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Summary

Objectives—To evaluate the sensitivity and specificity of head ultrasound (HUS) in the 

detection of intracranial hemorrhage in premature neonates compared with brain MRI using 

susceptibility-weighted imaging (SWI).

Material and methods—Ultrasound (US) and MRI scans of the brain using SWI in premature 

neonates were retrospectively evaluated for grade I—III germinal matrix hemorrhage (GMH), 

periventricular hemorrhagic infarction (PVHI), intra-axial hemorrhage other than PVHI, extra-

axial hemorrhage in each cerebral hemisphere and cerebellar hemorrhage in each cerebellar 

hemisphere. The impact of these hemorrhagic findings on short-term clinical management was 

also reviewed.

Results—Twelve neonates (mean age: 9.8 days; range: 3—23 days) with a mean gestational age 

of 32.8 weeks (range: 29.6—35.4 weeks) were included in the study. HUS had high sensitivity 

(100%) and specificity (93.3%) in detecting grade III GMH using SWI as a reference, but poor 

sensitivity (0%) in the detection of intraventricular hemorrhage with normal-sized ventricles 

(grade II GMH). US was not sensitive in detecting either small cerebellar or extra-axial 

hemorrhage.

Conclusion—HUS was highly sensitive and specific in the evaluation of grade III GMH, 

whereas SWI was superior to HUS in detecting small intra-axial or extra-axial hemorrhage, and 
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had no impact on short-term management. Given the low cost, lack of radiation and advantages of 

bedside evaluation, HUS should continue to be the first line of imaging for brain injury in the 

evaluation of premature neonates with suspected intracranial hemorrhage. However, the 

usefulness of SWI for predicting long-term neurological outcomes has yet to be determined.
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Introduction

Intracranial hemorrhage (ICH) and white-matter injury are the major brain injuries that can 

occur in the developing brain of premature neonates. Germinal matrix hemorrhage (GMH), 

intraventricular hemorrhage (IVH), intraparenchymal hemorrhage and cerebellar 

hemorrhage have been recognized as the spectrum of ICH in premature infants. These brain 

injuries can have a significant impact on the morbidity, mortality and long-term 

neurodevelopment of premature infants [1,2]. For this reason, early and accurate diagnosis 

of ICH in premature infants is important, as appropriate management can minimize the 

sequelae to these injuries.

Head ultrasound (HUS), computed tomography (CT) and magnetic resonance imaging 

(MRI) have all been used to evaluate perinatal brain injury in premature infants. HUS is the 

current screening test for ICH in premature infants. As a portable imaging modality that is 

radiation-free, it is convenient and can safely be performed multiple times. Another 

advantage is its well-documented sensitivity in detecting ICH [3]. In addition, it enables 

acute imaging of these highly unstable infants and of the evolution of hemorrhage over time. 

MRI, however, is playing an ever-increasing role in perinatal brain injury, and has been 

reported to be superior to HUS in the evaluation of white-matter injury and ICH, especially 

in small quantities [3]. Furthermore, MRI can offer additional functional information 

through advanced MR techniques, such as diffusion tensor imaging (DTI) for the evaluation 

of white-matter maturation.

Susceptibility-weighted imaging (SWI) is an advanced MRI sequence that is being 

increasingly used in pediatric neuroimaging. It exploits the T2* properties of substances, 

which enhances the visualization of paramagnetic blood products (deoxyhemoglobin, 

intracellular methemoglobin and hemosiderin) [4]. SWI has been recognized to have greater 

sensitivity than conventional MRI sequences in detecting small hemorrhagic lesions [4-6]. 

SWI is also potentially useful in the evaluation of subtle white-matter abnormalities in 

infants by detecting small hemorrhages, postulated to be the potential etiology of punctate 

white-matter lesions of premature infants.

The aim of the present study was to determine the sensitivity of the current screening test for 

ICH in premature infants — HUS — and compare it with the most sensitive MR sequence 

for hemorrhage detection — SWI. Also evaluated was whether there is any impact on acute 

clinical management for the hemorrhages missed on ultrasound (US), but seen on MRI with 

SWI. Furthermore, the findings of ICH as seen on other conventional MR sequences, 
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including apparent diffusion coefficient (ADC) mapping from DTI, were compared with 

those visualized on SWI.

Material and methods

Participants

The radiological database was reviewed from December 2008 to April 2010 to identify 

premature neonates who had undergone both HUS and MRI. Premature neonates born at 

gestational age less than 36 weeks with HUS and MRI with SWI sequences at a postnatal 

age of less or equal to 1 month were included in this retrospective study. The study was 

approved by the institutional research board and was compliant with the Health Insurance 

Portability and Accountability Act (HIPAA) of 1996.

Imaging parameters

HUS was performed by experienced pediatric sonographers using state-of-the-art equipment 

(Zonare Medical Systems, Mountain View, CA, USA). A standardized set of images was 

obtained through the anterior fontanelle in coronal and sagittal planes using curved- and 

linear-array transducers (8—17 MHz). The angle of the transducer was varied when 

necessary to evaluate the brain periphery. Penetration depth, number of US foci, US gain 

and tissue brightness were optimized for each individual examination.

All neonates were scanned on a 1.5-Tesla MAGNETOM Avanto (Siemens AG, Erlangen, 

Germany). MRI sequences included T1- and T2-weighted images, fluid-attenuated inversion 

recovery (FLAIR), DTI and SWI. SWI used a strongly susceptibility-weighted low-

bandwidth (80 Hz/pixel) 3D fast low-angle-shot sequence, with first-order flow 

compensation in all three orthogonal directions. The parameters for SWI were: TE/TR, 

40/48 ms; flip angle, 15°; section thickness, 1.2 mm; FOV, 200 × 162; and matrix size 256 × 

217. Acquisition time for each MRI sequence was: T1-weighted, 3.38 min; T2-weighted, 

3.12 min; FLAIR, 3.2 min; DTI, 6.24 min; and SWI, 2.21 min.

Image analysis

The HUS and brain MRI—SWI scans were reviewed by two neuroradiologists, who 

evaluated the images on the picture archiving and communication system (PACS) by 

consensus. Both readers were qualified in reading HUS and MRI scans. HUS and brain MRI

—SWI were evaluated 15 days apart, with the readers blinded to each other’s results. HUS 

and brain MRI—SWI were evaluated in each hemisphere for the following findings: grade I, 

II and III GMH according to Papile’s classification [7]; periventricular hemorrhagic 

infarction (PVHI) secondary to venous infarction (previously known as grade IV 

hemorrhage); intra-axial hemorrhage other than PVHI; extra-axial hemorrhage; and 

cerebellar hemorrhage. The grading of GMH was tabulated according to the highest degree 

of hemorrhage in that hemisphere: for example, a premature neonate with grade III 

hemorrhage was assigned to grade III hemorrhage only, with grades I and II considered 0. 

The DTI scans were interpreted according to signal alterations on ADC maps for detection 

of hemorrhage, and minimum-intensity-projection (mIP) data were used to evaluate 

hemorrhage on SWI. In premature infants at the correct location and clinical setting, it was 
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assumed that signal drops represented hemorrhage. However, given the lack of phase-

contrast and magnitude images in our patients, it was not possible to further evaluate the 

images to differentiate hemorrhage from calcifications.

The data were analyzed using SPSS statistical software version 18. The ability of US to 

detect ICH compared with SWI was assessed in terms of sensitivity and specificity, using 

SWI as the gold standard. In addition, the patients’ clinical charts were reviewed for 

treatment of ICH within 3 months of the latest imaging studies.

Results

Forty-three premature neonates who underwent MRI scans with SWI sequences were 

identified in the radiological database. Twenty-one cases were excluded due to age greater 

than 1 month at the time of MRI. Thus, 12 neonates (24 hemispheres) were included in our 

study. Those neonates were born at gestational age 32.8 ± 2 weeks (mean ± SD). US was 

performed at 7 ± 6.1 days postnatally (corrected post-conceptual age: 33.8 ± 2.5 weeks), and 

MRI was done within an interval of 2.7 ± 3.4 days.

Germinal matrix—intraventricular hemorrhages

Our study results are summarized in Table 1, while the sensitivity and specificity of HUS, 

conventional MR sequences and DTI in the detection of grade II GMH, grade III GMH and 

PVHI compared with SWI were shown in Table 2. In the present study, there was no infant 

with grade I GMH detected on SWI. However, two hemispheres were identified as grade I 

GMH on US (2/24, 8.3%), but were classified as grade II GMH using SWI, as GMH at the 

caudothalamic grooves and small IVH were depicted on SWI. Thus, the sensitivity and 

specificity in detecting grade I GMH could not be evaluated due to the absence of grade I 

GMH identified on SWI.

Grade II GMH was the most common GMH detected on SWI (87.5%, 21/24; Fig. 1), 

whereas it was noted on US in 33.3% (8/24). As for detection of grade II GMH using HUS, 

conventional MRI and DTI, HUS had the lowest sensitivity (0%, 0/10), while T2-weighted 

images (T2WI) had the highest sensitivity (100%, 10/10). Excellent specificity (100%) in 

detecting grade II GMH was noted with all modalities.

Out of all 24 hemispheres, grade III GMH was depicted on SWI in nine hemispheres 

(37.5%) and on US in 10 hemispheres (41.7%). Grade III GMH was also readily detected 

with all modalities (100% sensitivity and 93—100% specificity).

Periventricular hemorrhagic infarction

PVHI was depicted on SWI in 3/24 hemispheres (12.5%). All lesions were unilateral (left 

cerebral hemisphere in the frontal periventricular white-matter), and all imaging modalities 

(HUS, conventional MRI and DTI) were highly specific in the detection of PVHI (100%, 

21/21). However, HUS was shown to be less sensitive than conventional MRI and DTI 

(66.7% vs 100% sensitivity, respectively) in PVHI detection.
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Intracerebral hemorrhages (other than PVHI) were found on SWI in two hemispheres 

(8.3%). HUS and T2WI were able to detect the lesions in one of the two cases (50% 

sensitivity), whereas other MR sequences revealed both hemorrhages (100% sensitivity, 

2/2). Fig. 2 shows the case in which T2WI failed to detect the intra-axial hemorrhage. 

Excellent specificity (100%, 22/22) of US and all MR sequences in the detection of ICH was 

also noted.

Extra-axial hemorrhage

US showed poor sensitivity in the detection of extra-axial hemorrhage in our study (10.5% 

sensitivity, 2/19). All of the extra-axial hemorrhages detected by US were large (two lesions, 

1.6 ± 0.5 cm in width). In contrast, T1WI and T2WI (89.5% sensitivity, 17/19) and FLAIR 

sequences (73.7% sensitivity, 14/19) were sensitive and highly specific (100% specificity 

[5/5] for T1WI, T2WI and FLAIR) in the detection of extra-axial hemorrhage. However, 

DTI—ADC was less sensitive (47.4% sensitivity, 9/19) than conventional MR sequences in 

the detection of extra-axial hemorrhage.

Cerebellar hemorrhage

Cerebellar hemorrhages were detected on SWI in 20.8% of all hemispheres (5/24), and were 

punctate hemorrhages less than 3 mm at their greatest dimension (Fig. 3). None of these 

lesions was detected on either HUS or DTI—ADC. For the conventional MR sequences, 

cerebellar hemorrhages were best demonstrated on T1WI (80% sensitivity, 4/5; 100% 

specificity, 19/19), followed by T2WI (40% sensitivity, 2/5; 100% specificity, 19/19) and 

FLAIR (20% sensitivity, 1/5; 100% specificity, 19/19) sequences.

Review of the electronic patient records showed that one infant with a large subdural 

hematoma had undergone subgaleal shunt placement. The rest of the neonates with extra-

axial hemorrhages (9/10 cases, 90%) required no surgical intervention. In all of the neonates 

with cerebellar hemorrhages (4/12 neonates, 33.3%), no intervention was performed for the 

punctate hemorrhages.

Discussion

Premature infants have an increased risk of long-term disability and early death compared 

with infants born at term. In the United States, infants born with a very low-birth-weight 

account for 1.5% of all live births and, of these, 50 to 70% survive. Of the survivors, 5 to 

10% have major motor deficits (cerebral palsy), and 25 to 50% subsequently develop 

cognitive and behavioral deficits [8,9]. Hemodynamic alterations in premature infants can 

lead to various types of brain injury, predominantly GMH—IVH and periventricular white-

matter injury.

GMH—IVH is the most common type of cerebral hemorrhage in premature infants, with an 

incidence of 15 to 25% [1]. Its mechanism is speculated to be multifactorial, involving 

vessel fragility and hemodynamic instability [1,10]. The severity grading of GMH—IVH 

was originally described by Papile et al. [7] in 1978, and was based on CT in very low-birth-

weight infants: grade I hemorrhage was subependymal hemorrhage; grade II was IVH with 

no ventricular dilatation; grade III was IVH with ventricular dilatation; and grade IV was 
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IVH with parenchymal hemorrhage. Grade IV hemorrhage is known to result from venous 

infarction of the intramedullary veins because of impaired venous drainage caused by 

compression due to GMH to IVH. Venous infarction is generally followed by hemorrhagic 

conversion, hence the term ‘‘periventricular hemorrhagic infarction’’ (PVHI) [1,11,12]. In 

general, 40% of cases of GMH—IVH have an onset within 5 hours of birth and 90% arise 

within the first 4 days [11]. At present, US is the routine screening test for GMH—IVH and 

other brain injury in preterm infants.

In our present study, no neonate with grade I GMH was recruited, which made it impossible 

to assess the sensitivity and specificity of detecting grade I GMH. However, it is likely that 

the mild injury of grade I GMH and its more benign clinical course would elicit no 

indication for an MRI study. Yet, based on our present observations, GMH can easily be 

visualized by HUS as a hyperechoic focus at the caudothalamic notch (Fig. 4). However, our 

study has demonstrated that HUS had poor sensitivity in detecting grade II GMH. The 

blood-filled ventricle appears hyperechoic on HUS, which may sometimes be difficult to 

differentiate from hyperechoic choroid plexus. Small amounts of IVH may be localized in 

the occipital horn of the lateral ventricle, the most dependent part in the supine position, but 

were suboptimally assessed by HUS using the anterior fontanelle approach.

In fact, our study found that small IVH were better visualized by SWI. In cases with tiny 

amounts of IVH, the linear hypointensity of hemosiderin lining the ventricle can be seen on 

SWI, making this the most sensitive method for detecting grade II GMH. Also, in our study, 

there were two grade II GMH lesions that were misdiagnosed as grade I GMH on US. In 

these cases, SWI was able to identify GMH at the caudothalamic groove as well as the small 

IVH. However, due to the poorer sensitivity of US in the detection of small IVH, the 

technology failed to detect small IVH in these two cases, leading to undergrading of GMH. 

Nevertheless, IVH with a dilated ventricle was easily depicted on US, conventional MRI and 

SWI, which contributed to the excellent sensitivity and specificity of all modalities in 

detecting grade III GMH.

PVHI was once assumed to result from the extension of IVH into the brain parenchyma. 

Recently, however, it has been found to result from venous infarction and hemorrhagic 

conversion due to occlusion of the collector veins [13]. Both US and MRI can demonstrate 

early-stage PVHI as a fan-shaped periventricular lesion along the distribution of medullary 

veins (Fig. 5) [10,14]. Our present study demonstrated that HUS was highly sensitive in 

identifying extensive PVHI, but not small focal PVHI (Fig. 6). In contrast, in all cases with 

PVHI, SWI revealed the characteristic finding of linear hypointensities following the 

medullary venous distribution. These hypointense lines could correspond to the perivascular 

hemorrhages found along medullary veins in a previous histopathological study [15].

Our present finding of the poor sensitivity of HUS in the detection of small cerebellar 

hemorrhages (Fig. 3) and small extra-axial hemorrhages (Fig. 1C and D) could be explained 

by the greater spatial resolution and contrast of MRI in the visualization of small 

hemorrhages. Although short-term management is not required for small cerebellar and 

small extra-axial hemorrhages, such small cerebellar hemorrhages solely detected on MRI 

Intrapiromkul et al. Page 6

J Neuroradiol. Author manuscript; available in PMC 2015 May 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were found in a recent study to be associated with an increased risk of neurological deficit 

[16].

The lack of long-term neurological outcome data is one of the limitations of our present 

retrospective study. Thus, further studies of a large number of premature neonates with 

various types of ICH as detected by SWI, and correlated with their long-term neurological 

outcomes, might establish the role of SWI as a better long-term outcome predictor. If the 

clinical impact of small hemorrhages as solely detected on SWI were to be well established, 

it would then be worthwhile to screen every preterm neonate with SWI for 

microhemorrhages. However, without pathological proof, we chose to use SWI as the gold 

standard, thus prohibiting direct comparisons of accuracy between modalities.

In the present study, only premature neonates who had undergone brain MRI with SWI and 

HUS imaging studies were recruited, which might raise the possibility of selection bias, as 

not all premature neonates had MRI scans. Indeed, in our practice, only neonates with 

questionable severe brain injury or abnormality are sent for MRI, which also explains the 

absence of grade I GMH in our study.

HUS using only the anterior fontanelle approach is another limitation of our study. Previous 

publications have shown that posterior fontanelle and mastoid fontanelle imaging techniques 

are useful for the detection of posterior fossa abnormalities and small IVH with normal-

sized ventricles [17-19]. Indeed, additional US windows may have increased the sensitivity 

of US in the detection of posterior fossa hemorrhage as well as grade II hemorrhage in our 

present study. Also, US image quality is recognized to be operator-dependent and, although 

our sonographers are well trained for US in pediatric patients, there are still variations in 

skill among operators.

Our present study has suggested the advantages of including SWI in the neonatal brain MRI 

protocol. Hemorrhagic brain injury is frequently seen in premature neonates and, given that 

SWI has a high sensitivity to detect hemorrhage, SWI could be an excellent tool for 

identifying those brain injuries in premature neonates that may not be apparent on 

conventional MRI sequences. Moreover, in conjunction with conventional MRI sequences, 

SWI can provide additional information on other neurological disorders that can arise in 

neonates, such as traumatic brain injury, vascular malformation, infarction, neoplasm and 

venous thrombosis.

Conclusion

SWI is a valuable sequence for brain imaging in premature neonates and should be included 

as part of the neonatal brain MRI protocol. It is highly sensitive in detecting ICH and can 

also provide information on its full extent. HUS has proven to have good sensitivity in the 

detection of grade I and III GMH, and is adequate for diagnosing cases that require short-

term surgical management due to complications of IVH. Also, as HUS is the least-invasive 

imaging modality and can be performed at bedside, it is the most suitable screening test for 

ICH in preterm neonates. Nevertheless, the usefulness of SWI in predicting long-term 

neurological outcomes has still to be determined.
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Abbreviations

ADC Apparent diffusion coefficient

CT Computed tomography

DTI Diffusion tensor imaging

FLAIR Fluid-attenuated inversion recovery

GMH Germinal matrix hemorrhage

HUS Head ultrasound

ICH Intracranial hemorrhage

IVH Intraventricular hemorrhage

MRI Magnetic resonance imaging

PVHI Periventricular hemorrhagic infarction

SWI Susceptibility-weighted imaging

T1WI T1-weighted images

T2WI T2-weighted images
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Figure 1. 
Grade II germinal matrix hemorrhage (GMH): (A) left sagittal ultrasound (US) image shows 

hyperechoic enlarged choroid plexus (arrow); (B) axial minimum-intensity-projection (mIP) 

susceptibility-weighted imaging (SWI) shows dark signal intensity of choroid plexus within 

the left lateral ventricle compatible with grade II GMH (arrow); (C) thin subdural hematoma 

along bilateral occipital convexities seen on axial T1-weighted images (T1WI); and on (D) 

axial mIP SWI (arrowheads), but missed on US.
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Figure 2. 
A 6-day-old ex-34-week male neonate with intra-axial hemorrhage: (A) axial T1-weighted 

(T1W) and (C) fluid-attenuated inversion recovery (FLAIR) images show a small rounded 

isointense lesion with peripheral hyperintensity in the right occipital region (arrows), 

corresponding to (D) the dark signal intensity on susceptibility-weighted imaging (SWI) 

(arrow). This lesion was not visualized on the T2W image (B), although hemorrhage is 

expected to be better depicted by T2WI than other conventional magnetic resonance 

imaging (MRI) sequences.
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Figure 3. 
A 5-day-old ex-34-week male neonate with perinatal depression: (B) axial susceptibility-

weighted imaging (SWI) shows multiple microbleeds in the cerebellum (arrows) that were 

undetectable by ultrasound (US) (A).
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Figure 4. 
A 20-day-old ex-35-week twin with grade III germinal matrix hemorrhage (GMH) and 

septo-optic dysplasia: (A) right sagittal ultrasound (US) image, (B) coronal US image, and 

(D) axial T2WI and axial minimal-intensity-projection (mIP) susceptibility-weighted 

imaging (SWI) show dilated ventricles. GMH at the right caudothalamic groove is depicted 

on (A) US, (C) T2WI and (D) SWI (arrows). Dark signal intensity of choroid plexus on SWI 

(D) represents hemorrhage overlying the choroid plexus (arrowheads). (B–D) Absence of 

septum pellucidum is also evident.
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Figure 5. 
A 23-day-old ex-30-week male neonate with periventricular hemorrhagic infarction (PVHI): 

(A) coronal ultrasound (US) image shows triangular (fan-shaped) echodensities radiating 

from the left lateral ventricle (arrow). The linear dark signal intensities leading from the 

lateral ventricle in association with intraventricular hemorrhage (IVH) are well 

demonstrated on (B) axial susceptibility-weighted imaging (SWI) (arrow).
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Figure 6. 
An 18-day-old ex-33-week male neonate with intraventricular hemorrhage (IVH), 

hydrocephalus and periventricular hemorrhagic infarction (PVHI): (A) axial susceptibility-

weighted imaging (SWI) shows a focal area of linear hypointensities radiating from the left 

lateral ventricle in the periventricular white-matter, which corresponds to the focal 

hyperintensity on (B) axial T1-weighted images (T1WI) and (C) hypointensity on T2WI 

(arrows), demonstrating venous ischemia with hemorrhage. However, this lesion is not 

visualized on (D) ultrasound (US). The linear dark signal intensity lining the ventricle (A), 

representing IVH as seen on SWI, was again not apparent on US.
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