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PURPOSE: To determine the MR and CT findings that characterize acute spinal subdural hema

toma (ASSH) . METHODS: The MR, CT, and clinical findings in three patients with surgically 

proved ASSH were reviewed and also correlated with the postmortem MR , CT, and cryomicrotome 

findings in three other patients, two with ASSH and one with an acute spinal epidural hematoma. 

RESULTS: Imaging findings in ASSH included: (a) hyperdense lesions on plain CT within the dural 

sac, distinct from the adjacent low-density epidural fat and silhouetted against the lower-density 

spinal cord and cauda equina , which it compressed; (b) lack of direct continuity with the adjacent 

osseous structures; (c) clumping, loculation, and streaking of blood within the dural sac on both MR 
and CT; and (d) an inhomogeneous and variable signal intensity to the ASSH on all MR pulse 

sequences, but, nevertheless, a striking low signal intensity on T2-weighted spin-echo or T2-

weighted gradient-echo to a major part of the ASSH because of deoxyhemoglobin. Plain CT was 

most helpful in compartmentalizing the hematoma. CONCLUSION: When MR and plain CT are 

obtained as complementary studies, they provide characteristic findings that allow the prompt 

diagnosis of ASSH. 
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Acute spinal subdural hematoma (ASSH) is 
an uncommonly recognized condition that if left 
untreated can result in severe irreversible neu
rologic deficits (1-7) . Like acute spinal epidural 
hematomas, these ASSHs can expand rapidly 
and extend over many spinal segments, caus
ing sudden spinal cord and/or cauda equina 
compression ( 1-19). Because rapid surgical 
decompression can reverse neurologic deficits 
or halt their progression, prompt recognition of 
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this condition can affect patient outcome favor
ably. Despite the importance of early diagnosis, 
the imaging characteristics of ASSH, unlike 
acute spinal epidural hematoma ( 11-29), have 
not been well elucidated. Recent experience at 
our institution with three patients with surgically 
proved ASSH prompted us to review their clin
ical and imaging findings and correlate them 
with the postmortem magnetic resonance (MR) 
and computed tomographic (CT) scans and 
cryomicrotome data in three other patients with 
spinal hematomas to determine what imaging 
patterns are characteristic of this condition. 

Subjects and Methods 

Postmortem material was obtained from three children 
who had sustained significant trauma from motor vehicle 
accidents or shaking episodes. They were either dead on 
arrival or died within 2 days of the injuries . Their vertebral 
columns with the spinal cords in situ were removed at 
autopsy and were placed immediately in 10% buffered 
formalin for 2 weeks and then stored in 0.01 moi/L phos
phate buffer at 4°C. With a shoulder and cervical surface 
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coil, plain MR images were then acquired on a 1.5-T unit 
with a 3-mm section thickness and with T1- and T2-
weighted images and T2-weighted gradient-echo MR se
quences. Pulse parameters were as follows : (a) axial Tl 
weighted, 750/20/4 (repetition time/echo time/ 
excitations), goo flip angle; (b) sagittal Tl -weighted, 500/ 
20/4, goo flip angle; (c) sagittal and coronal T2-weighted, 
2000/80/2, goo flip angle; (d) axial gradient-echo, 600/ 
13/4, 20o flip angle; (e) sagittal gradient-echo, 500/13/ 4 , 
20° flip angle. Images were displayed on an image matrix 
of 1g2 or 256 X 256. CT scans were then obtained on 
these sam e specimens in the sagittal view with 1.5-mm
thick sections. Subsequently, the frozen vertebral col
umns with spinal cords in situ were prepared for sec
tioning on a Reichart-Jung Cryomacrocut (Leica, 
Heidelberg , Germany). They were oriented to be sec
tioned sagittally and photographed at approximately 
1-mm intervals . Cryomicrotome findings were then cor
related with the postmortem MR and CT results to deter
mine the precise location and the imaging characteristics 
of the extravascular blood in the spinal canal and the re
lationship of the hematomas to the spinal cord and 
cauda equina . 

In three hospitalized patients, plain CT scans with 3.0-
to 5 -mm -thick sections were done. Plain MR scans were 
then acquired within 6 to 36 hours of the CT. They were all 
done on a 1.5-T unit with a surface coil and 4. 7- to 7 -mm
thick sections. Pulse parameters were as follows : (a) axial 
Tl -weighted, 800/16/1, goo flip angle; (b) sagittal Tl
weighted, 600/20/4, goo flip angle; (c) sagittal proton
density and T2-weighted, 2382/ 20,80/2, goo flip angle; 
(d) axial gradient-echo, 750-1000/18/1, 20° flip angle; 
(e) sagittal gradient-echo, 600/18/4, 20o flip angle. Field 
of view was 23 em for axi<!l and 30 em for sagittal images. 
Images were displayed on a matrix of 200 to 220 X 256. 
These MR and CT scans were then reviewed and correlated 
with the surgica l findings to ascertain in what spinal com
partments the hematoma's were residing , how extensive 
they were, how much neural compression they were asso
c iated with, and what signal characteristics they had on MR 
and what density they had on CT. 

Results 

The three hospitalized patients were two 
adults (ages 21 and 35 years) and one child 
(age 11 ), the latter leukemic. All three had ab
normal clotting studies. In one of the adults , a 
gunshot-wound victim with a history of alcohol 
abuse and a long complicated hospital course, 
the coagulopathy was related to liver dysfunc
tion. In the other adult, who had an encepha
lopathy, the patient was on anticoagulant ther
apy. Acute paraplegia developed in all three 
patients after multiple unsuccessful attempts 
at lumbar puncture (n = 2) or epidural anes
thesia (n = 1). Imaging studies were initiated 
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within 24 hours of symptom onset. All three 
underwent surgical evacuation of their iatro
genic ASSH, which as demonstrated on the 
imaging studies and documented at surgery 
were extensive in all three extending over 12 
to 14 spinal levels and associated with spinal 
cord and cauda equina compression. Small 
amounts of subarachnoid hemorrhage and/or 
epidural blood were also found. 

The postmortem cases were of three infants, 
all of whom died directly as the result of severe 
trauma . In two of these infants (both 8 months 
of age) , the trauma resulted in severe injuries to 
the spine. The cervical spine was the site of 
injury in one and the thoracolumbar spine and 
coccyx the affected site in the other. The mech
anism of injury was a motor vehicle accident in 
the first and child abuse with severe injury to the 
back, abdomen, and head in the second. After 
death , MR, CT, and cryomicrotome analysis in 
these two infants revealed sizeable acute spinal 
subdural hematomas extending over four to six 
spinal levels. In addition, spinal cord injury 
(consisting of cord severance in one and conus 
maceration in the other), vertebral body frac
tures (C-3 and C-7 in one and T-12 and the 
coccyx in the other), disk injuries, and small 
collections of epidural and subarachnoid blood 
were also present. In the third infant (age 5 
months) , also a victim of child abuse, no cord 
injury was present. Findings in this child with an 
injury caused by shaking included mild com
pression fractures ofT-5 and T-8, disk injury (at 
T-7 to T-8), and a one-level small acute spinal 
posterior epidural hematoma (at T -6 to T -7), 
which was not associated with any cord 
compression. 

Our imaging results in both the antemortem 
and postmortem cases of ASSH revealed the 
following findings . On plain CT the ASSH ap
peared as a hyperdense lesion within the dural 
sac distinct from the adjacent low-density epi
dural fat and osseous structures (Fig 1). Clump
ing, loculation, and streaking of blood within the 
dural sac were noted. Similarly, on MR, clump
ing, loculation, and occasionally streaking of 
blood were also noted within the dural sac (Fig 
2) distinct from the adjacent bone and epidural 
fat, the latter hyperintense on T1-weighted im
ages and hypointense on gradient-echo images. 
An inhomogeneous and variable signal intensity 
to the ASSH (depending on its exact age) was 
seen on all pulse sequences (Figs 3-5). On 
T1-weighted images the acute subdural blood 



AJNR: 15, November 1994 

A 

appeared heterogeneous with isointense to 
slightly hyperintense and sometimes also hy
pointense signal. On T2 -weighted or gradient
echo images the ASSH was characterized by 
areas of hypointensity, isointensity, and hyper
intensity . Despite this heterogeneous signal , a 
striking low signal intensity was seen in a sig
nificant portion of the ASSH on T2-weighted or 
gradient-echo images and dominated the imag
ing findings (Figs 3C- E, 48, and 5C). 

To compare MR with CT in the cases of 
ASSH, plain CT more clearly compartmental
ized the acute spinal hematomas in the subdural 
space (Fig 4) , especially in cases in which the 
signal changes in the hematomas were inhomo
geneous and in cases complicated by smaller 
amounts of blood in other compartments ( eg, 
subarachnoid and epidural spaces). Fractures, 
although obvious on both imaging studies, were 
seen with greater anatomic clarity on CT. How-
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Fig 1. ASSHs: plain CT appearance. 
Plain CT scans in two patients with surgi
ca lly proved ASSH show hyperdense lesions 
within the theca l sac (arrows) , loculated 
predom inantly to the ventral aspect of the 
spinal canal at L-3 in one patient (A) and to 
the dorsa l aspect of the spina l canal at L- 1 in 
the other (B). 

ever, disk injury was more readily recognized on 
MR (Fig 5) because of the hyperintense s ignal 
abnormalities on both the T l -weighted and the 
T2-weighted or gradient- echo images . Neural 
damage was also more readily detected on MR. 
Spinal cord contusion was seen as areas of hy
perintense s ignal on T2-·weighted or gradient
echo images, which when complicated by hem
orrhage also had areas of hypointensity. Spinal 
cord and cauda equina compression were also 
more clearly delineated on MR than on plain CT, 
especially on the axial T2 -weighted or gradient 
echo images. 

Unlike the ASSHs , the epidural hematoma 
(found in one of the postmortem cases) ap
peared "capped" by the surrounding epidural 
fat. It was directly adjacent to the osseous struc
tures and was not confined within the dura l sac, 
but rather was located outside the sac in the 
extradural space . 

Fig 2. ASSHs: plain MR appearance. 
Plain MR at the L-5 level shows a loculated 
collection (arrows) within the thecal sac ap
pearing A , isointense in signa l to spina l cord 
on the T1-weighted image and B, heteroge
neous on the gradient-echo image, with hy
perintense signal centrally and hypointense 
signa l peripherally. The anterior two arrows 
in B point to the deoxyhemoglobin at the 
peripheral media l margin of this collection. 
Notice that this bilobed collection is con
fined within the dural sac and does not dif
fuse freely within the thecal sac and is 
c learly separate from the adjacent epidura l 
fat , which appears bright on the T1 -
weighted image and hypointense on the gra
dient-echo image. Notice also that this he
matoma is compressing and displacing 
anteriorly the cerebrospinal fluid and cauda 
equina in the subarachnoid space. An ASSH 
was found and evacuated at surgery . 
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Fig 3. ASSHs: plain MR appearance. T1-weighted images in axial (A) and sagittal (B) views 

and gradient-echo images in axial ( C and D) and sagittal (E) views show an extensive thoraco
lumbar ASSH (surgically proved) (arrows in A-E) in a patient with a coagulopathy and multiple 
unsuccessful lumbar puncture attempts. It appears as a collection with inhomogeneous signal on 
both T1-weighted and gradient-echo images. However, on the gradient-echo images a striking 
low signal intensity predominates. Notice that the spinal cord at the T -12 to L-1 level can be 
differentiated from the ventral collection of acute subdural blood on the gradient-echo axial (C) 
view because the low-signal ASSH is loculated to the ventral subdural space (arrows) and 
separated from high -signal subarachnoid sac and isointense spinal cord. Notice also that at the 
L-3 level, near the site of the spinal punctures , both a ventral (closed arrow in D) and a dorsal 
(open arrows in D and E) subdural collection of acute blood can be seen. Some subarachnoid 
blood is also likely present at this site. 

Discussion 

Hematomas in the spinal canal have long 
been recognized as lesions capable of produc
ing sudden spinal cord and/or cauda equina 
compression (1-19). Their development has 
been related to a variety of different factors, 
including ruptured vascular malformations, un
derlying neoplasm, hypertension, coagulopa
thies , trauma, pregnancy, old age, infection, 
and spinal surgery (8 , 13, 14, 30-32). Antico
agulant therapy, especially in combination with 
spinal punctures or epidural anesthesia , also 
has been regarded as an important predispos
ing factor (2, 6, 14, 33-35) . In fact , anticoagu
lation initiated within 1 hour after a traumatic 
lumbar puncture and clotting studies greater 

E 

than two times normal have been reported to 
increase the risk of bleeding ( 14, 33-35). Spinal 
hematomas, however, also have been de
scribed as occurring spontaneously or after only 
minor activities such as sneezing or coughing 
(13, 30-32, 36-39). Although usually acute 
(occurring within the first 48 hours of the event), 
some spinal hematomas have been identified as 
causes of chronic myelopathy (7, 31 , 32, 39, 
40). Because they rarely spontaneously remit 
(30) , and because of their great propensity for 
causing severe irreversible neurologic deficits, 
immediate surgical evauation of these com
pressive lesions has been strongly advocated 
(1 , 9, 13, 15, 17). 

Of the spinal hematomas, those in epidural 
locations are by far the most common, which 
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Fig 4. ASSH: MR and CT. The 3.7-mm-thick T1-weighted (A), gradient-echo sag
ittal (B) , and gradient-echo axial (C) projections reveal a lesion characterized by 
inhomogeneous signal intensity on all pulse sequences. The dorsal collection, however, 
is well demarcated by the striking hypointense signal seen on the gradient-echo images 
in part of the hematoma (arrows in Band C). The gradient-echo axial image (C) is at the 
L-1 level. The corresponding plain CT (0) clearly shows that this acute hematoma, seen 
as a hyperdense collection at the same L-1 level, is not in the epidural space, but rather 
is subdural (arrows). The low-density epidural fat (open arrows in D) seen on this CT 
serves as a marker of the epidural space . Because of the contrast between the low
density epidural fat and the adjacent high -density acute hematoma, the hematoma ca n 
be recognized as being in a separate adjacent compartment (ie , the subdural space) and 
not in the epidural space . 

explains why the clinical and radiologic mani
festations of epidural hematomas have been the 
most often described (9, 11-33, 36, 37, 39, 40). 
It is important to recognize, however, that spinal 
hematomas also can occur in either subdural or 
subarachnoid locations and that these hemato-

mas can cause neural compression comparable 
to that of an epidural hematoma (1-8, 34, 38, 
41, 42)_ Because of the infrequent occurrence 
of spinal subdural hematoma and the even rarer 
occurrence of subarachnoid hematomas, their 
clinical features have been less commonly de-
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Fig 5. Postmortem case of ASSH. 
A, Plain CT scan of the thoracolumbar spine with 1.5-mm-thick 

sections reveals a hyperdense collection of blood clearly within the 
dural sac (large arrows) and separate from the adjacent epidural 
low-density fat. A coccygeal fracture subluxation (small arrow) and 
a mild T-12 compression fracture are also seen. 

B, The corresponding plain MR with a 3-mm-thick T1 -weighted 
image in the sagittal view documents the subdural location of this 
acute spinal hematoma, showing it as an abnormal collection (black 
arrows) of isointense to hypointense signal within both the ventral 
and dorsal aspects of the spinal canal, clearly demarcated from the 
hyperintense epidural fat. 

C. On the T2-weighted image in the sagittal view, the subdural 
blood is clearly distinguished from the epidural fat because of the 
striking hypointense signal to the ASSH (black arrows). 

Also evident on the MR images in this infant who died from a 
shaking injury is the T -12 (large white arrow in B) and coccygeal 
(open arrow in B) fractures, and evidence of intervertebral disk and 
conus injury . Notice the hyperintense signal in the T -12 to L-1 disk 
space on Tl - and T2-weighted images (small white arrows in Band 
C) and also the lack of normal configuration to the conus, within 
which there is abnormal hyperintense signal (longer white arrows in 
C). Notice also that the cerebrospinal fluid signal is not normal , and 
the cauda equina is difficult to distinguish because there is some 
blood in the subarachnoid space as well. 

D, Cryomicrotome sections confirmed the large intrathecal he
matoma (arrow) , as well as the conus contusion, hemorrhagic con
tused disk, and the fractures . Also evident are small amounts of 
blood between the roots of the cauda equina. 
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scribed, and their imaging characteristics have 
received little attention. Nevertheless , the need 
for correct compartmentalization of the hema
toma has not been precluded by the less
common occurrence of the subdural and sub
arachnoid hematomas. Correct preoperative di
agnostic location of the hematoma informs the 
surgeon of the need to open the dura or arach
noid to locate the hematoma, particularly in 
cases complicated by the coexistence of epi
dural and subdural hematomas. 

The anatomy of the epidural, subdural, and 
subarachnoid spaces seems to be a predispos
ing factor to the development and extension of 
spinal hematomas. For example, the extensive 
network in the spine of thin-walled valveless 
epidural veins embedded in loose areolar tissue 
has been said to make rupture of these fragile, 
relatively unprotected vessels possible when 
they are subjected either to changes in intraab
dominal and intrathoracic pressure or to injury 
from traumatic lumbar punctures (2, 13). Be
cause the epidural space is largest posteriorly, 
the route of spread of these epidural hemato
mas is usually in the posterior epidural space 
(2, 13). In the cervical spine, the network of free 
or bridging epidural arteries that course from 
the nerve sheath to the arterial plexus on the 
spinal dura also has been viewed as an anatom
ically vulnerable site where epidural hemato
mas could form easily as a result of mechanical 
disruption ( 15). In contrast, subarachnoid he
matomas do not readily develop, because of the 
pulsatile flow of cerebrospinal fluid that contin
uously occurs in this compartment. When 
bleeding does occur in the subarachnoid space, 
a hematoma usually does not form . Rather, the 
blood typically diffuses freely throughout the 
spinal subarachnoid pathway ( 1, 10). In the 
presence of an obstruction or very slow cere
brospinal fluid flow, however, the formation of a 
hematoma is favored ( 1). 

The mechanism of hematoma formation in 
the spinal subdural space remains open to con
jecture. However, an electron microscopy study 
by Haines et a! recently offered explanations for 
subdural hematoma occurrence in the brain, 
which also seem plausible for the spine ( 43) . 
According to these authors , the dura is com
posed externally of elongated flattened fibro
blasts and large amounts of extracellular colla
gen; internally it is made up of flattened 
fibroblasts and extracellular spaces containing 
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no extracellular collagen, with few cell junc
tions. Whereas the external layer of dura is 
strong, the inner dura or meningeal dura , also 
known as the dural border cell layer , is structur
ally weak and vulnerable to tearing open from 
injury ( 43) . The adjacent arachnoid layer bears 
resemblance to the external dura in that it also is 
a strong barrier, being composed of larger cells 
with many cell junctions, no extracellular colla 
gen, and no extracellular space. The numerous 
tight junctions in this layer prevent the free 
movement of fluids and ions. This arachnoid 
layer is further strengthened by the fact that 
arachnoid trabeculae formed from specialized 
fibroblasts attached to the inner arachnoid layer 
traverse the subarachnoid space and attach to 
the pia (43) . According to Haines et al , under 
these anatomic conditions no potential space 
exists at the dura-arachnoid junction in the 
brain (43). Rather, the dural border cell layer, 
which is the structurally weakest point in the 
meninges, cleaves open when traumatic or 
other pathologic forces cause tissue injury ( 43). 
The space that is created in this fashion is ac
tually within this distinct dural border cell layer 
as opposed to being in an anatomic subdural 
space (43). By common parlance, however, 
this pathologically or traumatically induced 
space is still usually referred to as the "subdural 
space" and has been so identified in this paper 
also . 

Based on the anatomic observations of 
Haines et a! ( 43) , it is not difficult to imagine 
that in the spine the vulnerable inner dura, or 
dural border cell layer, also could be easily torn 
apart under certain circumstances, such as with 
multiple traumatic lumbar punctures in a pa
tient with a preexisting coagulopathy. It is also 
easy to imagine that the hematoma could 
spread extensively in the spinal canal in this 
"cleaved open" space in the inner dura yet be 
confined between the tough external dura and 
arachnoid and thereby form a discrete mass. 

An alternative hypothesis for the formation of 
spinal subdural hematomas could be offered 
based on the anatomic studies performed by 
others specifically in the spine ( 44, 45). 
Blomberg, for example, found that the spinal 
subdural space in 10 of 15 human autopsy 
cases opened easily with spinaloscopy ( 44). In 
his view, then, the spinal subdural space would 
be a potential space susceptible to injury during 
attempts at epidural anesthesia . A hematoma 
then could form easily in this subdural space. 
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Whether the spinal subdural hematomas de
scribed in our paper are within a cleaved-open 
inner dura or are actually in a true subdural 
space can only be determined by further ana 
tomic investigations. 

In the past, the diagnosis of spinal hemato
mas has been made based on a high degree of 
clinical suspicion and myelographic findings. 
The myelogram has been used to detect these 
obstructing lesions, to delineate their extent, 
and to indicate which particular compartment 
they involved ( eg , epidural , subdural, and/or 
subarachnoid space) (8, 11-14, 31, 32). Be
cause of the invasive nature of this procedure, 
and because this study is contraindicated in 
patients with coagulopathies, the role of my
elography in identifying spinal hematomas 
gradually has diminished with the advent first of 
CT and then of MR. 

Plain CT has been successfully used to diag
nose acute spinal hematomas in the epidural 
space (1 , 2 , 13 , 15, 20) . These acute spinal 
epidural hematomas have been described on 
noncontrast CT scans as sharply demarcated 
hyperdense mass lesions of blood-equivalent 
density and of biconvex shapes that closely ap
proximate the bony confines of the spinal canal , 
which displace and compress the less dense
appearing thecal sac and spinal cord ( 15, 20, 
22- 25, 40). They have been identified most 
commonly in a dorsolateral location (15 , 20, 
25, 40) . On plain CT these acute spinal epidural 
hematomas have been diffe rentiated from 
bleeding in the subarachnoid sac when the latter 
has been diffuse and seen as nonlocalized areas 
of increased density surrounding the more lu
cent-appearing spinal cord (20) . The differenti 
ation of acute spinal epidural hematomas on 
plain CT from acute spinal subdural hematomas 
has not been well described. 

More recently, MR has been successfully 
used to diagnose acute spinal hematomas (26-
29). On plain MR acute and subacute epidural 
hematomas have been reported to appear as 
well-demarcated biconvex collections with su
periorly and inferiorly ta pering margins clearly 
separated from the spinal cord (28 ). Although 
often seen in dorsolateral locations (28 ) epi
dural hematomas also have been found on MR 
in ventral locations in the spinal canal as those 
recently reported in the lumbar spine by Gundry 
and Heithoff where they were seen in associa 
tion with small concomitant disk herniations 
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and underlying annular tears (29). A ventral 
location to an epidural hematoma also has been 
reported on MR in the midthoracic spine by 
Keane et a! as a complication of acupuncture 
(21 ). 

Because of the many advantages it offers, MR 
has been advocated as an imaging study well 
suited for the detection of spinal hematomas. 
Among the advantages of MR cited in the liter
ature are its noninvasive nature, its superior 
contrast resolution to that of CT, and its ability 
to show directly the spinal cord and to survey 
quickly the entire spine to determine the extent 
of the spinal hematoma ( 21 , 26-29). MR' s sen
sitivity in detecting blood and its ability to spe
cifically diagnose and stage hematomas have 
been emphasized (46-49). The ability of MR to 
show the breakdown products of blood has been 
most thoroughly described in the brain, and its 
value in the spine also has been recognized, 
particularly in patients with spinal cord injuries 
and intramedullary hemorrhages (26-29). The 
evolutionary changes that occur in intracranial 
hematomas have been thought applicable to 
spinal hematomas as well (26-29). 

At 2 days of age on plain MR, spinal epidural 
hematomas have been reported by Rothfus et al 
to be isointense to hyperintense to spinal cord 
on T1-weighted images and hyperintense to 
spinal cord on T2-weighted images, whereas at 
3 days of age, the hematoma has been de
scribed as an inhomogeneous hyperintense 
mass on T1-weighted images (28). At 10 days 
of age, epidural hematomas have been reported 
to be hyperintense on both T1- and T2-
weighted images (21 ). Gundry and Heithoff, 
however, found a more variable appearance of 
epidural hematomas, encountering hyperin
tense signal on proton-density and T2-weighted 
images in only 30% of their cases (29). Their 
epidural hematomas, which usually could be 
distinguished from the lower-signal intensity 
adjacent disk herniation, ranged from interme
diate to high signal intensity on both the proton
density and T2-weighted images (29) . The time 
from clinical presentation to MR imaging in their 
series of 18 patients ranged from 2 to 870 days. 

Although the MR appearance of blood in the 
epidural and intramedullary spaces has been 
described, the appearance of subdural blood 
has not been as clearly elucidated. In our study 
we found that MR could be used successfully to 
diagnose subdural hematom as in the spine. As 
opposed to acute epidural hematom as, which 
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were capped by epidural fat, the subdural he
matomas were located within the thecal sac, 
separate from the adjacent extradural fat and 
separate from the adjacent osseous structures 
(Fig 2). In the subdural space, in contradistinc
tion to the epidural space, the hematoma ap
peared clumped and loculated and was actually 
reminiscent of myelographic contrast in the 
subdural space from a subdural injection. With 
the patient in a supine position, ventrally lo
cated subdural blood did not gravitate to the 
dorsal aspect of the thecal sac and did not dif
fuse freely (Fig 3). The subdural blood, al
though often seen in a ventral location, was also 
observed posteriorly, laterally, and sometimes 
circumferentially. The signal characteristics of 
these subdural hematomas were similar to 
those previously reported for epidural hemato
mas and also to those already reported for acute 
and subacute hematomas in the brain. Of par
ticular importance is the fact that on gradient
echo or T2-weighted images these acute spinal 
subdural collections had strikingly low signal 
intensity to a major portion of the collection 
because of the presence of deoxyhemoglobin, 
which allowed for the correct diagnosis of an 
acute subdural hematoma. Importantly, MR 
also could determine extent of a lesion and de
gree of cord and cauda equina compression. 

We did encounter some diagnostic difficul
ties, however. When MR was interpreted without 
the corresponding CT and/or without pertinent 
clinical history, when the hematoma appeared 
inhomogeneous and of variable signal intensity, 
(depending on its exact age), and when there 
was blood present in other compartments ( eg, 
epidural, subnarachnoid, and/or intramedul
lary), the MR picture was less clear (Fig 4) . The 
signal of fat on gradient-echo or T2-weighted 
images also had a potential of being misinter
preted as blood in the adjoining epidural space. 
The ability of MR to discriminate subdural he
matomas from hematomas in the subarachnoid 
space also remains to be determined. Neverthe
less, despite these difficulties , we found that 
when plain CT and plain MR were used together, 
the diagnosis of a subdural hematoma could be 
made, and the need for myelography was obvi
ated. CT was helpful in compartmentalizing the 
lesion, in confirming the presence of fresh 
blood, and in clearly differentiating the hyper
dense subdural hematoma from the adjacent 
low-density fat. 
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Although we noted no striking differences in 
the imaging appearance of the spinal hemato
mas in our three hospitalized patients compared 
with our three postmortem formalin-fixed spec
imens , the potential for a disparity in results 
does exist and should be pointed out. Carvlin et 
a!, for example, reported that after formalin fix 
ation , the T1 and T2 values for white and gray 
matter in the cervical spinal cord of humans and 
rats were considerably reduced when imaged 
on an experimental 1.9-T MR system (50). In 
another article, one dealing with the T1 and T2 
measurements over time in formalin-fixed hu
man whole-brain specimens, Tovi and Ericsson 
also addressed the possibility of results being 
altered because of potential changes from the 
fixation process (51) . They noted that formalin, 
a fixative that does not coagulate proteins, con 
siderably alters the physical characteristics of 
tissue by binding itself in a cross-linking fashion 
to side groups of certain amino acids (51) . They 
also noted that in formalin -fixed tissue a slight 
reduction of water content could be seen, and 
that the resultant mild dehydration of the tissue 
could result in reduced relaxation times (51). 
Nevertheless , they also noted that formalin fix 
ation resulted in a gradual degradation of phos
pholipid structures, which they postulated 
might counteract to some degree the effect 
caused by the cross-linking , thereby resulting in 
a decrease in T1 in white matter after formalin 
fixation compared with gray matter (51). Fur
thermore , they pointed out that the postmortem 
MR appearance of cerebral tissue that had ac
tually been reported previously in the literature 
seemed to have correlated well with the MR 
findings in vivo and with the histopathologic 
data (51). 

Taking into account these reports concerning 
formalin-fixed specimens , it is certainly possi 
ble that in our study the decrease in the T2 
relaxation values we saw in our acute spinal 
hematomas may have been accentuated by this 
formalin-fixation process. However, because 
striking hypointensity was also seen on gradi 
ent-echo or T2-weighted images in our hospi 
talized patients with ASSH , we feel that this 
potential difference in degree of T2 shortening 
did not affect our observations and conclusions . 
As for potential T1 shortening in our formalin
fixed specimens, we had no cases in which we 
saw bright signal on T1-weighted images in our 
postmortem specimens with ASSH. 
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We did not observe any differences in the 
imaging features of our three hospitalized pa
tients with clotting disorders compared with our 
three postmortem subjects with no clotting dis
orders. One could postulate that the hemato
ma's extent and rapidity of formation might be 
affected by clotting factors. One also could ar
gue that the degree of clotting and the amount 
of clot retraction may vary with the platelet con
centration . However, in the work reported by 
Clark et al (52), fibrin polymerization and clot 
retraction had small effect on T2 at 1.5 T. The 
appearance of acute hematomas in vitro was 
not significantly altered by these factors at this 
high field strength (52, 53). Although many fac
tors could have potentially shortened the T2 of 
acute hematomas at 1.5 T, including deoxygen
ation of blood, increase in hematocrit, and fibrin 
clot formation and retraction, the most impor
tant factor seemed to be deoxygenation, not 
fibrin clot formation and retraction (52). In our 
study, although we found no significant differ
ences in the imaging appearance of acute spi
nal hematomas between our two groups, we 
acknowledge that the signal characteristics of 
hemorrhage are so complex that further exper
imental work in the spine might prove helpful in 
uncovering physiologic changes that might af
fect the imaging appearance of acute hemato
mas in the spine. 

We conclude that plain CT and MR can be 
used as complementary studies if needed to 
establish the diagnosis of ASSH. 
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