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Abstract: Nuclear magnetic resonance imaging of intracerebral hemorrhage
revealed a considerable difference in the appearance of the bleedings in the
acute and resolving phases. Attention is drawn to the shortening of the relax-
ation time T, within the first 2 weeks after the acute onset of symptoms with
the location of the change at the periphery of the lesion. The change was most
evident with T, dependent inversion recovery sequence (IR, sgu00). With this
pulse scheme the acute hemorrhage was visualized as a dark area during its
early days. A bright zone, reflecting the shorter T,, was not seen until the
resolving phase at the end of the Ist week. Although its pathophysiological
aspects are so far unknown, this finding may offer an opportunity for dating
intracerebral hemorrhages. Index Terms: Brain, hemorrhage—Nuclear mag-
netic resonance—Computed tomography.

Nuclear magnetic resonance (NMR) imaging has
been shown to be useful for the diagnosis of cere-
brovascular events (1-3). Chronic subdural hema-
tomas are clearly detected, even in the isodense
phase, due to their particular NMR properties—
short relaxation time T, and long relaxation time
T, (3).

In earlier publications a short T has been re-
ported also in acute intracerebral hemorrhage (4).
In order to investigate the development of the NMR
findings in intracerebral hemorrhages, patients
were examined in the first days following the event
and, if possible, again some days later in the re-
solving phase. The results revealed a change in the
NMR properties of the lesion during resolution.

MATERIALS AND METHODS

The prototype proton NMR imager (Instrumen-
tarium Corporation, Helsinki, Finland) may be
briefly characterized as follows. The strength of the
main magnetic field is 0.17 T (7.13 MHz). Two-di-
mensional Fourier transformation (2DFT) is used as
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the imaging method. The slice thickness is approx-
imately 10 mm and the original matrix consists of
128 x 128 image pixels. The imaging time varies
from 3!/2 to 9 min depending on the pulse sequence
used and on the averaging times.

The pulse sequences used in this study are sum-
marized in Tables 1 and 2. The two pulse sequences,
i.e., saturation recovery (SR) and inversion re-
covery (IR), are strongly dependent on T,. The total
cycle time in these sequences was 1,500 ms; the
repetition time (TR;) in the SR sequence and the
time of inversion (TI) in the IR sequence were 400
ms. The SR sequence was used in the first nine
patients and the IR sequence in the rest of the pa-
tients,

To obtain images which better reflect the proton
concentration, the proton density (PD) sequence
was employed. In this pulse sequence, pulses of 90°
are repeated with a long TR. The long interpulse
time reduces the T, dependence of this sequence in
most biological tissues. In the pulse sequences (SR,
IR, and PD) the data were collected by spin-echo
30 ms after the read puises (TE = time to echo).

To obtain images with stronger T, dependence, a
spin-echo sequence (SE) with a longer TE (= 100
ms) was used. With a long TR, tissues with high
proton concentration and a long T, give the
strongest signal intensity. Shortening of the TR to
500 ms also gives T, dependence with the same
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pulse sequence. Thus. tissues with high proton con-
centration and a long T, but a short T, give the
highest intensity.

The signal intensity obtained is always a function
of the different terms. The information from the tis-
sues is conveyved by the interaction of the tissue
NMR properties and the pulse sequence used. For
the sake of clarity, the first-order approximations
are given in Eqgs. [ to 3. where 1. signal intensity:
T,. longitudinal (spin-lattice) relaxation time: Ts,
transverse (spin-spin) relaxation time: TR . first
time of repetition of the 90° pulses in the SR se-
quence: TI. ume of inversion; TE, time to echo;
and {. tissue proton concentration.

Thirteen patients (aged 29 to 75 years) with intra-
cerebral hemorrhage were studied. A summary of
the patients’ data is presented in Table 3.

The CT examinations with either an EMI CT1010
head unit or a Siemens Somatom 2 were carried out
in the acute stage in all patients. In one subject the
CT study was repeated at 9 and in another at 13
days after the onset of symptoms. Nuclear magnetic
resonance follow-up was possible in four patients
as follows. One paticnt was scanned sequentially 2.
6. 13, and 28 days after the onset of the discase and
in the other three patients reexamination was per-
formed at 5. 9. and 10 days, respectively.

ISR = g’C “"Hl-c 'I‘Rl'll) ) RESULTS
g = ¢-¢ "ET2q1-2¢ My (2) e : .
IR o TI'he ¢linical data and the most important findings.
Ippand ¢ = {-¢ TET2(l.e TRTy, (3) i.c.. the visualization of the hemorrhage with the T,
TABLE 2. Time parameters used and the main contrast determinants
Main contrast
TR (tmv) T1 tms) TE tms) determinants
SRy <o aon 300 (TR 30 T,. proton density
100 (TR
IR} <o am 1.500 300 30 T,. proton density
PD: 2.000 30 Proton density
SEs s 2.000 100 Ts. proton density
SE SO0 100 I',. Ts. proton density
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TABLE 3. Summary of patients’ data and visualization of lesion with T, dependent pulse sequences

Etiology (if known) and Time from the onset Visualization of the
Patient/age (years) location of the of symptoms to NMR hemorrhage with SR spysm
/sex intracerebral hemorrhage imaging (days) or IRy spvs00
1/55/M Right anterior cerebral artery 28 Bright
aneurysm
2/48/M Left anterior communicating artery 1 Dark
aneurysm
3/29/M Left frontal oligodendroglioma 9 Bright
4/S2/F Right temporal lobe 18 Bright zone with dark
center
S/4S/F Right pericallosal artery aneurysm 1 Dark
6/62/F Left temporoparietal lobe | Dark
7/75/'M Frontal lobes bilaterally 1 Dark
8/53/M Left cerebellar hemorrhage 1 Dark
9/70/F Right frontotemporal area 1 Mostly dark, small bright area
10/75/F Right temporal lobe 1 Dark
10 Bright
11/56/M Right temporoparietal 2 Dark
9 Bright
12/50/F Right frontotemporal 2 Dark
contusion S Partially bright
13/52/F Left temporal lobe 2 Dark
6 Partially bright
13 Bright
28 Bright

FIG. 1. Patient 10. Noncontrast CT (a) and two inversion recovery (IR sp0400) images (b and c¢) of a 75-year-old woman with an
intracerebral hemorrhage 1 day after the onset of symptoms. Repeat CT (d) and IR (e and f) at 10 days indicate a considerable
change in visualization of the hematoma in the resolving phase.
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FIG. 2. Patient 11. Noncontrast CT (a) and inversion recovery (IR, 500 400) (b) @and IR, 00600 (€) IMmages of a 45-year-old man with
spontaneous intracerebral hemorrhage 2 days after the onset of symptoms. Repeat IR, ;o400 IMage at 9 days (d) Spin-echo
(SE; 000 100) and SEsp 100 iMmages at 2 days (e and f) and at 9 days (g and h)

dependent pulse sequences SRy <y 500 OF TR} o0 s00-
are summarized in Table 3. In nine patients in whom
the examination was performed within 2 days from
the onsct of discase, the arca of hemorrhage ap-
peared dark. However, in examinations performed
S days to 4 weeks after the onset of discase. bright
arcas could be demonstrated.

Three illustrative cases are presented in Figs. 1-
3. The considerable change in the NMR appearance
of the hemorrhage is clearly illustrated in Fig. 1.
The intracerebral hemorrhage in this 75-vear-old

woman i1s shown by CT [ day after the onset of
symptoms (Fig. la). Two adjacent NMR sections
with the IR <y g0 sSequence (Figs. 1b and ¢) show
low intensity in the arca of the hemorrhage. The
paticnt was reexamined 9 days later with both CT
and NMR. The NMR images at the same levels as
the carlier examination revealed arcas of very high
intensity (Figs. 1d-t).

The NMR features of an intracerebral hemor-
rhage in a S6-year-old man are presented in Fig. 2.
which includes the Ts dependent spin-echo pulse
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sequence. The first examination was done 2 days
after the acute onset of symptoms. Computed to-
mography demonstrated the intracerebral hemor-
rhage (Fig. 2a). The IR sequence was carried out
with two time delays (TI) between the inversion and
the read pulses. Using TI = 400 ms (Fig. 2b), a
dark area with low intensity was found. On the
other hand, with TI = 600 ms (Fig. 2¢) the intensity
of the lesion was about equal to that of the sur-
rounding brain tissue. In the acute stage the SE; oo
100 (Fig. 2e) demonstrates a bright intensity around
the lesion. With this pulse sequence, tissues with a
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FIG. 3. Patient 13. Sequential NMR
and CT scans of a 52-year-old woman
with an intracerebral hemorrhage 2, 6,
13, and 28 days after the onset of
symptoms. The gradual formation of
the bright zone can be followed in the
inversion recovery (IR so0/400) (8=d)
and in the proton density (PD; o) (e~
h) images. Noncontrast CT scans were
obtained at 2 (I) and 13 days ().

long T, and high proton concentration, such as the
cerebrospinal fluid and tissue edema, show up as
bright areas.

In Fig. 2f the same section is presented with the
shortened cycle time (SEsyy00). Due to the rapid
repetition rate, partial saturation of the long T, com-
ponents ensues, and the cerebrospinal fluid appears
dark. The tissues with a short T, are also seen in
this sequence. The same patient was reexamined 1
week later. In the NMR images in this resolving
phase the formation of a bright, bandlike zone with
a short T, at the periphery of the lesion can be dem-
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onstrated with the IR <y 400 (Fig. 2d) and the Sk,
oo (Fig. 2h) sequences. In the SE; g 00 (Fig. 2g)
the surrounding pure edema probably merges with
the bright intensity zone of the lesion.

The gradual formation of the bright intensity zone
with the IR <y s S€quence is well demonstrated in
the paticnt who underwent sequential NMR scan-

ning 2. 6. 13, and 28 days after the acute onsct of

symptoms (Figs. 3a—d). In these images the phe-
nomenon can also be followed with the proton den-
sity images (Figs. 3¢-h). The CT examination was
performed in the acute stage (Fig. i) and was re-
peated 13 days after the onset of symptoms (Fig.
3j). when the resolving phase of the hematoma was
underway.

DISCUSSION

The most unexpected finding was the rather long
T, of the acute hemorrhage. The pulse sequence
IR <y 300 haas been established as a standard scheme
for differentiation between gray and white matter.
Using this pulse sequence. most pathological pro-
cesses are visualized as the dark areas due to their
prolonged T,. Chronic subdural hematomas. how-
ever, exhibit a short T, together with a long Ts:
these hematomas are casily detected also in the iso-
dense phase (3). Previous reports on NMR images
in intracerebral hemorrhage have also stressed the
short T, of the intracerebral hemorrhages (5-8).
However. examinations carried out during the carly
days after the onset of the symptoms have probably
not been included in these reports. This may ex-
plain the divergences from the findings in the
present study.

Relaxation phenomena are dependent on the
strength of the magnetic field. According to carlier
spectroscopic studies, values of approximately 0.6
s can be expected for fresh blood at an applied radio
frequency of approximately 7 MHz (9.10). Our find-
ings appear to be consistent with these spectro-
scopic observations. In one of our patients a longer
interpulse delay of 600 ms (IR <y o) (Fig. 2¢) was
used. This pulse sequence almost equalized the in-
tensities of the lesion and that of the adjacent brain
tissue. This finding also confirms the longer T, in
the acute phase of the hemorrhage.

A considerable shortening of T, was observed in
the four patients reexamined with NMR. The time
sequence of this phenomenon can only be approx-
imated on the basis of this study but the process
seems to take some days (Figs. 3b—d). At the end
of the 1Ist week the change was clearly detectable
but partial. The intensity of the change increased
up to the 2nd week and the ringlike zone was more
complete. The dynamic nature of this process may
give some hints about some pathophysiological as-
pects of this phenomenon.

Using the other pulse sequences. i.e.. PDs 0.
SE- o 100- and SE<yq 0. the changes and the typical

location are also observed. Surrounding edema., vi-
sualized as hypodense arcas on CT, has a long T,
and exhibits dark intensity in the IR} <y 300 SC-
quence. However. using an ¢cho delay of 100 ms
and a long TR (SE: oo j00). tissues with a high
proton concentration and a long T, show up
brightly. The differentiation with T, can also be
achieved by shortening the cycle time to S0 ms
(SE«u 100). Using this pulse sequence, edema. due
toits long T, is partly saturated and the intensities
of the surrounding and inner parts of the hemor-
rhage are cqualized (Fig. 2¢). The brightest inten-
sity in the outer part of the lesion is visualized later,
in the resolving phase (Fig. 2h).

The cause of the above described NMR findings
is unknown. The formation of a zone encircling the
lesion at its periphery might hint at a process on
the interface between the resolving hemorrhage and
the adjacent brain tissue. The complex coagulation
phenomena interplaying with biophysical aspects of
NMR imaging may be responsible tor the changing
appearances of the evolving hematoma. The diag-
nostic implications of these findings are obvious.
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