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Abstract
Objective—To demonstrate postinfarction myocardial oedema in humans with particular refer-
ence to the longitudinal course, using magnetic resonance imaging (MRI).
Design—Prospective observational study. Subjects were studied one week, one month, three
months, six months, and one year after presenting with a myocardial infarct.
Setting—Cardiology and magnetic resonance departments in a Danish university hospital.
Patients—10 patients (three women, seven men), mean (SEM) age 58.2 (3.20) years, with a first
transmural myocardial infarct.
Main outcome measures—Location and duration of postinfarction myocardial oedema.
Results—All patients had signs of postinfarction myocardial oedema. The magnetic resonance
images were evaluated by two blinded procedures, employing two MRI and two ECG observers:
(1) MRI determined oedema location was compared with the ECG determined site of infarction
and almost complete agreement was found; (2) the time course of postinfarction myocardial
oedema was explored semiquantitatively, using an image ranking procedure. Myocardial oedema
was greatest at the initial examination one week after the infarction, with a gradual decline during
the following months (Spearman’s rank correlation analysis: ñobserver 1 = 0.94 (p < 0.0001) and
ñobserver 2 = 0.97 (p < 0.0001)). The median duration of oedema was six months.
Conclusions—Postinfarction myocardial oedema seems surprisingly long lasting. This observa-
tion is of potential clinical interest because the oedema may have prognostic significance.
(Heart 2001;85:639–642)

Keywords: myocardial infarction; myocardial oedema; magnetic resonance imaging

Myocardial oedema induced by ischaemia and
enhanced by subsequent reperfusion has been
known for years. The pathogenesis is complex
and not completely understood, but fundamen-
tally implicates accumulation of osmotically
active substances within the ischaemic region
which causes an influx of water.1–3 As this accu-
mulation takes place in the intracellular as well
as the extracellular spaces, so also does the
ensuing water influx. The final result is com-
bined cellular and interstitial oedema. In addi-
tion to osmotic forces, a thermodynamic dys-
equilibrium contributes to the intracellular flux
of water.4 5 Water enters the ischaemic region
mainly through collateral vessels and to a lesser
extent from the surrounding tissue, and through
retrograde flow in venous and lymphatic ves-
sels.5 If reperfusion subsequently takes place, the
flow of normo-osmotic blood into this hyperos-
motic region further enhances the oedema.

In vivo visualisation of myocardial oedema
has been diYcult until the recent development
of magnetic resonance imaging (MRI) pulse
sequences, which combine a particular sensi-
tivity to oedema with the ability to eliminate
flow and motion artefacts.6 Our aim in the
present study was to demonstrate postinfarc-
tion myocardial oedema in humans using this
technique, with particular reference to the lon-
gitudinal course of the oedema.

Methods
PATIENTS

The study was approved by the regional ethics
committee, and all the participating subjects

supplied written informed consent. Ten pa-
tients with their first transmural myocardial
infarct were studied (table 1). Creatine kinase
MB (CK-MB) was measured on admission
and after 4, 8, 12, 24, and 48 hours. ECGs were
obtained on admission, at one hour after
thrombolytic treatment, and then once daily.
None of the patients suVered from additional
ischaemic events during the investigation.

MAGNETIC RESONANCE IMAGING

Each patient was examined up to five times.
The first examination was performed between
seven and nine days after the myocardial infarct
(n = 10), followed by examinations after one
month (n = 9), three months (n = 8), six
months (n = 9), and one year (n = 9). MRI
was conducted using a 1.0 Tesla whole body
scanner (Impact Expert Magnetom, Siemens
AG, Erlangen, Germany) equipped with a
standard phased array chest coil. In order to
visualise myocardial oedema, the entire left
ventricle was sliced in the true short axis from
apex to basis, using a T2 weighted short-
inversion-time, inversion-recovery (STIR)
breath hold pulse sequence6 (parameter set-
tings: repetition time (TR) = 2 × RR interval;
echo time (TE) = 64 ms; field of view (FOV) =
263 × 350 mm2; matrix = 138 × 256; slice
thickness = 10 mm). Typically, the left ventri-
cle was covered by 9–11 slices. Each STIR
image (slice) was obtained at end diastole by
ECG triggered segmented data acquisition
over 14 heart cycles. Imaging was performed
without the use of contrast agents.
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Results
In STIR images, oedematous myocardium is
depicted as high signal intensity areas (fig 1).
For subsequent evaluation, all images were
transferred to glossy paper using a high quality
printing technique. All examinations in each
patient were printed with identical contrast and
brightness by adjusting the centre and window
settings until the visual appearance of the liver
was the same.

The STIR images were evaluated by two
blinded procedures employing two MRI ob-
servers and two ECG observers.

MRI determined oedema location was com-
pared with the ECG determined site of infarc-
tion. Oedema location and the site of infarction
were defined as being anterior, septal, inferior,
or lateral, including combinations. Almost
complete agreement was found between the

MRI and ECG observers’ indication of the
expected location of oedema in the infarct
region (table 1).

In order to explore the time course of
postinfarction myocardial oedema in a semi-
quantitative manner, the MRI observers per-
formed ranking of all examinations in each
patient. Ranking was done according to
decreasing extent and brightness of the myo-
cardial high signal intensity areas. Analysis of
these data revealed that the oedematous areas
were of greatest extent at the initial examina-
tion after approximately one week, with a
gradual decline during the ensuing months.
The decline over time was significant (Spear-
man’s rank correlation analysis: ñobserver 1 = 0.94
(p < 0.0001) and ñobserver 2 = 0.97 (p < 0.0001)).
The interobserver agreement was good
(weighted ê analysis: êw = 0.91 (95% confi-
dence interval (CI) 0.84 to 0.99)).

The minimum duration of oedema in a par-
ticular area varied among patients from one
week to 12 months, with a median of six
months (table 1). In case of interobserver disa-
greement, the estimation of shortest oedema
duration was chosen. There was complete
agreement between the two observers in seven
patients. In two patients, the observers disa-
greed over one examination, and in one patient
they disagreed over two examinations. The
interobserver agreement was good (weighted ê
analysis: êw = 0.73 (95% CI 0.44 to 1.00)).

We found no relation between the duration
of oedema and delay in thrombolysis, reper-
fusion status, or CK-MBmax.

Discussion
Our study shows the presence of prolonged
postinfarction myocardial oedema in humans.
All 10 patients displayed signs of myocardial
oedema, with its localisation corresponding to
the ECG determined site of infarction.

DURATION OF POSTINFARCTION MYOCARDIAL

OEDEMA

The oedema was of greatest extent at the initial
examination, approximately one week after the
myocardial infarct, and it declined gradually
afterwards, probably over a period of several
months. Interobserver agreement was very
good. No data were obtained during the first
week, but previous studies suggest that the
oedema might accumulate within hours of the
ischaemic insult if reperfusion takes place,3 5 8

Table 1 Patient characteristics and results

Patient Sex Age (years)
CK-MBmax
(µg/l)

Delay in
thrombolysis (hours) Reperfusion

Infarct location by
ECG

Oedema location
by MRI

Duration of
oedema (months)

1 M 51 271 – Yes Ant-sep Ant-sep 6
2 M 75 331 4.0 Yes Ant-sep-lat Ant-sep 1
3 M 53 213 3.0 Yes Inf Inf 1 week
4 M 74 383 3.0 Yes Lat Lat 3
5 M 51 423 2.0 Yes Ant-sep Ant-sep 12
6 F 65 136 5.0 No Inf Inf 1
7 M 55 152 6.0 Yes Ant-sep-lat Lat 12
8 M 60 225 5.0 No Ant-sep Ant-sep 6
9 F 45 136 1.5 Yes Ant-sep Ant-sep 6

10 F 53 607 4.0 Yes Ant-sep Ant-sep 12

Ant, anterior; CK-MBmax, maximum value of creatine kinase MB isoenzyme; Duration of oedema, the latest MRI examination showing high signal intensity areas
within the myocardium; Inf, inferior; Infarct location, defined by ECGs obtained on admission; Lat, lateral; MRI, magnetic resonance imaging; Oedema location,
defined by the initial MRI examination; Reperfusion, defined by ECG7; Sep, septal; Delay in thrombolysis, time from appearance of symptoms to start of thrombo-
lytic treatment.

Figure 1 The course of postinfarction myocardial oedema (table 1, patient 9).
Corresponding slices of the right and left ventricles positioned in the true short axis at
mid-ventricular level from four succeeding examinations. (A) Seventh day post-myocardial
infarction; (B) one month; (C) three months; (D) six months. The high signal intensity
(bright) areas within the myocardium represent oedema. Notice the large extent of oedema
on the seventh day aVecting particularly the septum and anterior wall of the left ventricle,
and the gradual decline of the oedema over the following months.
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and otherwise within days.8 With regard to the
duration of postinfarction myocardial oedema,
Wisenberg and colleagues studied dogs sub-
jected to either permanent ischaemia or
ischaemia followed by reperfusion.8 At their
final examination after three weeks, myocardial
water content, as measured by histopathologi-
cal methods, was still significantly increased in
the infarct zone in both groups. In the present
study, persistence of the myocardial high signal
intensity areas varied from one week to 12
months, with a median of six months.

At the initial examinations, the high signal
intensity areas almost certainly represent
oedema.6 8–10 In the later examinations, other
conditions such as deposition of haemoglobin
derivatives or increased ratio of unbound to
bound water in the absence of oedema might
be hypothetical explanations. However, it is
unlikely for two reasons that the high signal
intensity areas signify deposition of haemo-
globin derivatives. First, the appearance of the
areas was homogeneous, in contrast to the well
described heterogeneous or “patchy” appear-
ance of experimentally induced myocardial
haemorrhages,11 as well as haemorrhages in
other organs such as the brain.12 Second, the
only known haemoglobin derivative to cause
signal enhancement with the technique applied
is methaemoglobin, and it is unlikely that this
substance was present in the insult region after
several months.12 Prolonged presence of
oedema may be explained by compromised
drainage of the infarct region owing to vessel
damage and reparative processes generating
scar tissue.5 As these reparative processes last
for months,13 it is likely that the high signal
intensity areas in the MRI examinations
performed several months after the ischaemic
insult represent persisting oedema, although a
condition characterised by an increased frac-
tion of unbound water without oedema cannot
definitely be ruled out.

POSTINFARCTION MYOCARDIAL OEDEMA AND

OTHER MRI TECHNIQUES

Visualisation of myocardial infarct by gadolin-
ium enhanced MRI14–22 as well as by sodium
MRI23–26 is subject to ongoing debate. In a
recent study20 using a refined MRI technique,
the transmural extent of irreversibly injured
myocardium was accurately delineated by
delayed gadolinium enhancement. In addition,
regions of delayed gadolinium enhancement in
MRI studies performed eight weeks after the
ischaemic insult represented chronic infarc-
tion. The mechanisms responsible for the
gadolinium enhancement in myocardial infarc-
tion are incompletely understood, but may
involve an increased volume of distribution of
the contrast agent in the insult region.
Gadolinium chelates are distributed primarily
in the extracellular compartment, so such an
increase could be explained by interstitial
oedema and particularly by cellular oedema
with subsequent disintegration of the plasma
membrane.18 19 Thus gadolinium enhancement
following myocardial infarction may in part
reflect myocardial oedema.

Recent studies have also shown that myocar-
dial high signal intensity regions in sodium
MRI represent areas of irreversible ischaemic
injury.25 26 The basis for infarct visualisation by
sodium MRI is an increase in sodium concen-
tration in necrotic regions, which also appears
to be related to myocardial oedema. Initially,
cell membrane dysfunction caused by ischae-
mia seems to result in intracellular sodium
accumulation with subsequent cellular
oedema.4 Rupture of myocytes in combination
with minor interstitial oedema may follow,
causing an overall increase in sodium concen-
tration in the infarct region, because extracellu-
lar fluid is rich in sodium.25 26

Thus visualisation of myocardial infarction
by sodium or gadolinium enhanced MRI and
visualisation of postinfarction myocardial
oedema by MRI using the STIR technique may
be diVerent ways of looking at the same
phenomenon. In consequence, the experimen-
tal results of Kim and colleagues showing
delayed myocardial contrast enhancement
eight weeks after experimentally induced myo-
cardial infarction may support our observa-
tions of sustained postinfarction oedema.20

CLINICAL SIGNIFICANCE

Our study failed to show any relation between
the duration of oedema and thrombolytic
delay, reperfusion status, or infarct size as esti-
mated by CK-MBmax. This may in part reflect
the small number of observations, and also the
somewhat imprecise measure of reperfusion
status applied in the study.

The clinical significance of postinfarction
myocardial oedema has not been established so
far. However, experimental results indicate that
the oedema might adversely aVect ventricular
contraction and relaxation,27–31 initiate arrhyth-
mia,32 and induce additional necrosis.1 2 Conse-
quently, detection and quantification of myo-
cardial oedema is of potential clinical interest.
Visualisation by MRI is attractive, as the
method is non-invasive and without any known
risks, thus allowing repeated examinations.
Additionally, the STIR technique integrates
perfectly with other MRI techniques which
provide detailed structural and haemodynamic
information on the postinfarction heart. In
future MRI studies, it would obviously be
interesting to study the exact relation between
myocardial oedema and diVerent patterns of
gadolinium enhancement in addition to short
and long term ventricular systolic and diastolic
function.

CONCLUSIONS

Prolonged postinfarction myocardial oedema
was demonstrated in 10 patients by MRI.
Myocardial oedema was of greatest extent at
the initial examination one week after the
infarction and declined thereafter, probably
over a period of several months. As myocardial
oedema may have consequences for prognosis,
in vivo detection is of potential clinical interest.
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