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To determine the chronologic changes in the MR appearance of brainstem hemorrhage 
and to evaluate the clinical efficacy of MR imaging, 15 patients were examined with a 
0.5-T MR scanner with inversion-recovery (IR) and T2-weighted spin-echo (Sf) images. 
In the acute stage (up to the sixth day), hematomas were hypo- or isointense on IR 
images and isointense and then hypointense on Sf images. In the subacute stages (the 
seventh day to 2 months), hematomas changed from hypo- or isointensity to hyperin­
tensity centripetally on IR images and to hyperintensity on Sf images. Parenchymal 
reactions were hypointense first on Sf images and then on IR images. In the chronic 
stage (over 2 months), hematomas "disappeared" and the parenchyma was hypointense 
on both IR and Sf images. 

The superior clinical efficacy of MR imaging relative to CT for the detection of 
hemorrhage was obvious except in the acute stage, when hematomas had an intensity 
similar to that of the adjacent brainstem, and the patients usually were in serious 
condition. 

MR imaging is accepted as an efficacious diagnostic method, especially for 
posterior fossa disease, because of its high tissue contrast, lack of artifacts from 
surrounding bony structures, and wide variety of imaging sequences [1-5] . Intra­
cranial hematomas are of much interest because of their distinctive appearance on 
MR images. To date, few reports have been published on intracranial hematomas 
with follow-up periods of over 1 year. We focus on the chronologic changes in the 
MR appearance of brainstem hemorrhage and discuss the clinical efficacy of MR 
imaging. 

Subjects and Methods 

Fifteen patients with brainstem hemorrhages (12 men and three women 43-72 years old) 
(Table 1) who were diagnosed by CT at the onset of hemorrhage were studied with a 0.5-T 
cryogenic superconductive MR scanner' with a 30-cm-bore head coil. Time intervals from the 
onset of brainstem hemorrhage to MR were 5 hr (day 0) to 14 months. Some cases were 
examined more than once, and MR was performed a total of 36 times . Before MR , the 
patients primarily had been studied with CT, with the Somatom DR3 t and CTfT 8800 and 
9000t scanners. For MR , T1-weighted inversion-recovery (IR) images were obtained with a 
repetition time (TR) of 2100-2500 msec, inversion time (TI) of 600 msec, and echo time (TE) 
of 40 msec (IR 2100-2500/600/40); T2-weighted spin-echo (SE) images were obtained with 
a TR of 1800-2500 msec and TE of 120 msec (SE 1800-2500/120). Image reconstruction 
was performed w ith two-dimensional Fourier transformation . The multiple-slice technique was 
used. Eight sections, each approximately 1 .O-cm thick , were imaged simultaneously in one 
study . The image matrix was 2562 and single excitations were used. Most images were in 

• Picker International, Highland Heights, OH. 
1 Siemens Medical Systems, Inc. Iselin, NJ . 
1 General Electric Medical Systems, Milwaukee, WI. 
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TABLE 1: Intervals from Onset of Brainstem Hemorrhage to MR 
Examination 

Case 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Age 

72 
62 
58 
57 
43 
49 
58 
51 
53 
53 
58 
49 
61 
48 
54 

Gender 

M 
F 
F 
M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
M 
M 

Intervals (in Days) 
from Onset of 

Hemorrhage (Day 
0) to MR 

0,56, 115 
1, 8, 19, 52 
2,4,7,11 , 14, 21 
7, 19, 32, 63,105 
9, 15 
10 
14 
20, 102 
21 
40,434 
43,67, 170 
52, 329, 392 
81 
168 
279 

the transverse plane. Cerebral angiography was not performed in any 
case. Two aspects were evaluated: (1) The intensities of the hema­
toma and the brain parenchyma immediately adjacent to the hema­
toma were evaluated with respect to the time interval from the onset 
of hemorrhage to MR. The hematoma was divided into two parts, 
central and peripheral. The signal intensities of both parts of the 
hematoma and of the brain parenchyma were studied independently. 
(2) The diagnostic efficacy of MR imaging was compared with that of 
CT for the detection of brainstem hemorrhages. 

Results 

Chronological changes in MR signal intensity and CT den­
sity are shown in Figure 1. The signal intensity of hemorrhage 
was assessed relative to that of normal white matter on both 
IR and SE images. The time interval from hemorrhage to MR 
examination is given, the day of hemorrhage being day O. 

From day 0 to day 1, the entire hematoma was hypo- or 
isointense on IR images and isointense on SE images (Fig. 
2). Then as early as day 2, the peripheral part of the hema­
toma became hyperintense on IR images (Fig. 3A) and could 
remain hypertintense until day 56, while the central part of 
the hematoma could remain hYPointense or isointense as late 
as day 56. On SE images, the entire hematoma was markedly 
hYPointense from day 2 to day 4 (Fig. 3B). 

On IR images, the central part of the hematoma began to 
be hyperintense as early as day 7 and could remain hyperin­
ten e until day 40. Peripheral hyperintensity usually pro­
ceeded to central hyperintensity (Figs. 4A, SA, and 6A). On 

E image , the entire hematoma as hyperintense from day 
7 to da 6 (Fig . 4B, 58 and 6B). 

Finally on IR image , the hyperintensity of the hematoma 
i appeared a early a da 52. On SE images, the hyperin­

ten 't of the ematoma disappeared as early as day 63. On 
, rain paren rna immediately adjacent to the 

hematoma began to be of low intensity as early as day 21 
(Fig . 7 A) . The same area began to be of low intensity as early 
as day 10 on SE images (Fig . 7B). Thereafter, brain paren­
chyma remained of low intensity on both IR and SE images 
(Fig. 8). 

Small presumed cyst formations were observed on five 
occasions as early as day 63. Cysts showed intensities similar 
to that of CSF; that is, low intensity on IR images and high 
intensity on SE images. 

Unenhanced CT was performed at the same time as MR in 
31 instances; on six occasions brainstem hemorrhage was of 
high density as late as day 8. On 10 occasions hematomas 
could be recognized as vaguely demarcated low-density 
areas, but on the remaining 15 occasions hematomas could 
not be identified and CT revealed no abnormalities. Low­
density areas appeared as early as day 14. MR imaging was 
performed a total of 36 times. On all occasions, abnormalities 
could be identified with MR imaging, regardless of the signal 
intensity of the hematomas. 

Discussion 

In early reports , intracranial hematomas were recognized 
on MR images by their short T1 and long T2 values [2, 6]. 
However, the relaxation times of hematomas were noted to 
change during their clinical evolution. 

We divided the clinical course of hematomas into three 
stages: (1) from the onset of hemorrhage to day 6, (2) from 
day 7 to 2 months, and (3) from 2 months onward (Table 2). 
In the acute stage (up to day 6), the signal intensity of the 
hematoma was hypo- or isointense relative to normal white 
matter on IR images and isointense initially on SE images 
(days 0-1). The hematoma then became hypointense on SE 
images (days 2-4) and remained hypointense on IR images, 
though it began to be hyperintense around the periphery 
(day 2). 

In the subacute stage (day 7 to 2 months), the periphery of 
the hematomas was hyperintense on IR images, while the 
central part was hypo- or isointense initially and later became 
hyperintense. On SE images, the entire hematoma was hy­
perintense. At the end of the subacute stage, the entire 
hematoma was hyperintense on both IR and SE images. 
Brain parenchyma immediately adjacent to the hematoma 
became hypointense first on SE images and then on IR 
images. 

In the chronic stage (2 months and later). the hematoma 
signals disappeared as early as day 63 on both IR and SE 
images. In some cases small presumed cysts were observed 
that were of low intensity on IR images and of high intensity 
on SE images. Parenchymal low intensity on both IR and SE 
images was prominent during this stage. 

Many reports have discussed the acute and subacute 
stages [7-10], but few the chronic stage. Sipponen et at. [7J 
reported a rat~er long T1 in acute hemorrhage with the T1 
becoming short at the end of the first week and the signal 
intensity of the hematoma increasing on IR images up to the 
second week. Our observations were similar to theirs: The 
shortening of the T1 of hematoma began at the periphery 
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Fig. 1.- Chronologic changes in MR intensities and CT densities f rom brainstem hemorrhage. 

A 

A and B, Intensities of center (solid circles) and periphery (open circles) of hematomas on IR (A) and SE (B) images. X = not ident ified. 
C, Intensities of parenchymal reactions on IR (solid circles) and SE (open circles) images. Presumed cyst formation (squares). 
D, CT densities of hematomas. 

B c 

Day 

Fig. 2.-Case 2: day 1. IR 2100/ 600/ 40 image (A) , SE 1800/1 20 image (8), and CT scan (e ). Entire hematoma (orrows ) Is 01 low Int n III' n IR ond t 
isointensity on SE images relative to white matter. Surrounding hematoma, very low-intensity area on IR Imag and high-1m n Ill' r on SE Irn II 
indicate edema (arrowheads). 

and this high intensity on IR images subsequently fi lled the 
entire hematoma. T2 values of a fresh hematoma were short 
and comparable to those of adjacent brain tissue [9] . DelaPaz 
et al. [10] reported that acute hematomas had a relatively 

short T1 and short T2, which cl1anged to h rt 
T2 . They indicated that th preci turnin p int w 
They did not find that h matoma sign I dl pp 
parenchymal reaction followed In the cl,ronlc t 
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A B c 
Fig. 3.- Case 3: day 2. IR 2100/600/40 image (A), SE 1800/120 image (B), and CT scan (C). Hematoma is of high intensity at periphery (arrow) and of 

low intensity at center (arrowhead) on IR image (A). On SE image (B), center and periphery of hematoma are of marked low intensity (arrow). Edema 
around hematoma is noted on both IR and SE images. 

B c 
Fig. 4.-Case 4: day 7. IR 2500/600/40 image (A), SE 2500/120 image (B), and CT scan (C). Hematoma is of high intensity at periphery (arrow) and of 

low intensity at center (arrowhead) on IR image (A) , while entire hematoma is of high intensity on SE image (B, arrow). Hematoma is still high-density 
area on CT. 

A 

Fig. 5.-Case 5: day 9. IR 2100/ 600/ 40 image (A) , SE 1800/ 120 image (B), and CT scan (C). Entire hematoma (arrows) is of high intensity on both IR 
and SE images. Edema around hematoma is seen in both sequences. CT does not show hematoma, but brainstem swelling is suspected. 
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A B C 

Fig, 6,-Case 3: day 14. IR 2100/600/40 image (A), SE 1800/120 image (8), and CT scan (C). Entire hematoma (arrows) is of high intensity on both IR 
and SE images. On SE image (8), brain parenchyma immediately adjacent to hematoma is of low intensity (arrowheads). On contrast-enhanced CT scan 
(C), ring enhancement (arrowhead) parallels low-intensity area on SE image. Edema is still observed around hematoma in both MR sequences. 

A B C 

Fig. 7.-Case 4: day 32. IR 2500/600/40 image (A), SE 2500/120/image (8), and CT scan (C). Entire hematoma (arrows) is isointense relative to white 
mailer on IR image and highly intense relative to white mailer on SE image. Brain parenchyma immediately adjacent to hematoma is of low intensity on 
both IR and SE images (arrowheads). Edema is not observed in either sequence. CT scan has low·density area (arrow ). 

can be expained by their short follow-up period of 42 days. 
Our observations revealed that the signal intensity of paren­
chyma adjacent to the hematoma decreased initially on SE 
images and then on IR images. Although hematoma signals 
disappeared eventually, parenchymal abnormalities remained 
and were hYPointense on both IR and SE images unless there 
was cyst, which was hypo intense on IR and hyperintense on 
SE images, simlar to CSF. 

Gomori et al. [11] observed (1) a central low intensity on 
T2-weighted images in the acute stage, (2) a change to high 
intensity on T1-weighted images and then on T2-weighted 
images extending from the hematoma periphery inward in the 
subacute stage, and (3) a rim of parenchymal low intensity 
abutting the hematoma on T2-weighted images in the sub-

acute and chronic stages. The first and third findings were 
observed only at high magnetic fields. However, we com­
monly observed all three findings at intermediate magnetic 
field strengths (0.5 T) . 

The peripheral low intensity on T2-weighted SE images in 
the subacute stage was quite similar to the ring blush after 
administration of contrast material in CT. On the contrast­
enhanced CT scan on day 14 (Fig. 6C) this ring blush was 
quite similar to the peripheral low intensity on SE images. 
Zimmerman et al. [12] reported that this ring blush was from 
gliosis and infiltration with hemosiderin-laden macrophages, 
and neovascularity was also observed in the granulation 
tissue around the hematoma. Laster et al. [13] reported that 
early ring formation was from blood-brain barrier breakdown, 
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Fig. 8.-Case 4: day 105. IR 2100/600/40 image (A) , SE 1800/120 image (B) , and CT scan (C). Hematoma signal has disappeared, and parenchymal 
reaction (arrows) is observed as low-density area on both IR and SE images. CT shows low-density area (arrow). Edema is not seen on MR images. 
Arrowhead in A indicates artifact at center of f ield of view. 

TABLE 2: Changes in MR Signal Intensities During Clinical Stages of Brainstem Hemorrhage 

Signal Intensity 

Stage: MR Sequence Center of Periphery of 
Parenchyma 

Hemoglobin Derivatives 

Hematoma Hematoma 

Acute (:56 days): 
IR Low, iso Low, iso ? Deoxyhemoglobin 
SEa Is~low Is~low ? Deoxyhemoglobin 

Subacute (7 days to 2 
months): 

IR Low, is~high 
SEa Low->high 

Chronic U~2 months): 
IR ?b 
SEa ?b 

Note.- iso = isointense; ? = not identified . 
• T2-weighted. 
b Presumed cyst formation was noted occasionally. 

High 
High 

?b 
?b 

and late ring formation was from vascular granulation tissue. 
These observations suggest that hemosiderin is responsible 
for producing low intensity on IR and SE images in the 
subacute and chronic stages . 

There has been no full explanation for the intensity changes 
in the evolution of hematoma. In the acute stage, deoxyhe­
moglobin without cell lysis is believed to be responsible for 
producing low intensity on T2-weighted images. The mecha­
nism is the preferential T2 proton relaxation enhancement 
caused by heterogeneity in magnetic susceptibility from de­
oxyhemoglobin [11 ]. In the subacute stage, methemoglobin 
appears and cell lysis occurs. Lysed RBCs are 5% more 
effective than intact RBCs in shortening T1 values [14] . 
However, Bradley et al. [15] reported that RBC lysis had no 
significant effect on T1 and T2 relaxation. High intensities in 
this stage are believed to correlate with methemoglobin. Di 
Chiro et al. [16] revealed experimentally that the change in 1/ 
T1 was roughly proportional to the methemoglobin concen-

Low Methemoglobin 
Low Methemoglobin 

Low Hemosiderin 
Low Hemosiderin 

tration for values up to 40%. In the chronic stage, resorption 
of methemoglobin occurs and hemosiderin appears. New et 
al. [17] explained that a decrease in or an absence of SE 
signal intensity was from the magnetic susceptibility effect of 
paramagnetic hemosiderin (paramagnetic "clump"). On our IR 
images, hemosiderin was hypointense. This is not because 
hemosiderin has long T1 values, but because hemosiderin 
caused preferential T2 proton relaxation enhancement, and 
the relatively long TE (40 msec) of our IR sequences intro­
duced a T2 component on IR images. In our series, magnetic 
susceptibility changes caused by deoxyhemoglobin and he­
mosiderin could be demonstrated even on intermediate-field 
MR images. However, high-field MR images are much more 
sensitive since the preferential T2 proton relaxation enhance­
ment is proportional to the square of the magnitude of the 
main magnetic field [11]. Edelman et al. [18] reported that a 
modification of the partial-saturation pulse sequence with 
gradient echoes permitted the acquisition of highly T1- and 



AJNR:9. March/April1988 MR OF BRAINSTEM HEMORRHAGE 267 

T2-weighted images and was markedly sensitive to magnetic 
susceptibility changes at intermediate field strengths . 

The causes of brainstem hemorrhages are seldom obvious. 
Angiographical/y occult arteriovenous malformation (A VM) ap­
plies to A VMs that do not show abnormal vascularity on 
cerebral angiography. Since angiography was not performed 
in any of our cases and there was no histopathologic confir­
mation of occult AVMs , we have no proof that our MR images 
show hematoma exclusively, and not also occult AVMs. An­
giographically occult AVMs usually appear on plain CT as 
either homogeneous or mottled, isodense or slightly hyper­
dense foci 2-3 cm in maximum size that enhance to a minimal 
or moderate degree with contrast media [19-22]. 

It is of great interest whether MR can demonstrate angio­
graphically occult AVMs in the brainstem. Kucharczyk et al. 
[23] reported 13 occult AVMs that appeared on MR as regions 
of relative signal void in three, hemorrhage in 12, and periph­
eral edema in seven. Evidence of slow flow (even-echo re­
phasing) was not observed in any case, and all regions of 
signal void were attributed to calcification rather than to high­
flow vessels. Lemme-Plaghos et al. [24] also reported that 
flow-related effects such as flow enhancement, high-velocity 
signal loss, and even-echo rephasing were not observed in 
any case, and pathologic vessels were not detected. Con­
versely, Lee et al. [25] reported five angiographically occult 
AVMs in the brainstem and found multiple areas of decreased 
signal within the hematoma in all cases, three of which 
showed a curvilinear decreased signal around the hematoma 
on T1-weighted SE images. Lee et al. concluded that the 
regions of absent signal within and surrounding a hematoma 
may represent vessels of the malformation or a pathologic 
process. New et al. [17] reported six occult AVMs and ob­
served areas of very low or absent signal on T1-weighted 
images (four of six cases) and areas of very low or absent 
signal on T2-weighted images (six of six) . They thought that 
these regions of very low or absent signal were from the 
magnetic susceptibility effect of hemosiderin and not from 
vascular flow or calcification. 

When we study the MR images of brainstem hemorrhage, 
we must consider abnormal vessels , calcification, and hem­
orrhage separately. Hemorrhage has the characteristic MR 
appearance described above, with changes in signal intensi­
ties over time. The signal intensity and shape of abnormal 
vessels and calcification may not change over time. Low­
intensity regions on both IR and T2-weighted SE images may 
represent rapidly flowing blood in a vascular malformation , 
hemosiderin in the reactive brain tissues after hemorrhage, or 
calcification . Furthermore, in the very early stage of hemor­
rhage (days 2-4), hematomas show marked hypointensity on 
T2-weighted SE images. Calcification is easily recognized on 
plain CT scans. In the posterior fossa, however, streak arti­
facts from the surrounding bone prevent its ready recognition. 
To differentiate between the flow void of a vascular malfor­
mation and hemosiderin, repeated MR studies are of vital 
importance to avoid the erroneous interpretation of hemosid­
erin as vascular malformation. Abnormal vessels generally do 
not change in size and shape, and hemosiderin does not 
appear in the very early stage of the hemorrhage. Subclinical , 

recurrent hemorrhage, however, may make this differentiation 
more complicated, since a fresh hematoma and hemosiderin 
can coexist. The absence of hemorrhage on MR may be a 
sensitive indicator that one is dealing with a disease other 
than an angiographically occult AVM; in particular, a neo­
plasm. The presence of hemorrhage, on the other hand, is 
suggestive of, but not specific evidence for an occult AVM 
[24] . Our results showed that these brainstem lesions exhib­
ited characteristic changes in signal intensities on both IR and 
T2-weighted SE images, and no calcifications were seen on 
plain CT in the chronic stage. Most of the patients had a 
history of hypertension, favoring the diagnosis of primary 
brainstem hemorrhage. Although there is a possibility that 
some of the brainstem lesions in our series were hematomas 
caused by vascular malformations, it is our impression that it 
is still difficult to differentiate with certainty angiographically 
occult AVM from primary brainstem hemorrhage, after a 
relatively large hemorrhage, with the use of MR alone. 

As for relative clinical efficacies in the detection of brainstem 
hemorrhage, MR is superior to CT (except in the acute stage, 
when hematomas have an intensity similar to that of the 
adjacent brainstem) because of its high tissue contrast , lack 
of artifacts from surrounding bony structures, and multiplanar 
sectioning . Moreover, MR can provide localization and delin­
eation of the extent of the hematoma and show mass effect 
on adjacent structures better than CT can [5] . However, the 
condition of patients with brainstem hemorrhage often is 
serious. Currently, the MR scanning time usually is far longer 
than that for CT. Current MR imaging systems often have 
neither satisfactory monitoring nor life-support systems. 
These facts degrade MR imaging as a diagnostic tool in the 
acute stage. Thus, MR imaging in the acute stage is less 
satisfactory than it is later for evaluating patients after intra­
cranial hemorrhage. CT should be used in the acute stage 
and MR in the subacute and chronic stages [15] . To use MR 
in the acute stage, especially for the critically ill patient, life­
support and monitoring systems have to be developed that 
can function in a high magnetic field [8] . 

In conclusion , we divided the clinical course of brainstem 
hemorrhage into three stages: (1) the acute stage (up to day 
6) , (2) the subacute stage (day 7 to 2 months), and (3) the 
chronic stage (2 months and later). In the acute stage, he­
matomas are hypo- or isointense on IR images and isointense 
and then hYPointense on T2-weighted SE images. In the 
subacute stage, hematomas change from hypo- or isointens­
ity to hyperintensity centripetally on IR images and to hyper­
intensity on SE images. In the chronic stage, hematoma 
signals disappear and parenchymal reaction is hypointense 
on both IR and SE images. The clinical efficacy of R in e 
detection of brainstem hemorrhage is clear and MR is diag­
nostically superior to CT except in the acute stage of hem­
orrhage. 
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