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Acute and Subacute
Intracerebral Hemorrhages:
Comparison of MR Imaging
at 1.5 and 3.0 T—Initial
Experience1

PURPOSE: To assess and describe the appearance of intracerebral hemorrhage
(ICH) at 3.0-T magnetic resonance (MR) imaging as compared with the appearance
of this lesion type at 1.5-T MR imaging.

MATERIALS AND METHODS: Sixteen patients with 21 parenchymal ICHs were
examined. ICHs were classified as hyperacute, acute, early subacute, late subacute,
or chronic. Patients underwent 1.5- and 3.0-T MR imaging with T2-weighted fast
spin-echo, fluid-attenuated inversion-recovery (FLAIR), and T1-weighted spin-echo
(1.5-T) and gradient-echo (3.0-T) sequences within 4 hours of each other. The
central (ie, core) and peripheral (ie, body) parts of the ICHs were analyzed quanti-
tatively by using contrast-to-noise ratio (CNR) calculations derived from signal
intensity (SI) measurements; these values were statistically evaluated by using the
Mann-Whitney U test. Two readers qualitatively determined SIs of the cores and
bodies of the ICHs, degrees of apparent susceptibility artifacts, and lesion ages. The
�2 test was used to determine statistically significant differences.

RESULTS: With the exception of the bodies of late subacute ICHs at 3.0-T T2-
weighted imaging, which had increased positive CNRs and SI scores (P � .05), all
parts of the ICHs at all stages showed increased negative CNRs and SI scores at 3.0-T
FLAIR and T2-weighted imaging, as compared with these values at 1.5 T (P � .05).
No significant CNR or SI score differences at any ICH stage were observed between
1.5-T spin-echo and 3.0-T gradient-echo T1-weighted imaging (P � .05). With the
exception of minor susceptibility artifacts seen in acute and early subacute ICHs at
3.0-T T1-weighted gradient-echo imaging, no susceptibility artifacts were noticed.
The ages of most lesions were identified correctly without significant differences
between the two field strengths (P � .05), with the exception of the ages of acute
ICHs, which were occasionally misinterpreted as early subacute lesions at 3.0 T.

CONCLUSION: At 3.0 T, all parts of acute and early subacute ICHs had significantly
increased hypointensity on FLAIR and T2-weighted MR images as compared with
the SIs of these lesions at 1.5 T. However, 1.5- and 3.0-T MR images were equivalent
in the determination of acute to late subacute ICHs.
© RSNA, 2004

The numerous factors that contribute to the magnetic resonance (MR) imaging appear-
ances of intracerebral hemorrhages (ICHs) and the complex signal intensity (SI) changes of
these lesions have been extensively investigated in vitro and in vivo (1–9). Gomori et al
(4,10–14) proposed explanations for the predominant MR SI patterns seen at a magnetic
field strength of 1.5 T. Despite substantial variability in the regional and temporal SI
patterns described in the literature (1,4,6,15–17), it is generally accepted that five stages of
ICH (Table 1) can be distinguished according to their characteristic appearances at T1- and
T2-weighted MR imaging (3,18–20).

It has been documented that at field strengths of 0.5–1.5 T, the most complex SI changes

874

R
a

d
io

lo
gy



occur during the acute and subacute
stages of ICH (4,6,21). At low and inter-
mediate field strengths ranging from 0.02
to 0.5 T, several investigators (1,6,15–17)
have described basically similar SI pat-
terns in hemorrhages. It has been re-
ported, however, that certain features of
ICHs, such as a central area of hypointen-
sity in acute lesions and a parenchymal
rim of hypointensity on late to chronic
lesions on T2-weighted MR images, can
be demonstrated only at field strengths
of 1.0 T or higher and have different ap-
pearances when they are imaged at field
strengths of 0.5–0.6 T (central area of
hypointensity) and 1.5 T (parenchymal
rim of hypointensity) (4,21,22).

To our knowledge, only two case re-
ports (23,24) have described MR imag-
ing of subacute ICH at field strengths
higher than 1.5 T. The investigators no-
ticed that structures containing iron
had an increased sensitivity to suscep-
tibility effects coincidentally as a sec-
ondary finding at stroke imaging at a
very high field strength of 8 T (23,24).

A new generation of whole-body MR im-
aging units with field strengths of 3.0 T is
increasingly becoming available for rou-
tine imaging and is currently undergoing
clinical evaluation. Therefore, the purpose
of our study was to assess and describe the
appearances of acute and subacute ICHs at
3.0-T high-field-strength MR imaging as
compared with the appearances of these
lesions at 1.5-T MR imaging.

MATERIALS AND METHODS

Patients

Our study was approved by the institu-
tional review board, and written in-
formed consent was obtained from the
patients or their legal guardians.

From July 2002 to October 2002, 16 con-
secutive patients (age range, 6–77 years;

mean age, 42 years) with typical findings of
parenchymal ICH that was diagnosed and
staged by using clinical findings and com-
puted tomography (CT) were examined.
Ten patients were male (age range, 6–77
years; mean age, 41 years), and six were
female (age range, 31–49 years; mean age,
43 years). No significant differences in
mean age between the two groups (P � .05,
Mann-Whitney U test) were observed. Be-
cause the appearance and development of
hemorrhages also depend on the size and
location of these lesions, only intraparen-
chymal lesions with a maximum diameter
of 1.5–5.0 cm, as determined at CT, were
evaluated; neither subarachnoid nor intra-
ventricular lesions were studied. In total,
21 ICHs aged 24 hours to 1 month were
included in this study. Three patients had
two ICHs each, and one patient had three
separate ICHs (Table 2).

The clinical age of ICH was based on
the period between MR imaging exami-
nation and the start of bleeding, which
was considered to be on the day of the
onset of symptoms or on the day of the
last relevant clinical event (eg, surgery).
ICHs were classified as hyperacute (age,
�24 hours), acute (age, between 24 hours
and up to 3 days), early subacute (age,
3–7 days), late subacute (age, between 8
days and 1 month), or chronic (age, �1
month) (3,18–20).

MR Imaging

Each patient underwent two MR imag-
ing examinations (Gyroscan Intera; Philips
Medical Systems, Best, the Netherlands)—
one at a field strength of 1.5 T and the
other at a field strength of 3.0 T—within 4
hours of each other. The initial field
strength (1.5 or 3.0 T) was randomly se-
lected. The imaging protocol consisted of
T2-weighted fast spin-echo, fluid-attenu-
ated inversion-recovery (FLAIR), and T1-
weighted spin-echo and gradient-echo

pulse sequences. Specific imaging parame-
ters were as follows:

T2-weighted MR imaging.—T2-weighted
fast spin-echo sequences were performed
at 1.5 and 3.0 T identically by using
4000/90 (repetition time msec/echo time
msec), a section thickness of 6 mm with
an intersection gap of 1 mm, an echo
train length of 15 echoes per echo train
with an interecho time of 11.2 msec, and
a matrix of 384 � 512 at a field of view of
250 mm. The water-fat shift was set to
1.25 pixels and kept constant at 1.5 and
3.0 T to ensure comparability of the sus-
ceptibility-induced effects (25); this set-
ting resulted in bandwidths of 174 Hz per
pixel at 1.5 T and 348 Hz per pixel at 3.0
T. The acquisition time (with two signals
acquired) was 4 minutes 24 seconds at
both field strengths.

FLAIR MR imaging.—FLAIR sequences
were performed at 1.5 and 3.0 T identically
by using 8000/120/2500 (repetition time
msec/echo time msec/inversion time
msec), a section thickness of 6 mm with an
intersection gap of 1 mm, an echo train

TABLE 1
Evolution of ICHs at 1.5-T MR Imaging

ICH Stage Lesion Age
Affected Brain
Compartment

Involved Magnetic
Susceptible Substance

SI*

T1-weighted MR T2-weighted MR

Hyperacute �24 h Intracellular Oxyhemoglobin Isointense Slightly hyperintense
Acute 1–3 d Intracellular Deoxyhemoglobin Slightly hypointense Hypointense
Subacute

Early �3 d Intracellular Methemoglobin Very hyperintense Hypointense
Late �7 d Extracellular Methemoglobin Very hyperintense Very hyperintense

Chronic �30 d
Center Extracellular Hemachromes Isointense Slightly hyperintense
Rim Extracellular Hemosiderin Slightly hypointense Very hypointense

* SI of ICH compared with SI of normal brain parenchyma.

TABLE 2
Summary of ICH Data

Characteristic

No. of
Patients

(n � 16)

No. of
Lesions

(n � 21)

ICH cause
Spontaneous* 6 8
Trauma 3 5
Tumor 4 4
Infection 3 4

ICH age
�1 d 0 0
1–3 d 6 8
�3–7 d 5 7
�7–31 d 5 6
�31 d 0 0

* Includes hypertension-related, anticoagulant-
related, and idiopathic lesions.
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length of 23 echoes per echo train with an
interecho time of 10 msec, and a matrix of
192 � 256 at a field of view of 250 mm.
The water-fat shift was set to 0.93 pixel and
kept constant at 1.5 and 3.0 T; this setting
resulted in bandwidths of 232 Hz per pixel
at 1.5 T and 464 Hz per pixel at 3.0 T. The
acquisition time (with two signals ac-
quired) was 3 minutes 12 seconds at both
field strengths.

T1-weighted MR imaging.—At 1.5 T, T1-
weighted spin-echo sequences were per-
formed with 580/15, a section thickness
of 6 mm with an intersection gap of 1
mm, and a matrix of 384 � 512 at a field
of view of 250 mm. The acquisition time
(with two signals acquired) was 4 min-
utes 32 seconds.

At 3.0 T, owing to substantially pro-
longed T1 relaxation times, gradient-
echo rather than spin-echo sequences
were used for T1-weighted MR imaging
to ensure adequate image contrast,
which decreases with increasing field
strength (26). To avoid potential suscep-
tibility artifacts, the echo time was set to
2.3 msec, the lowest value possible. The
other imaging parameters used were a
222-msec repetition time, an 80° flip an-
gle, a 6-mm section thickness with a
1-mm intersection gap, a 384 � 512 ma-
trix, and a 250-mm field of view. The
acquisition time (with four signals ac-
quired) was 2 minutes 57 seconds.

Image Analysis

Qualitative and quantitative analyses of
SI score and contrast-to-noise ratio.—To de-
termine the age of an ICH correctly, sep-
arate analyses of the core and the body of
the lesion are required (21). The body of
an ICH was defined as the bulk of the
lesion volume central to the lesion mar-
gin, whereas the core of a lesion was de-
fined as any central portion that con-
trasted with the lesion body on MR
images (21).

Images of each ICH were presented in
random order, with the imaging param-
eters masked, and evaluated in consensus
by two board-certified radiologists (T.A.,
B.T.). Both radiologists had more than 10
years of experience in interpreting brain
MR images and were blinded to the clin-
ical and imaging data. For each pulse se-
quence performed at each field strength,
the SIs of the core and body of the lesion
were compared with the SI of the adja-
cent normal white matter, and a numer-
ical value of �2, �1, 0, �1, or �2 was
assigned to indicate marked hypointen-
sity, mild hypointensity, isointensity,

mild hyperintensity, or marked hyperin-
tensity, respectively.

One observer (T.A.) quantitatively an-
alyzed each ICH by using SI measure-
ments in the core and body of the lesion
that were obtained by using regions of
interest drawn as large as possible. Re-
gions of interest were placed at identical
locations in each lesion at 1.5 and 3.0 T
MR imaging. SI measurements were also
performed in the adjacent normal white
matter, which was used as the reference
tissue. Background noise was measured
in the phase-encoding direction with re-
gions of interest drawn as large as possi-
ble. Each SI measurement was obtained
three times by repeating measurements
in adjacent sections. Contrast-to-noise
ratios (CNRs) were calculated with signs
to indicate a hyperintense (positive CNR)
or hypointense (negative CNR) appear-
ance, the determination of which is im-
portant for the correct staging of an ICH.
However, for lesion detection, only the
absolute values—not their signs—are im-
portant. The signed CNR of each lesion
was calculated by using the following for-
mula:

�mean SIles � mean SIref	

SDnoise
.

The absolute CNR of each lesion was
calculated by using the following for-
mula:

�mean SIles � mean SIref�
SDnoise

.

In both equations, SIles is the SI of the
lesion; SIref, the SI of the reference tissue;
and SDnoise, the standard deviation of the
background noise.

Qualitative analysis of susceptibility-in-
duced artifacts.—The two readers (T.A.,
B.T.) also judged the degree of apparent
susceptibility artifacts in a lesion by as-
signing in consensus a numerical value of
0, meaning no artifacts; 1, meaning mild
artifacts; or 2, meaning severe artifacts.
Irregularly shaped hypointense streaks
combined with SI inhomogeneity indi-
cated the presence of mild susceptibility
artifacts, whereas noticeable geometric
distortion and even greater SI inhomoge-
neity within the core or body of a lesion
indicated the presence of severe suscepti-
bility artifacts.

Qualitative analysis of lesion age.—FLAIR,
T2-weighted, and T1-weighted MR images
of each lesion were presented simulta-
neously in random order of field strength
with the imaging parameters masked. The
readers (T.A., B.T.) had to determine in
consensus the age of a lesion according to

its SI on T2- and T1-weighted images at
field strengths of 1.5 and 3.0 separately.
The stages of the ICHs were determined
(Table 1), and numerical values for the dif-
ferent stages were assigned: 1 for hyper-
acute, 2 for acute, 3 for early subacute, 4 for
late subacute, and 5 for chronic stage.

Qualitative image analysis, analysis of
susceptibility-induced artifacts, and qual-
itative analysis of lesion age were per-
formed at the same time. To avoid poten-
tial memory bias, quantitative image
analysis was performed 3 months later.

Statistical Analyses

During the design of the study, a
power analysis was performed by using
preliminary SI measurements obtained in
three test patients with acute ICH who
were not included in the final study pop-
ulation. For the central parts of the ICHs,
the mean SI differences between field
strengths of 1.5 and 3.0 T at FLAIR and
T2-weighted MR imaging were more
than twofold greater than their standard
deviations. Therefore, a minimum of five
lesions were considered appropriate for
an intended power of 0.8 or greater (P �
.05) at subsequent power analysis.

Statistical analyses of SI scores, suscep-
tibility artifacts, and lesion age were per-
formed by using the �2 test to determine
statistically significant differences be-
tween 1.5- and 3.0-T MR imaging. Lesion
CNRs were analyzed by using the Wil-
coxon signed-rank test (27). A P value of
less than or equal to .05 was considered
to indicate statistical significance. The
software used to perform the statistical
analyses was SPSS, version 11.0 (SPSS,
Chicago, Ill). Power analysis was per-
formed by using in-house software
(medweb.uni-muenster.de/institute/imib/
lehre/skripte/biomathe/bio/fallz.html, Insti-
tut für Medizinische Informatik und Bio-
mathematik, University of Muenster,
Muenster, Germany).

RESULTS

Qualitative and Quantitative
Analyses of SI Scores and CNRs

CNRs of the bodies and cores of ICHs
at each stage and at both field strengths,
as qualitatively calculated by the two
readers, are listed in Table 3, and the cor-
responding SI scores are illustrated in Fig-
ure 1. Separate analyses for the bodies
and cores of lesions were performed with
all sequences. Figures 2 and 3 are image
examples.

At 3.0-T T2-weighted MR imaging,
signed CNRs and SI scores for all parts of
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the ICHs at all stages—except the bodies
of lesions imaged during the late sub-
acute stage, which had increased signed
CNRs and SI scores at 3.0 T—were lower
than the corresponding values at 1.5-T
T2-weighted MR imaging (Table 3; Fig 1a;
Fig 2, A, B; Fig 3, A, B). Maximum abso-
lute CNRs for all parts of the ICHs at all
stages—except the bodies of lesions im-
aged during the late subacute stage,
which showed a maximum absolute CNR
at 1.5 T—were measured at 3.0-T MR im-
aging.

Significant differences in signed CNR,
absolute CNR, and SI score between 1.5-
and 3.0-T MR imaging were observed in
all parts of the ICHs during the early sub-
acute stage and in the lesion cores during
the acute stage (P � .05). Maximum dif-
ferences in signed and absolute CNRs be-
tween 1.5- and 3.0-T MR imaging were
observed in ICH cores during the acute
stage. The bodies of acute and early sub-
acute ICHs were hypointense on 3.0-T
T2-weighted MR images, differing signif-
icantly from the ICH bodies seen on
1.5-T T2-weighted MR images, which
were isointense to hyperintense during
this stage (P � .05) (Fig 1a).

With use of the FLAIR sequences at the
higher field strength of 3.0 T, all parts of

the depicted ICHs at all stages had lower
signed CNRs and SI scores compared with

their CNRs and SI scores at 1.5 T (Table 3;
Fig 1b; Fig 2, C, D; Fig 3, C, D). Maximum

Figure 1. Mean SI scores (and standard deviations [vertical lines]) for ICH cores at 1.5 T (black bars), ICH cores at 3.0 T (dark gray bars), ICH bodies
at 1.5 T (white bars), and ICH bodies at 3.0 T (light gray bars) determined at (a) T2-weighted, (b) FLAIR, and (c) T1-weighted MR imaging.

TABLE 3
Signed CNRs of the Cores and Bodies of ICHs at Different Stages
and Field Strengths

ICH Region and
MR Field Strength Acute Stage Early Subacute Stage Late Subacute Stage

T2-weighted MR

Core
1.5 T �8.5 
 5.9 �9.9 
 5.3 10.9 
 3.6
3.0 T �30.6 
 5.1 �25.2 
 5.3 7.6 
 3.2

Body
1.5 T 1.3 
 5.7 3.6 
 2.5 11.9 
 5.2
3.0 T �9.1 
 7.2 �7.5 
 4.3 17.2 
 7.6

FLAIR MR

Core
1.5 T �4.7 
 2.1 �5.3 
 3.2 12.8 
 3.8
3.0 T �11.0 
 3.6 �10.7 
 2.8 4.5 
 7.0

Body
1.5 T 2.3 
 1.9 5.2 
 3.3 14.9 
 3.2
3.0 T �7.3 
 4.1 �5.5 
 3.3 8.4 
 7.4

T1-weighted MR

Core
1.5 T �5.0 
 5.7 0.4 
 2.0 10.7 
 7.2
3.0 T �6.7 
 7.9 0.1 
 2.3 13.5 
 8.2

Body
1.5 T �3.7 
 5.7 7.1 
 5.3 15.7 
 3.9
3.0 T �5.1 
 8.4 12.6 
 6.2 20.0 
 10.7

Note.—Data are mean CNRs 
 standard deviations.
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absolute CNRs were measured for the
bodies and cores of acute ICHs and for
the cores of early subacute lesions at 3.0
T, whereas the bodies of early subacute
lesions and all parts of late subacute le-
sions showed maximum absolute CNRs
at 1.5 T. Significant (P � .05) differences
in signed CNR, absolute CNR, and SI
score between the two field strengths

were observed for all parts of acute and
early subacute ICHs. Differences in max-
imum signed CNR and absolute CNR be-
tween 1.5- and 3.0-T MR imaging were
observed in the bodies of early subacute
lesions. The bodies of acute and early
subacute ICHs were hypointense on
3.0-T FLAIR MR images, differing signifi-
cantly from the ICH bodies depicted on

1.5-T FLAIR MR images, which were hyper-
intense during this stage (P � .05) (Fig 1b).

At T1-weighted MR imaging, no signif-
icant differences in signed CNR, absolute
CNR, or SI score (P � .05) at any investi-
gated stage of ICH—whether the core or
the body of the lesion—were observed
between spin-echo images acquired at
1.5 T and gradient-echo images acquired

Figure 2. Acute ICH (arrow) in 77-year-old man who received anti-
coagulative medication and underwent MR imaging on the 2nd day
after the onset of clinical symptoms (dizziness and nausea). Trans-
verse T2-weighted (4000/90) (A and B), FLAIR (8000/120/2500) (C
and D), and T1-weighted (580/15 at 1.5 T, 222/2.3 at 3.0 T) (E and F)
MR images obtained at 1.5 T (A, C, and E) and 3.0 T (B, D, and F). A–D,
On T2-weighted and FLAIR images, the ICH (arrow) is isointense to
hyperintense at 1.5 T (A and C) but markedly hypointense at 3.0 T (B
and D).

Figure 3. Early subacute ICH (arrow) in 56-year-old woman with
arterial hypertension who underwent MR imaging on the 6th day
after the onset of clinical symptoms (right-sided hemiplegia). Trans-
verse T2-weighted (4000/90) (A and B), FLAIR (8000/120/2500) (C
and D), and T1-weighted (580/15 at 1.5 T, 222/2.3 at 3.0 T) (E and F)
MR images obtained at 1.5 T (A, C, and E) and 3.0 T (B, D, and F). A–D,
On T2-weighted and FLAIR images, the ICH (arrow) is hyperintense at
1.5 T (A and C) but hypointense at 3.0 T (B and D).
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at 3.0 T (Table 3; Fig 1c; Fig 2, E, F; Fig 3,
E, F).

Qualitative Analysis of
Susceptibility-induced Artifacts

Neither FLAIR and T2-weighted fast
spin-echo MR sequences performed at 1.5
and 3.0 T nor T1-weighted spin-echo se-
quences performed at 1.5 T yielded notice-
able susceptibility artifacts. T1-weighted
gradient-echo MR images obtained at 3.0 T
showed minor susceptibility artifacts in
acute and early subacute ICHs (mean
score 
 standard deviation: 0.8 
 0.4 dur-
ing acute stage, 0.3 
 0.5 during early sub-
acute stage) (Fig 4).

Qualitative Analysis of ICH Age

The ages of most of the ICHs were cor-
rectly determined at 1.5- and 3.0-T MR
imaging (Table 4), without significant
differences (P � .05) between the two
field strengths. However, one acute le-
sion was classified as early subacute at 1.5
T. In addition, three acute and two late
subacute lesions were misinterpreted as
early subacute at 3.0 T.

DISCUSSION

Acute and subacute ICHs undergo rapid
and complex SI changes, which are influ-
enced by intrinsic, biologic, and extrinsic
factors (18). The contributing intrinsic
and biologic factors include the time
from the onset of ICH; the source, size,
and location of the lesion; the effects of
paramagnetic forms of hemoglobin; the
clot matrix formation; the red blood cell
concentration; the PO2; the arterial versus
venous origin of the lesion; the tissue pH;
the intracellular protein concentration;
the presence or absence of a blood-brain
barrier; and the patient’s overall health.
Extrinsic factors that affect the appear-
ance of ICH include the pulse sequence
type, the sequence parameters, the re-
ceiver bandwidth, and the applied mag-
netic field strength (18).

When MR imaging systems with oper-
ating field strengths of 1.0–1.5 T—previ-
ously referred to as high-field-strength
units—were introduced, the intrinsic and
extrinsic factors that contribute to SI
changes of ICH were extensively investi-
gated in vitro and in vivo (1,2,4–9). It
was shown that especially the central
area of hypointensity in ICHs, which has
been described as the most critical factor
in the detection of these lesions (22), was
depicted only at field strengths higher
than 1.0 T. As proved in vitro, this ap-

pearance increases quadratically with
magnetic field strength (4,19).

Whole-body MR imaging units with
field strengths of 3.0 T have recently be-
come available for routine imaging and
are currently undergoing clinical evalua-
tion. Because the appearance of ICH is
influenced by several mechanisms that
mainly depend on the magnetic field
strength, the investigation of ICH at 3.0 T
may help to improve knowledge about
the MR imaging appearance of this lesion
and to clarify the potential further mech-
anisms that lead to altered SI.

At 1.5 T, our CNR calculations and
reader observations of SI were associated
with the same patterns on T2- and T1-
weighted MR images of acute, early, and
late subacute ICHs, as initially described
by Gomori et al (4), and are in excellent
accordance with the findings in previous
studies (3,18).

At 3.0 T, the cores and bodies of acute
and early subacute ICHs were markedly
hypointense on FLAIR and T2-weighted
MR images. The hypointensity of early
subacute ICH bodies decreased but re-

mained at 3.0 T, differing significantly
from the bodies of lesions imaged at 1.5
T, which were hyperintense during this
stage on FLAIR and T2-weighted MR im-
ages.

In contrast to the findings described in
previous reports comparing 0.6- and 1.5-T
field strengths (22), the hypointense areas
seen on FLAIR and T2-weighted MR images
of acute and early subacute ICH cores in
the current study persisted similarly at the
two field strengths, and the mean negative
CNR and mean SI score observed at 1.5 T
were improved at 3.0 T. However, the
mean positive CNR and mean SI score for
late subacute ICHs were lower compared
with these values at 1.5 T.

The hypointense areas seen on T2-
weighted MR images during the acute and
early subacute stages are caused by phase
coherency loss of water molecules diffus-
ing in and out of intact red blood cells that
contain magnetic susceptible substances
such as deoxyhemoglobin or methemoglo-
bin (3,14,20). Because susceptibility effects
depend on field strength, at 3.0 T, appar-
ently minimal amounts of intracellular de-

Figure 4. Transverse T1-weighted gradient-echo MR images (222/
2.3) obtained at 3.0 T show apparent susceptibility artifacts (irregu-
larly shaped hypointense streaks combined with SI inhomogeneity)
in A, acute, and, B, early subacute ICHs (arrow).

TABLE 4
Qualitative Analysis of Lesion Stages at MR Imaging

ICH Stage No. of Lesions
Correct Stage at

1.5 T MR
Correct Stage at

3.0 T MR

Acute 8 7 5
Early subacute 7 8 12
Late subacute 6 6 4

Note.—Data are numbers of ICH lesions.
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oxyhemoglobin or methemoglobin are re-
quired to evoke these effects and cause
hypointensity or even reduce SI.

Increased positive CNRs and SI scores
for the bodies of early and late subacute
ICHs at 1.5 T are caused by beginning red
cell lysis, which starts peripherally owing
to intrinsic tissue factors (28) and higher
oxygen levels, which are required for the
oxidization of deoxyhemoglobin to met-
hemoglobin (3). As lysis occurs, the T2
shortening that has resulted from the
compartmentalization of methemoglo-
bin is lost. In addition, the high water
content of the lysed red blood cells leads
to an increase in proton density and in SI
at the hemorrhage periphery on T2-
weighted MR images.

At 3.0 T, obviously greater amounts of
extracellular methemoglobin and higher
water contents are required to prevent sus-
ceptibility-induced effects and to alter the
CNR and the SI score for the periphery of
an early subacute ICH so as to result in
hyperintensity on FLAIR and T2-weighted
MR images. In the current study, however,
the mean CNR and the mean SI score for
the bodies of late subacute lesions indi-
cated disparate changes. At 3.0-T MR imag-
ing, the mean CNR and the mean SI score
were higher on T2-weighted images but
lower on FLAIR images as compared with
these values at 1.5-T MR imaging. Such
findings are probably caused by the in-
creased content of free water that is under-
going fluid attenuation (18,29).

The different appearances of acute and
early subacute parenchymal ICHs at 1.5-
and 3.0-T MR imaging were also reflected
in the results of the qualitative analysis of
lesion age. The acute ICHs that were cor-
rectly graded at 1.5 T were more often
judged to be “acute or early subacute” at
3.0 T because of their markedly hypoin-
tense appearance at higher field strengths.
However, these differences were not signif-
icant (P � .05) in our patient population.
Because determination of the age of early
subacute ICHs requires both T1- and T2-
weighted MR imaging, no significant dif-
ference (P � .05) between the two field
strengths was observed in the staging of
these lesions. The hyperintense body of
early subacute lesions on T1-weighted MR
images in combination with an isointense
to hypointense core always pointed toward
the correct diagnosis of early subacute ICH
at either field strength. Despite this, it was
sometimes striking to the observers when
an early subacute lesion with a hyperin-
tense periphery on T1-weighted MR im-
ages was markedly hypointense in all areas
on T2-weighted MR images.

Despite the different techniques used to

perform T1-weighted MR imaging (ie,
1.5-T spin echo and 3.0-T gradient echo),
no significant differences were observed
between 1.5- and 3.0-T T1-weighted imag-
ing. The mean CNR and mean SI score at
3.0 T did not change significantly in com-
parison to those observed at 1.5 T. There-
fore, field strength did not affect the rate or
degree of development of hyperintensity
on T1-weighted MR images. These results
correspond to findings observed in previ-
ous studies (21,22). Because the paramag-
netic T1 shortening caused by methemo-
globin is supposed to inversely vary with
field strength, the formation of methemo-
globin is expected to be better demon-
strated at 1.5 T (21). Despite this, an in-
creased signal-to-noise ratio at 3.0 T may
explain the lack of differences in the depic-
tion of methemoglobin between 1.5- and
3.0-T MR imaging.

Our study had several limitations. The
pathologic verification of ICH was in-
complete. Tumor-induced ICH was con-
firmed pathologically in only two of four
patients. However, a strong history of
neurologic deterioration after either
trauma or anticoagulant therapy and the
presence of characteristic CT findings en-
abled confident diagnoses of ICH.

No hyperacute ICHs (aged a few min-
utes up to a few hours) were evaluated
because, to ensure that conditions were
sufficient to compare ICHs at either field
strength, the time interval between the
1.5- and 3.0-T examinations could not be
shortened. Because the most complex SI
changes occur during the acute and sub-
acute stages of ICH at field strengths of
0.5–1.5 T (4,6,21), no chronic parenchy-
mal ICHs were included in our study.
However, considering our results and
those of previous studies, it would have
been revealing to also investigate the spe-
cific appearance of hemosiderin deposits
in this lesion type. Seidenwurm et al (21)
noticed significant differences in the ap-
pearances of chronic ICHs at 0.5- and
1.5-T MR imaging. Therefore, the depic-
tion of even further increased and prob-
ably prolonged hypointensity of chronic
ICHs at 3.0 T would be expected.

Furthermore, no serial investigations
were performed at different field strengths
in this study because most of the patients
with acute or subacute ICH were seri-
ously ill and often required intensive
care. Therefore, the acute, early subacute,
and late subacute ICH groups consisted
of more or less heterogeneous popula-
tions of lesions that differed in size, loca-
tion, origin (arterial vs venous), and
cause. These differences reduce the com-
parability of observed SIs between differ-

ent ICH stages and impair the exact as-
sessment of lesion progression during the
course of time. The question of whether
there would have been significant differ-
ences in the determination of the ages of
acute and early subacute lesions between
the two field strengths in a larger patient
population also remains.

It has been reported that gradient-echo
and spin-echo MR imaging sequences
have higher sensitivity to susceptibility-
induced effects, which are required to de-
tect and correctly stage ICH, than do fast
spin-echo sequences (21,30,31), and it re-
mains unclear whether the use of these
sequences would have revealed even
greater differences between the two field
strengths. Despite this, fast spin echo is
currently the sequence of choice for rou-
tine clinical imaging. Furthermore, our
study was not focused on the sensitivity
of the detection of small degrees of pa-
renchymal ICH, but rather it was focused
solely on the CNR and SI characteristics
of ICHs seen at 1.5- and 3.0-T MR imag-
ing in the clinical setting. Therefore, only
fast spin-echo—and no gradient-echo or
spin-echo sequences—were used for T2-
weighted imaging.

Finally, the quantitative and qualita-
tive analyses were performed by the same
observer (T.A.) and thus were possibly
impaired by memory bias in terms of re-
membered ratings, which could not be
excluded with absolute certainty. How-
ever, the qualitative analysis was per-
formed 3 months after the quantitative
analysis (by T.A. and B.T.). We believed
that this time interval was long enough
to reduce the potential memory bias to a
negligible level.

In summary, despite the fact that all
parts of the depicted acute and early sub-
acute ICHs had significantly increased
hypointensity on 3.0-T FLAIR and T2-
weighted MR images, the images ob-
tained at 1.5 and 3.0 T were equivalent in
the determination of the ages of acute to
late subacute ICHs. According to our
findings, knowledge of the image charac-
teristics of ICHs at 1.5 and 3.0 T is re-
quired to compare and correctly appreci-
ate the progression of these lesions.
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