematocrit (33.7 £8.1 vs.
42.1+6.1%, p < 0.001), and platelet count (144 + 71 x 10° vs. 190
+58.4 % 10° per liter, p = 0.027). Infants with neonatal encephalo-
pathy had longer median (IQR) NICU stay (10 (8.5-14.5) vs. 3 (1-4),
p <0.001).

No infant without encephalopathy died or required blood
transfusion. In contrast, among the 13 infants with clinical
encephalopathy, there were two deaths (15.4%), four infants
(30.8%) required packed red blood cell transfusions due to
dropping hematocrit, and of these four, two also received fresh-
frozen plasma for abnormal coagulation profile.

Of the 13 infants in the clinical encephalopathic group, 8
presented with encephalopathy requiring therapeutic hypother-
mia. These 13 infants displayed parenchymal abnormalities on
their brain MRI/HUS, predominantly findings consistent with
hypoxic-ischemic cerebral injury. Other abnormalities detected
included deep medullary vein thrombosis, venous infarctions, and
punctate hemorrhages. One infant had germinal matrix cysts as
the only abnormalities. The details of these 13 encephalopathic
patients are summarized in Table 2.

HC was measured on admission and repeated through the
hospital admission period. Only 28 patients had two measure-
ments in the first 48 h: 10 from the encephalopathic group and 18
from the non-encephalopathic group. Using paired t test, in all
patients, HC increased from 34.1 £1.9 to 346 +2cm (p=0.022).
However, when this difference was examined in each group, non-
encephalopathic patients had an increase in their HC from 33.9+ 2
to 34.6+23cm (p=0.03), while the encephalopathic patients
had a stable HC (343+1.8 vs. 347+14, p=0.356). These
changes are demonstrated in Fig. 1a, b.

In this study, SGH was diagnosed either by HUS or MRI. MRI
data were available for 17 infants, 12 of them were in the
encephalopathic group. Timing of the MRI was 2.8 + 1.4 days old
(3.1+£ 1.2 days for encephalopathic and 1.9+0.9 days for non-
encephalopathic). One infant diagnosed with SGH by ultrasound
(US) did not exhibit any traces of subgaleal collection on MRI. The
content of the subgaleal collections was evaluated using T1, T2,
and SWI sequences. More than half of the subgaleal collections
(10/16) did not show any evidence of blood products, while the
rest of the infants showed either trace (three patients) or small
amounts (three patients) of blood products. Details of the MRI
findings in these 17 studies are described in Table 3. Figures 2 and
3 demonstrate HUS and MRI findings in two study patients.

DISCUSSION
This study is the largest reported case series describing
radiologically confirmed SGH in the newborn infant. In this report,
we identified the presence of clinical encephalopathy as a clinical
biomarker for adverse outcome for newborns with SGH. Changes
in HC were not contributory. In addition, this report is the first to
describe absence/paucity of blood products in most subgaleal
collections in the neonatal period.

For infants with radiologically confirmed SGH, we found a 7%
morbidity manifested by need for blood transfusion and a
3.6% mortality. However, these complications were solely
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Table 1. Demographic and clinical data of study groups
All patients (n = 56) Non-encephalopathic (n =43) Encephalopathic (n = 13) P value

Gender, n (%)

Male 37 (66.1) 29 (67.4) 8 (61.5) 0.745

Female 19 (33.9) 14 (32.6) 6 (38.5)
Gest. age, mean (SD) 39.3 (1.5) 39.3 (1.5) 39.1 (1.3) 0.668
Birth weight, mean (SD) 3452 (448) 3511 (430) 3258 (466) 0.075
Maternal age, mean (SD) 29.5 (5.6) 29.4 (5.9) 29.8 (4.7) 0.818
Maternal BMI, mean (SD) 33.6 (8) 329 (6.3) 35.6 (11.8) 0.48
Delivery mode, n (%)

Vaginal 35 (62.5) 28 (65.1) 7 (53.8) 0.523

C-section 21 (37.5) 15 (34.9) 6 (46.2)

Instrument, n (%) 30 (54) 24 (56) 6 (46) 0.752

Vacuum 28 (50) 23 (53.5) 5 (38.5) 0.528

Forceps 4 (7.1) 3(7) 1(7.7) 1

Both 2 (3.6) 2(4.7) 0 1
Apgar 1 min, median (IQR) 7 (3-8) 7 (4.5-8) 5(2.5-7) 0.029
Apgar 5 min, median (IQR) 8 (7-9) 9 (8-9) 7 (6.5-8) 0.03
Encephalopathy at presentation

Mild 2(7) 0 2 (15)

Moderate 11 (20) 0 11 (85)

Severe 0 0 0
Seizures

Electroclinical 3 (5) 0 3(23)

Subclinical 24 0 2 (15)

Clinical 2 (4) 0 2 (15)
Therapeutic hypothermia 8 (14) 0 8 (62)
Lowest HGB, mean (SD) 14.5 (2.8) 15.3 (2.3) 12.2 (3.1) 0.004
Lowest HCT, mean (SD) 40.1 (7.5) 42.1 (6.1) 33.7 (8.1) <0.001
Lowest PLT, mean (SD) 178 (64) 190 (58.4) 144 (71) 0.027
Blood product transfusion, n (%) 4 (7) 0 (0) 4 (30.1) 0.002
Peak total bilirubin, mean (SD) 9.4 (5.2) 9.5 (4.6) 9.1 (7) 0.86
Phototherapy, n (%) 12 (21.4) 8 (18.2) 4 (30.8) 0.443
NICU length of stay, median (IQR) 4 (2-8) 3(1-4) 10 (8.5-14.5) <0.001
Death, n (%) 2 (3.6) 0(0) 2 (15.4) 0.051
BMI body mass index, /QR interquartile range, HCB hemoglobin, HCT hematocrit, PLT platelet, NICU neonatal intensive care unit

confined to the encephalopathy group. Moreover, mortality was
related to redirection of care in the presence of poor prognosis.
These findings contrast with older reports of SGH morbidity
and mortality related to hemodynamic instability, shock, and
DIC>7'® While morbidity and mortality are not unexpected in
the setting of neonatal encephalopathy, this report demonstrates
the absence of adverse short outcome in non-encephalopathic
patients diagnosed with SGH.

The association of subgaleal collection with encephalopathy
was previously reported in multiple series of clinically diagnosed
SGH. Although an older study reported that HIE was present in
73% of SGH cases,'* more recent and larger reports showed this
association in only 10% of SGH cases.’ Since HIE can be associated
with hemodynamic instability, shock, DIC, and parenchymal
hemorrhage, it is possible that reported complications with SGH
might not be directly related to the SGH per se, but rather to the
associated HIE.

Earlier reports recommended serial head measurements and
classified SGH based on head size.'* This practice continues
to be common in the NICU, and classification systems using
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changes in head size have been recommended.”” Our unit has
adopted a protocol of serial HC measurements following any
instrumental delivery. In the current study population, changes
in HCs were not helpful to differentiate the encephalopathic
babies with unfavorable outcome from non-encephalopathic
infants with favorable outcome. In contrast, the presence of
encephalopathy itself was a key predictor of adverse outcome.
Of note, four of the encephalopathic infants did not have report
of scalp swelling by clinical examination in their records. This
could be related to under-documentation or presence of small
collections.

We demonstrate for the first time that most neonatal subgaleal
collections considered to be SGH are often either non-
hemorrhagic or contain very small amounts of blood products.
Suggested mechanisms proposed for SGH included suture
diastasis, fracture of the skull, and ruptured emissary vein
secondary to fragmentation of the superior margin of the parietal
bone. Such mechanisms are exacerbated in the presence of
bleeding tendencies, such as hemophilia and vitamin K defi-
ciency.! However, non-hemorrhagic subgaleal fluid collections
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Fig. 1

Changes in head circumference (HC) between first and second measurements within 48 h of birth. a represents change in HC in 18
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non-encephalopathic neonates, while b represents change in HC in 10 encephalopathic neonates

Table 3. MRI characteristics of subgaleal collection in study patients (n =17)
ID Age in days of T1 T2 SWI Subgaleal blood
MRI
2 17 None None None N/A
6 33 Isointense Bright No blooming No
9 2 Isointense Bright Too small to assess Unlikely
1 4 Isointense Bright No blooming No
17 1.2 Isointense to increased Bright to isointense Trace blooming Small amount of blood products
25 4 Isointense Bright No blooming No
38 4.2 Isointense Bright No blooming No
42 19 Isointense to mildly Bright to isointense No blooming Trace amount of blood products and possible
increased thrombosed veins
63 2.1 Isointense to increased Bright to isointense Trace blooming Small amount of blood products
69 1.2 Iso to mildly increased Bright to isointense No blooming Trace amount of blood products in bitemporal
components
83 1.8 Isointense Bright No blooming No
86 3.7 Isointense to mildly Bright to isointense No blooming Trace amounts of blood products in bitemporal
increased components
87 44 Isointense Bright No blooming No
89 4 Isointense Bright No blooming No
90 0.7 Isointense to increased Bright to isointense Scattered foci of Small amount of blood products
blooming
92 3.8 Isointense Bright No blooming No
93 4.1 Isointense Bright Artifact Unlikely
MRI magnetic resonance imaging, N/A not applicable, SWI susceptibility-weighted imaging

have been reported to occur weeks to months after delivery.'®>

Mechanisms proposed for these later collections have included
small SGHs, which stimulate vascular exudate, lymphatic drainage
defect, complication of scalp electrodes, or even a CSF leak. In
the largest reported series of 11 infants who presented weeks
after birth, all had a history of vacuum delivery or attempted
vacuum delivery at birth.>* This finding raises the possibility
that the mechanism for the later development of a fluid collection
is similar to that for neonatal SGH, but of lesser severity.

In this study, SGH was diagnosed mainly by HUS. MRI data
were available in 12/13 encephalopathic and in 5/43
non-encephalopathic patients. While HUS interpretations com-
monly conclude that these collections are SGH, it is very difficult
by HUS to be confident about the nature of this fluid.

Pediatric Research (2019) 86:234 - 241

On MRI, bleeding during parturition would be expected to show
fluid with decreased signal on T2 that “bloomed” on SWI and
increased T1 signal beginning ~2-3 days after birth. None of these
findings were prominent in our MRI scans. Because of the lack
of consistency in MRI imaging in previously published reports
of neonatal SGH, it is difficult to define the nature of the
subgaleal fluid collections as hemorrhage or more complex
exudates or both in these reports.

Limitations of this study include its retrospective nature,
selection criteria by medical records search, which may have
missed cases if not properly documented, and inclusion of only
cases with a radiological diagnosis of SGH either by HUS or MR,
which could include incidental collections of no clinical signifi-
cance. Most neonates who received MRl were in the

SPRINGER NATURE

239



Encephalopathy in neonates with subgaleal hemorrhage is a key predictor...

M EI-Dib et al.

240

Subgaleal

Suture

Suture
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Fig.2 Axial reformations of a sagittal magnetization-prepared rapid gradient echo (MPRAGE) (T1 weighted) (a), axial T2 Turbo spin echo (TSE)
(b), and axial susceptibility-weighted image or SWI (c) show small bilateral subgaleal collections (*) with slightly increased T1 signal, isointense
T2 signal but minimal blooming, suggesting minimal blood products. Coronal T2 TSE (d) in the same patient shows a right cephalohematoma
(thick white arrow) and a subgaleal collection that was bright on T2. This collection was isointense on T1 and did not bloom. e, f demonstrated
corresponding ultrasound images. Notice that the cephalohematoma does not cross the suture line, while the subgaleal collection does
(study case # 69)

Fig. 3 Axial (@) and coronal (d) reformations of a sagittal magnetization-prepared rapid gradient echo (MPRAGE) (T1 weighted) as well as axial
T2 Turbo spin echo (TSE) (b) and axial susceptibility-weighted image or SWI (c) show a small right cephalohematoma with blood products (thick
white arrow) that are bright on T1, dark on T2, and bloom on SWI. In comparison, the large subgaleal collection (*) is predominately serous fluid
without significant blood products. Also of note is a small amount of layering blood in the subcutaneous space (black arrow). e, f demonstrate
corresponding ultrasound with small right cephalohematoma (thick white arrow) and large subgaleal collection (¥) (study case # 38)
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encephalopathic group, which allowed proper identification of the
nature of the subgaleal collection, while most non-
encephalopathic neonates were solely diagnosed by HUS. There
was also under-documentation and non-standardization of
repeated HC measurements, which may make these estimates
less reliable. Finally, there were no systematic neurodevelop-
mental follow-up data available for these cases.

CONCLUSIONS

In our retrospective cohort, in the absence of encephalopathy,
SGH is not associated with adverse short-term outcome. Detailed
neurological assessment after birth to detect signs of neonatal
encephalopathy will identify those neonates with SGH at higher
risk for adverse outcome. Absent to trace amounts of blood in
SGH by MRI warrant further research and would suggest that
“subgaleal collection” may be a better terminology. MRI might
help identifying those with associated brain injury or those with
hemorrhagic subgaleal collections who are likely at risk for greater
complications.
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