m

WATCH VIDEO

Limitations of T2*-Gradient Recalled-Echo
and Susceptibility-Weighted Imagingin
Characterizing Chronic Subdural
Hemorrhagein Infant Survivors of Abusive
Head Trauma

. . JA. Cramer, U.A. Rassner and G.L. Hedlund
Thisinformation is current as

of June 1, 2025. AINR Am J Neuroradiol 2016, 37 (9) 1752-1756
doi: https://doi.org/10.3174/ajnr.A4769
http://www.ajnr.org/content/37/9/1752



http://www.ajnr.org/cgi/adclick/?ad=57959&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fanjpdfjune25
https://doi.org/10.3174/ajnr.A4769
http://www.ajnr.org/content/37/9/1752

CLINICAL REPORT
PEDIATRICS

Limitations of T2*—Gradient Recalled-Echo and Susceptibility-
Weighted Imaging in Characterizing Chronic Subdural
Hemorrhage in Infant Survivors of Abusive Head Trauma

J.A. Cramer, "“U.A. Rassner, and ““G.L. Hedlund

ABSTRACT

SUMMARY: A possible misconception among radiologists is that chronic subdural hemorrhage should show some degree of blooming on
T2*—gradient recalled-echo or susceptibility-weighted sequences such as SWI and susceptibility-weighted angiography, which is not
necessarily true. We present 5 cases of chronic subdural hemorrhages in infants, demonstrating intensity near or greater than that of CSF
with variable amounts of hemosiderin staining along the neomembranes. We review the physiology and MR imaging physics behind the
appearance of a chronic subdural hemorrhage, highlighting that the absence of a BBB can allow hemosiderin to be completely removed
from the subdural compartment. Finally, we stress the importance of reviewing all multiplanar sequences for the presence of neomem-
branes, which can be quite subtle in the absence of hemosiderin staining and are critical for making the diagnosis of chronic subdural
hemorrhage.

ABBREVIATIONS: GRE = gradient recalled-echo; c¢SDH = chronic subdural hemorrhage; SDH = subdural hemorrhage; SDHy = subdural hygroma; SWAN =

susceptibility-weighted angiography

M uch of the literature characterizing the MR imaging appear-
ance of subdural hemorrhage (SDH) refers to T1 and T2
signal, with no explicit discussion of the appearance on T2*—gra-
dient recalled-echo (GRE) or susceptibility-weighted sequences
such as SWI or susceptibility-weighted angiography (SWAN).
Moreover, one may reason that a chronic subdural hemorrhage
(cSDH) should show blooming or hypointensity on T2*-GRE or
SWI, but this is not necessarily true.' We present 5 infant survi-
vors of abusive head trauma with subdural collections demon-
strating intensity near that of CSF on T2*-GRE or hyperintensity
on SWAN with variable amounts of hemosiderin staining. These
cases either exhibited other imaging features compatible with
¢SDH or were called ¢SDH on surgical drainage. We provide a
review of the physics and physiology relevant to the appearance of
chronic SDHs on MR imaging and offer an explanation for the
subdural fluid signal and variable hemosiderin staining on T2*-
GRE and SWI.
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CASE SERIES

lustrative cases were obtained by reviewing neurosurgical pa-
tients in whom drainage of a subdural collection was performed at
Primary Children’s Hospital between 2009 and 2014. We selected
infants (younger than 12 months of age) with an operative report
indicating chronic subdural hematoma and MR imaging <1 week
before surgical drainage. Those with acute or chronic subdural
hematomas were excluded. One hundred fifty-six total subdural
drainage procedures were performed during our study period,
and 5 patients were selected. A large majority of cases were not
used due to acute hemorrhage, subdural hygromas, or lack of MR
imaging within 1 week of drainage. In all 5 selected patients, a
diagnosis of abusive head trauma was confirmed by the institu-
tional child protective services team. Operative description and
pathology were recorded when available. Results are summarized
in the Table.

Casel

A 4-month-old boy presented with increasing head circumfer-
ence and no outward signs of trauma. Bilateral subdural hemato-
mas were demonstrated on NCCT. Findings of 2 osseous surveys
were negative, but subsequent investigation led to the diagnosis of
inflicted trauma/abusive head trauma. NCCT and MR imaging
(Fig 1) were performed 4 and 3 days before surgical drainage,
respectively. NCCT demonstrated bilateral subdural collections
that were hyperattenuating to CSF. On MR imaging, the subdural
fluid was hyperintense to CSF on FLAIR and slightly hyperintense
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Case series of infants with CSF-like subdural collections on T2*-GRE/SWI

Case Age(mo) Sex MRI Diagnosis Operative Description Pathology (If Available)

1 4 M cSDH (1 T1/T2/FLAIR/SWAN, “Subdural hematoma” Culture, no growth; no cell count
hemosiderin along neomembranes)

2 5 M cSDH (1 T1/FLAIR/SWAN/GRE, iso T2, “Reddish-brown CSF” Culture, no growth; no cell count
hemosiderin along neomembranes)

3 6 M SDHy (iso to CSF, no neomembranes) “Chronic subdural Not sent

hematoma”

4 4 M cSDH (1 TI/FLAIR, | GRE/T2,1 “Blood-tinged hematoma  Culture, no growth; WBC 945/ uL (H);
neomembrane with no hemosiderin) fluid” RBC 149,188/ L (H)

5 4 M cSDH (1 TI/FLAIR/GRE, iso T2, “Blood-tinged CSF” Culture, no growth; no cell count

hemosiderin along neomembranes)

Note:—1 indicates increased signal; |, decreased signal; iso, isointense; WBC, white blood cell count; RBC, red blood cell count; H, high.

FIG 1. Case 1. Axial NCCT demonstrates bilateral subdural collections,
slightly hyperattenuating to CSF (white arrows). The collections are hy-
perintense to CSF on FLAIR and more subtly hyperintense on TIWI (not
shown). On SWAN, the fluid is hyperintense to CSF. Neomembranes with
hemosiderin staining are present bilaterally within the subdural compart-
ment on SWAN and T2WI (black arrows). Hemosiderin staining along the
right-sided neomembrane shown is quite subtle. On T2WI, the subdural
fluid is hyperintense to the adjacent subarachnoid CSF (angled black
arrows) and isointense to ventricular CSF (not shown).

on TIWIL. On SWAN, subdural compartment neomembranes
with hemosiderin staining were seen bilaterally, compatible with
cSDH. The subdural fluid was hyperintense to CSF on SWAN.
T2WI also demonstrates subdural compartment neomembranes.
On T2WI, the subdural collections (white arrows in Fig 1) were
hyperintense to the adjacent subarachnoid fluid (angled black ar-
rows) and isointense to ventricular CSF (not shown). The
neomembranes did not enhance. The operative report described
the fluid as “subdural hematoma.”

Case 2

A 5-month-old boy was brought in for vomiting and was found to
be somnolent. NCCT showed subdural compartment collections
prompting an inflicted trauma evaluation, which revealed a heal-
ing left humerus fracture. NCCT was performed 1 day before
surgery, and MR imaging was performed the day of surgical
drainage (Fig 2). NCCT demonstrated slightly hyperattenuating

FIG 2. Case 2. Axial NCCT shows bilateral subdural collections slightly
hyperattenuating to CSF (white arrows) and hyperattenuation along a
neomembrane within the medial left frontal subdural collection
(black arrow). The subdural fluid is slightly hyperintense to CSF on
FLAIR (not shown) and TIWI (white arrows). On T2*-GRE, the subdural
fluid is slightly hyperintense to CSF with blooming along a subdural
compartment neomembrane (black arrow) and the left tentorium
(angled black arrow). On SWAN, the subdural fluid is hyperattenuat-
ing to CSF (white arrows). Hemosiderin staining was less conspicuous
in the axial plane on SWAN.

bilateral subdural collections and a left frontal subdural compart-
ment neomembrane. On MR imaging, the subdural fluid was
slightly hyperintense to CSF on FLAIR and T1WI. The subdural
fluid was slightly hyperintense to CSF on T2*-GRE. Blooming was
noted along a subdural compartment neomembrane and along
the left tentorium. Contrast was administered with no enhance-
ment along the membranes observed. The subdural fluid was hy-
perintense to CSF on SWAN, and neomembranes were less con-
spicuous on SWAN in the axial plane. On T2WI, the subdural
fluid was isointense to CSF and the neomembranes were also seen.
The neomembranes were compatible with cSDHs. The operative
report described the fluid as “reddish-brown CSF.”

Case 3
This 6-month-old boy was a survivor of witnessed inflicted injury.
Skeletal survey revealed numerous healing fractures. NCCT
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FIG3. Case 3. Axial NCCT demonstrates bilateral subdural collections
slightly hyperattenuating to CSF (white arrows). On FLAIR and TIWI,
the subdural fluid is nearly isointense to CSF with subtle areas of
hyperintensity reflecting CSF flow artifacts (white arrows). On T2*-
GRE, the subdural fluid is isointense to CSF (angled white arrows) with
no blooming or susceptibility effects along the dural surface. The
multiple tubular hypointense structures on T2*-GRE are cortical veins.

FIG 4. Case 4. Axial NCCT shows right-larger-than-left subdural he-
matomas hyperattenuating to CSF (white arrows). On MR imaging,
the collections are hyperintense to CSF on TIWI and FLAIR (white
arrows). The collections approximate the signal of CSF on T2*-GRE
(angled white arrows) and are notably hypointense on T2WI (white
arrows). Note the right frontal subdural compartment neomembrane
on T2*-GRE (black arrow), with very subtle hemosiderin staining,
slightly more conspicuous on T2WI (black arrow).

(Fig 3) showed bilateral subdural collections that were isoattenu-
ating to CSF. The fluid was predominantly isointense to CSF on
FLAIR and T1WI, with subtle areas of hyperintensity. The fluid
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FIG 5. Case 5. Axial NCCT demonstrates large bilateral subdural col-
lections hyperattenuating to CSF (white arrows) and a hyperattenu-
ating subdural compartment neomembrane (black arrow). On TIWI
(not shown) and FLAIR, the subdural fluid is hyperintense to CSF
(white arrows). On T2*-GRE, the subdural fluid is slightly hyperintense
to CSF (angled white arrows), with hemosiderin staining along a left-
sided neomembrane (black arrows). On T2WI, the subdural fluid is
isointense to CSF (white arrows) and nicely demonstrates multiple
neomembranes (black arrows).

was isointense to CSF on T2*-GRE and T2WI with no apparent
neomembranes or hemosiderin staining (Fig 3). Contrast was not
administered. The collections were interpreted as hygromas on
the basis of the imaging appearance. The operative report 3 days
later described the fluid as “chronic subdural hematoma.”

Case 4

This 4-month-old boy was evaluated for increasing head circum-
ference and was subsequently found to have bilateral subdural
hematomas on NCCT (Fig4). Child protective services evaluation
raised concern for inflicted injury. On MR imaging (Fig 4), the
subdural collections were hyperintense to CSF on FLAIR and
T1WI and slightly hypointense to CSF on T2*-GRE. Hypointen-
sity of the collections was more pronounced on T2WI. A single
subdural compartment neomembrane was also observed on T2*-
GRE with no hemosiderin staining. This membrane was slightly
more conspicuous on T2WI. Contrast was not administered. The
collections were called cSDHs based on the MR imaging appear-
ance. Surgical drainage the next day resulted in a description of
the subdural fluid as “blood-tinged hematoma fluid.”

Case5

This 4-month-old boy presented with increasing head circumfer-
ence and vomiting. NCCT (Fig 5) revealed bilateral subdural he-
matomas with internal neomembranes. In addition, there were
bilateral parietal bone fractures. On MR imaging (Fig 5), the sub-
dural fluid was hyperintense to CSF on FLAIR and TIWIL. On
T2*-GRE, the fluid was slightly hyperintense to CSF and demon-
strated internal neomembranes with hemosiderin staining along



the neomembranes. The membranes were also quite conspicuous
on T2WI. Contrast was not administered. Surgical drainage 2
days later revealed “blood-tinged CSF.”

DISCUSSION

We present 5 infants with chronic posttraumatic subdural hem-
orrhage in which the signal of the subdural fluid was near that of
CSF on T2*-GRE or hyperintense on SWAN. Four cases demon-
strated subdural compartment neomembranes, with very subtle
or absent hemosiderin staining along the neomembranes in 2
cases. These observations of subdural fluid signal near or greater
than that of CSF and subtle or absent hemosiderin staining may be
somewhat counterintuitive because one may reason that chronic
subdural hemorrhage should exhibit hypointensity due to suscep-
tibility effects. However, this supposition is not necessarily true
and raises several important points.

Wittschieber et al* posited that most acute SDH resolves com-
pletely and only rarely goes on to form ¢cSDH. More commonly, a
subdural hygroma (SDHy) serves as an intermediary step between
acute SDH and cSDH. Essential to the formation of a cSDH is the
development of vascularized subdural compartment neomem-
branes. These neomembranes are prone to effusing CSF and mi-
crohemorrhages.” Therefore, a cSDH is a mixture of blood-break-
down products, CSF, and neomembranes.

How do these components of a cSDH contribute to MR imag-
ing signal? First, consider the evolution of subdural blood. It goes
through the same hyperacute, acute, early subacute, and late sub-
acute stages as parenchymal blood, just more slowly. This slower
progression has been attributed to greater oxygen tension in the
subdural compartment.”> However, the chronic stage of subdural
hemorrhage differs from that in parenchymal hemorrhage. A
cSDH is characterized by repeat episodes of rebleeding along vas-
cularized neomembranes, thus containing varying amounts of al-
bumin, hemoglobin, and hemoglobin breakdown products, in-
cluding hemosiderin and globin proteins.®” The various proteins
increase T1 and FLAIR signal, and paramagnetic/ferromagnetic
hemosiderin causes blooming on T2*-GRE/SWI. Hemosiderin
tends to layer along the dural surface and along neomembranes.
However, hemosiderin may be completely absent from the sub-
dural compartment' > because absence of a BBB allows hemo-
siderin-laden macrophages to scavenge blood products and exit
the subdural compartment.” Contrast this scenario with chronic
parenchymal hemorrhage, which typically shows hemosiderin
staining. This explains the range of ¢cSDH signal in our 5 cases:
variable T1/FLAIR hyperintensity to CSF due to proteins and
variable hemosiderin staining on T2*-GRE/SWI. Several of our
cases demonstrated absent or very subtle hemosiderin staining
along the neomembranes. Finally, the fluid in chronic subdural
hemorrhage does not need to be hypointense on T2*-GRE/SWL.”
In our cases using SWAN, the fluid was hyperintense to CSF. On
T2*-GRE, 2 of our cases demonstrated slight hyperintensity rela-
tive to CSF: One demonstrated slight hypointensity, and another
demonstrated isointensity. The hyperintensity relates to the same
proteinaceous content that elevates the T1 and FLAIR signal, and
the slight hypointensity reflects the susceptibility effects of blood
products.

Neomembranes are important to note because they are diag-

nostic of cSDH and, along with non-CSF-like subdural fluid sig-
nal, represent the key observations allowing differentiation from
SDHy. However, they are of varying conspicuity, with one of our
cases demonstrating no definite neomembranes. T2*-GRE/SWI
can make neomembranes more conspicuous, particularly in the
presence of hemosiderin staining. Additionally, neomembranes
can enhance, and contrasted imaging may improve membrane
conspicuity in some authors’ experience.”® Of note, intravenous
contrast provided no additional information in our 3 contrast-
enhanced cases. Finally, membranes may be much more conspic-
uous in a particular plane, which highlights the importance of
multiplanar imaging. If no membranes are identified and there is
no hemosiderin staining, differentiating among hyperacute SDH,
SDHy, and ¢SDH can be difficult. In such challenging cases, com-
plementary nonenhanced CT and serial imaging are useful be-
cause these collections will evolve differently.”

Variable detail in the operative reports limits our correlation
of imaging appearance with surgical drainage findings. ¢<SDH
fluid has often been described as having the gross appearance of
“crank case oil”—that is, thick and dark red/brown.*®'° Most
interesting, cases 4 and 5 had operative descriptions more typical
of SDHy, yet they still had membranes compatible with ¢SDH.
This further highlights the complex and varying nature of cSDH
fluid. Case 3 had the imaging appearance of an SDHy, yet it was
called “chronic subdural hematoma” in the operative report.
Given the retrospective nature of this report, it is unclear how to
reconcile this discrepancy, but it is possible that this collection was
indeed an SDHy. Case 1 similarly just described “subdural hema-
toma.” Only case 2 described “reddish-brown CSF,” a description
close to that of classic cSDH.

In summary, we present 5 cases of cSDH in infant survivors of
abusive head trauma, which illustrate important caveats regard-
ing the T2*-GRE and SWI signal characteristics of chronic sub-
dural hemorrhage. First, the fluid in ¢<SDH is often isointense or
hyperintense to CSF on T2*-GRE or SWI. Second, hemosiderin
staining along the dural surfaces or neomembranes is commonly
yet not universally present. When there is a paucity of hemosid-
erin, neomembranes can be very subtle. Because neomembranes
are a key observation in diagnosing cSDH, careful examination of
all MR imaging sequences in multiple planes is necessary. These
observations serve to further refine the described appearance of
cSDH on T2*-GRE/SWTI in infants with abusive head trauma and
dispel any notion that chronic subdural hemorrhage must dem-
onstrate hypointense fluid or hemosiderin. This refinement is
particularly important in the setting of child abuse, given the crit-
ical medicolegal and forensic implications of accurate subdural
collection description and dating.
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