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General introduction

Cerebrovascular disease ranks third among the most frequent causes of death
and is one of the major causes of permanent disability in western society.
Approximately 80 per cent of all stroke patients have cerebral infarc-
tions.2.10,20 in the Netherlands 20,000-25,000 people suffer a stroke each
year.2.10 Fifteen to 20 per cent of these patients have a potential cardioembolic
source which, in about two-thirds of these cases directly leads to cerebral
infarction because of embolism. 1^21 Early recurrence in cardioembolic stroke
is frequent: approximately 12% (range 2-20%) suffer a new stroke within the
first year, with a maximum risk period during the first two weeks following
the first stroke, and five per cent yearly thereafter.*'1 ? The recurrence rate is
similar in various types of cardioembolic sources, although non-valvular
atrial fibrillation has a somewhat lower recurrence rate, and rheumatic atrial
fibrillation a higher oneA6,7,8,l4,i5,l8,i9 Besides increasing handicap, stroke
recurrences probably add to the risk of multi-infarction dementia.^ Ideally,
the lowering of the risk of stroke recurrences should start as early as possible.
For this purpose in cardioembolic stroke, anticoagulation with heparin or
coumarine derivates seems to be a rational choice. However, neither short-
term nor long-term anticoagulation have proven beneficial so far. The risk
estimates of anticoagulation therapy in cardioembolic stroke diverge^n-
13,15-18̂  but none of these studies were large enough or randomized. Adverse
effects of anticoagulation can be as equally devastating as the primary disease
itself; so, therefore the risks of anticoagulation should be balanced against
possible benefits. One of the most feared adverse effects of early anticoagula-
tion, especially in cardioembolic stroke, is hemorrhagic transformation of an
initially pale infarction, with consequent worsening of the neurological defi-
cit.
Differentiation between hemorrhagic infarction and primary cerebral bleed-
ing is sometimes difficult. Therefore, CT features differentiating between
these two should be validated, preferably by pathological comparison. To put
the risk of early anticoagulation into perspective, the frequency of hemor-
rhagic infarction should be known. Furthermore, knowledge about the time
course of hemorrhagic transformation could guide the temporization of early
anticoagulation. The presence of a cardiogenic source of embolism is often
interpreted as indicating an increased risk of hemorrhagic transformation.
However, the magnitude of this feature in predicting such risk relative to
other ischemic stroke subtypes has not been established by clinical studies.



The prevailing ideas about cardioembolic stroke as a cause of hemorrhagic
infarction, stem from autopsy studies. These studies however, are most prob-
ably biased towards relating hemorrhagic infarction with a cardioembolic
stroke, because cardioembolism more often causes large infarctions that are
more likely to come to autopsy. Apart from all presumptions about the
relationship between hemorrhagic infarction and cardioembolic stroke cause,
the most relevant question is whether early anticoagulation would put stroke
patients at a significant risk of cerebral bleeding complications. Studies per-
formed so far, were either rather small or retrospective.

The aim of this thesis is:
1) to review the literature on the pathophysiology of hemorrhagic infarction

related to different cardiac illnesses that can potentially cause embolism to
the brain (Chapter 1),

2) to study if and why, autopsy studies are biased towards relating a cardiac
source of embolism with hemorrhagic infarction (Chapter 2),

3) to measure the frequency of early hemorrhagic infarction in cardioembolic
stroke (Chapter 3),

4) to study whether the presence of a potential cardioembolic source and
severe neurological deficit are predictors of hemorrhagic infarction (Chap-
ter 4),

5) to compare the computer tomographic appearances of hemorrhagic infarc-
tion with the autopsy findings (Chapter 5),

6) to study the temporal development of hemorrhagic infarction (Chapter 6),
7) to measure the risks of early anticoagulation in cardioembolic stroke

patients (Chapter 7).
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1 Review of the literature:

Parti
The morphology and CT
appearance of cerebral infarction

The term "brain infarction" refers to focal total and partial brain necrosis
caused by circulatory impairment, resulting in functional deficit. The patho-
genetic mechanism of cerebral infarction resembles the "ischemic" or so-
called "pale" infarction in other organs, such as myocardium, kidneys, liver
and adrenals. However, the morphological pattern of ischemic cerebral in-
farction often differs from that of other organs, where in non-cerebral infarc-
tions, the ischemic area is nearly always almost completely necrotic. This is
contrary to brain infarction. In all organs the morphology of infarction de-
pends on several factors: calibre of the obstructed artery, dynamics of
ischemia development, state of the general circulation such as anatomical
variations of the vascular tree, degree of atherosclerosis, presence of hyper-
tension, and the availability of collateral circulation. Differences in mor-
phology between cerebral and non-cerebral infarction are mainly due to two
factors: firstly, the cellular elements of nervous tissue vary in their vulnerabil-
ity to oxygen deprivation, whereas in other tissues this is almost non-existent.
Secondly, the collateral circulation of the brain may, under some conditions,
determine the extent and the morphology of the infarction.

The different cerebral tissues show decreasing sensitivity to ischemia in the
following sequence: neurons, oligodendroglia, astroglia, and finally microglia
with blood vessels. If ischemia is moderate oligo- and astroglia may recover.
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Figure A) Ischemk damage of a neuron (-»): swollen cell body and vacuolation of
cytoplasm and lateralization of the nucleus. A second ganglion cell shows homo-
genization of the cytoplasm and dark lateralized nucleus (>), hematoxylin eosin, 830
x; B) Shrunken neuron with pycnotic nucleus (-*•), hematoxylin eosin, 830 x; C)
Disintegration of astroglial processes marked by crumbs of glial fibrillary acidic
protein visualized by immunohistochemistry, anti-GFAP reaction, 830 x; D) Leuco-
cytic infiltration of the infarcted area, hematoxylin eosin, 53 x; E) Hyperemia and
perivascular hemorrhages (-*) within a hemorrhagic infarction, demarcated by a rim
of edema (>•), hematoxylin eosin, 33 x.
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The mesenchymal components (microglia and blood vessels) often remain
vital; they necrotize only in cases of severe, extensive infarction.
Macroscopically the first signs of cerebral infarction can be seen five to six
hours after the onset of ischemia: the borderline between grey and white
matter becomes less distinct and blurred. Later on, swelling, softening and a
slight yellowish discoloration appear. Within 48-72 hours the infarcted area
can thus be easily recognized.
The first microscopic features of cerebral infarction appear six to twelve hours
after the onset of ischemia. At first the neuron cell bodies become swollen and
filled with small vacuoles, accompanied by disarrangement and lysis of the
Nissl substance in the cytoplasm. After a short time the neuron cell bodies
become eosinophilic, deformed and shrunken. In large ganglion cells, for
example the Purkinje cells, the cytoplasm appears glassy. This condition is
termed "homogenization". The neuronal nuclei are at first hyperchromatic,
shrunken and mostly displaced towards the periphery of the cell body (later-
alization of the nucleus). The nuclear pycnosis is rapidly followed by kary-
orhexis. Necrosis of the glial component is generally marked by similar
nuclear changes (Figures A to C).
The swelling of the infarcted area, which is visible macroscopically, is caused
by edema. Often perivascular hemorrhages due to increased permeability of
the capillaries occur and contribute to this swelling. Approximately 48 hours
after the onset of ischemia leucocytosis of small vessels and capillaries, and
leucodiapedesis set in. This is in fact an inflammatory response to the necrosis
and it may even simulate a septic infarction. In cerebral infarctions with total
central necrosis, the so called "coagulation necrosis", the "inflammatory"
reaction takes place at the periphery (Figure D).
About 72-96 hours after the onst of cerebral infarction, a scavenging process
begins. Leucocytes are replaced by macrophages that are mainly of microglial
and monocytic origin. They phagocytize and accumulate sudanophilic fat
droplets and crystalline anisotropic metabolites from disintegrated neurons
and myelin, thus dissolving the necrotic debris. This scavenging process lasts
for approximately two weeks. After this, the number of phagocytes decreases,
but some phagocyting cells remain in the interstitium for months or even
years. The scavenging process is macroscopically reflected by increasing
accumulation of fluid, and softening of the infarcted area; this appearance
prompted the name "encephalomalacia" to be given to cerebral infarction.
Five days following the ischemic insult the surviving astrocytes start to
proliferate. When the infarcted area is small, they replace the lost nervous
tissue area with an astroglial scar. In extensive infarctions the astrocytes
produce a gliofibrillary encapsulation. After colliquation of the central necro-
tic tissue, a wall of scar tissue and a cavity filled with fluid, in some cases
traversed by still surviving blood vessels, remains. This is the "post-necrotic
pseudocyst".
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Ischemic (anemic, pale, white) infarction is a common morphological sub-
strate of stroke. Within the ischemic infarction, small, mostly microscopic,
hemorrhages are very frequent. However, in some cases these hemorrhages
are more pronounced and often become confluent. They even may form small
blood pools in the necrotic tissue (Figure E). The isdiemic in/arcfion is thus
transformed into a /iemorrfeĵ /c iM/arcfion. For about four to five days such a
lesion is dark red. Subsequently it turns brown due to breakdown of hemo-
globin from the disintegrating erythrocytes.
Hemorrhagic cerebral infarctions are usually found in the cerebral cortex,
basal ganglia and thalamus. They can also develop after obstruction of a
venous drainage, e.g. vena magna Galeni or a venous sinus. Such venous
lesions involve both the grey and the white matter equally. They are always
rather extensive and are not confined to an arterial vascular territory.l'2,6,7,14
The patho-mechanism of hemorrhagic infarction is discussed in part 2 of this
chapter.

Before the advent of CT scanning the clinical diagnosis of cerebral infarction
was based on the patient's history, physical examination and sometimes
arteriographical demonstration of an arterial obstruction in the appropriate
territory. The diagnosis of a hemorrhagic infarction was impossible, unless
blood was found in the cerebrospinal fluid, which, could not however differ-
entiate primary intracerebral hematoma or subarachnoid hemorrhage from
hemorrhagic infarction. With the introduction of CT scanning, changes in the
diagnostic possibilities and patient management of a stroke emerged. The CT
scan can show the size and location of the infarction and is able to differentiate
between ischemic and hemorrhagic infarctions. Thus, hemorrhagic infarction
can also be studied in patients who do not die, and therefore, have not been
included in post-mortem studies. Furthermore, serial scanning enables the
assessment of the frequency and temporal evolution of hemorrhagic transfor-
mation of cerebral infarctions during life.
As in macroscopic morphology, the earliest sign of cerebral infarction on CT
is brain swelling due to edema. It may appear in the early hours following the
ictusA'0 Depending on the size of the infarction and the extent of edema,
more or less severe space-occupying signs, the so-called "mass effect", may be
visible on CT. These signs are: straightening or disappearance of cerebral
sulci, compression of ventricles, and shift of midline structures to the side
opposite to the lesion. Houser et al (1981)10 observed mass effect in 33% of
their cases with cerebral infarction. Masdeu et al (1977)12 reported that 70% of
the patients revealed mass effect on CT during the first week following stroke.
This percentage decreased to 29% at the end of the third week, whereas by
week eight space-occupying signs had disappeared in all cases. If the lesion is
small the initial CT scan may remain normal. Houser et al (1981)10 imaged
only 45% of cerebral infarctions within the first 48 hours after the ictus. Both
they and Masdeu et al (1977)12 reported that about 20% of all infarctions
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remained undetected during the first two weeks. In a recent study Horowitz
et al (1991)9 found evidence of acute infarction on CT in as many as 28 out of
50 patients (56%) within four hours after the stroke onset, whereas in 11
patients (22%) no CT abnormalities were found even on day seven after
stroke.
Recent ischemic infarction is reflected on CT by a more sharply demarcated,
hypodense area after about seven days. This is due to the disappearance of
edema, which itself has no sharp outline. The hypodense, sharply demarcated
infarction within the edematous area, then becomes visible. Between the
second and third week the infarction may become isodense. Thereafter the
density gradually decreases again. Finally, when a cystic cavity has develop-
ed, the density on the CT scan becomes equal to, or only slightly higher than
that of the cerebrospinal fluid.5-15 in small infarctions, which result morpho-
logically in a glial scar without a cavity, CT reveals a loss of cerebral volume
on the side of the infarction, represented by an increase of the cerebrospinal
fluid space at the cerebral convexity and/or ventricle enlargement. In some
cases a midline shift towards the affected side can be found.5 Occasionally,
small infarctions disappear on the CT because the visualization of the volume
decreases or because the residual pseudocyst is beyond the resolution power
of the CT scan.^
Blood on the CT scan is hyperdense, and therefore, a hemorrhagic infarction
can be seen on CT scan provided the hemorrhage is large enough. Tonghi et
al (1981 )14 compared CT scan findings with post-mortem examinations in
patients who died following cerebral infarction. At that time they were able
to demonstrate hemorrhages larger than 1 cm in diameter on CT. If smaller
petechial hemorrhages accumulate, they can be visualized by CT as well.5 The
typical appearance of a hemorrhagic infarction consists of a hypodense area
with one or more small, irregular hyperdensities. As the blood component
disintegrates and gradually disappears, the hemorrhagic infarction first be-
comes isodense, and then hypodense after two to four weeks. 15

In summary

Cerebral infarction has, compared to infarctions in other organs, a broader
spectrum of morphological changes, due to a varying sensitivity of the differ-
ent brain tissue components to ischemia. Petechial, mostly perivascular
hemorrhages, often only visible at microscopic level, appear in most cerebral
infarctions. In some infarctions the hemorrhages are more numerous, larger
and sometimes confluent. If the infarcted area appears red on macroscopical
examination it is called "hemorrhagic".
In contrast to the morphological examination, CT scanning enables diagnosis
of hemorrhagic infarction in patients surviving their stroke. It also provides
information on the time spectrum of hemorrhagic transformation of stroke.
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Although some authors believe that the differentiation between hemorrhagic
infarction and primary cerebral bleeding on CT is easy^-H, others stress that
large, confluent secondary hemorrhages within an infarcted area may be
indistinguishable from primary cerebral bleeding.^lO Primary brain hemor-
rhage on CT often has only a narrow hypodense rim around the homogeneous
central hyperdensity, and blood is sometimes found in the ventricles.^ Exten-
sive hemorrhagic infarction with confluent blood pools may appear equally
homogeneous and may sometimes cause bleeding into the ventricular cav-
ity.4,5,10 if the hyperdensity lies within a hypodense area compatible with a
vascular territory of a major cerebral artery or one of its branches, then it most
probably is a hemorrhagic infarction. Homogeneous hyperdensity, located in
the deep parts of the hemispheres even with blood in the ventricular system,
may not exclude hemorrhagic infarction. However, validation of CT criteria
with post-mortem findings in hemorrhagic infarction has not yet been per-
formed. A comparison of CT features and post-mortem data in hemorrhagic
strokes is reported in Chapter 5.
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Review of the literature:

PART II
The pathophysiology of cerebral
hemorrhagic infarction

Early knowledge about the morphology and pathogenesis of infarction came
from studies performed during the 19th century on lung, spleen and kidney
infarctions whereas studies on brain infarction were rare before 1900. The first
descriptions of infarctions referred to observations in post-mortem material,
but animal model studies were used shortly afterwards as well. The origin of
the word "infarction" is uncertain, but generally two explanations are offered.
The first connects INFARCTION with the latin word INFARCIRE, which means
"to stuff". It was used as a name for a heart filled with thrombi, and for blood
vessels filled with thrombotic material. Later it referred to the result of
vascular thrombosis, i.e. circumscribed ischemic tissue necrosis in the vascu-
lar territory of the occluded vessel. The other explanation attributes the name
INFARCTION to the Latin name of blood sausage which is INFARC1MENTUM,
which refers to the macroscopical similarity between hemorrhagic infarction
of the small intestine and this nutrient. Laennec (1835)35 described hemor-
rhagic infarction of the lung as "une sorte d'infarctus" and "hemoptoique
infarctus". Virchow (1847)50 translated these terms into German as "hamop-
toischer Infarkt" and "hamorrhagischer Infarkt". He studied organ emboliza-
tion in animals, using rubber, muscle, fat and blood clot emboli. The
co-existence of infarction and arterial obstruction in the lung was described
by Bouillaud in 18267 In 1852 Kirkes33 finally established that hemorrhagic
pulmonary infarction resulted from arterial embolism but the patho-me-
chanism of hemorrhagic infarction remained unclear, and several explana-
tions were offered. Cohn (I860)" and Cohnheim (1872)12 introduced the
theory of venous reflux and ischemic endothelium damage as the cause of
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blood extravasation after arterial obstruction in the lung. However, after
experimental ligation of the renal artery and vein, Cohn was still able to
produce hemorrhagic infarction in the kidney, and therefore abandoned the
venous reflux theory. ^
In 1876 Kossuchin^ introduced the idea of blood influx from collateral arter-
ies as the cause of hemorrhagic infarction. In 1880 Litten-^ demonstrated that
endothelium was much more resistant to ischemia than it had been thought
to be. He concluded that the endothelial damage was not responsible for the
blood extravasation. Instead, he postulated that blood flows into the infarcted
area by way of collateral circulation, and accumulates there due to lack of vis
a tergo. He ascribed the blood extravasation to extreme capillary dilatation
and rupture. Welch (1887)51 experimented with small intestine, and proved
that hemorrhagic infarction resulted from arterial collateral influx and not
from venous reflux. Forbes (1901)21 demonstrated that the red colour in the
early stage of infarction was due to vessel congestion and not to blood
extravasation, whereas earlier pathologists believed that all infarctions were
initially red i.e. hemorrhagic. Karsner and Austin (1911)32 observed that
splenic and renal infarctions were hyperemic after four hours, then after 24 to
48 hours became hemorrhagic, and finally turned pale due to central coagu-
lation necrosis. McCallum (1940)38 stated that whether an infarction would
remain anemic or become hemorrhagic depended on the architecture of the
vascular supply and the density of the tissue involved. In solid tissue bleeding
is minimal. The red cells are broken down, and the released hemoglobin
pigment diffuses out of the infarcted area. Therefore, in organs with a high
tissue density such as the heart and the kidney, infarctions tend to be pale. In
contrast, arterial infarctions in loose tissue like the lungs, are so intensively
hemorrhagic that they remain red all the time.
Prior to 1800 cerebral infarction, referred to as "encephalomalacia alba" or
"rubra" meaning white or red brain softening, was attributed to inflamma-
tion. When Rostan** suggested, in 1820, that in some cases encephalomalacia
might be a form of necrosis he met with strong opposition. Carswell (1838)8
definitely established the necrotic nature of the pale brain softening as a result
of ischemic damage due to obstruction of cerebral arteries. In 1846 Hase^S
presented a small series of cases with brain softening due to plugged arteries,
and so did Virchow^O in 1847. Others followed*^ and soon the idea that pale
infarction of the brain was due to arterial obstruction was generally accepted.
The pathophysiology of hemorrhagic cerebral infarction, however, remained
the subject of dispute. In 1930 Schwartz*? stated that hemorrhagic infarction
and massive hemorrhage in the brain were basically the same, the only
difference being quantitative. One year later Bohne^ opposed this view, stat-
ing that as in other tissues, infarction of the brain was pale first and became
hemorrhagic afterwards. Hiller (1935)25 supported Bonne's view, suggesting
that blood extravasation was caused by collateral arterial influx. Fazio
(1949)18 noticed that cerebral hemorrhagic infarctions are not homogeneously
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hemorrhagic, but are interspersed with pale areas. He attributed this phenom-
enon to partial vessel occlusions causing non-uniform blood stasis and ex-
travasation, FOLLOWING WHICH necrosis might occur. He also suggested that
vasospasm proximal to the occlusion could lead to the development of hemor-
rhagic infarction. Hain et al (1952)22 found hemorrhagic infarction after the
occlusion of the canine middle cerebral artery in the zone of the perforating
branches, whereas when the occlusion lay distally to all the perforating
vessels, it resulted in an ischemic infarction, thus illustrating the role collateral
flow might play in the development of hemorrhages in an infarcted area, at
least in an animal model. Faris et al (1963)17 suggested that the degree of
collateral flow was influenced by systemic blood pressure: ligation of the
middle cerebral artery in hypertensive dogs produced hemorrhagic infarc-
tion, whereas in normotensive dogs the infarction remained pale. The authors
concluded that collateral blood flow in the brain of the hypertensive animals
was better than in the normotensive ones, and this was considered to be the
reason why the hypertensive group developed hemorrhagic infarctions.
The mainstay of the present concept on the pathophysiology of hemorrhagic
brain infarctions in man stems from the results of Fisher and Adams' meticu-
lously performed pathological study in 1950 on 57 cases that died following
an embolic brain infarction.20 Thirty-eight of these 57 infarctions were par-
tially hemorrhagic. The hemorrhagic part was usually situated proximal to
the pale part, corresponded with an arterial vascular territory, and was mostly
confined to the grey matter. In only 12 of the 38 cases vessel dissection
revealed an embolic plug. In 10 of these 12 cases the embolus was located
distally to the hemorrhagic part of the infarction, often at the apex of the pale
portion. From these findings the authors concluded: "An embolus upon
reaching a brain artery becomes slowed up or arrested in a narrowed part of
the vessel, usually at a bifurcation and causes ischemic necrosis of the tissue
supplied by that vessel. The embolic material then undergoes a change; it may
become more compact, assume a different shape, shatter, or fragment and the
pieces are then carried into the distant peripheral branches or arterial twigs
where they are difficult to find at post-mortem. Or instead of fragmenting, the
entire embolus may move distally for a short distance and then become
securely lodged in one or two large branches. Proximal branches, which were
previously occluded, are now exposed to the force of the arterial blood
pressure, and the capillary bed which they supply becomes congested with
blood. Extravasation occurs through the distended capillaries and other small
vessels. Parts of the brain supplied by vessels which are still occluded by
emboli remain pale except at the extreme margins between normal and
ischemic brain where collateral vessels permit some limited influx of blood
into the damaged capillary bed." The theory of clot migration and fragmenta-
tion, postulated by Fisher and Adams20 was later confirmed by arteriographi-
cal srudies.2-15,27,43,49,52,53 j„ 1955 Zatz et al53 published their observations of
serial angiography in six patients with acute cerebral vessel occlusion. All
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patients had an embolic stroke, two of them from a mural thrombus in the
internal carotid artery, and the other four from the heart. Two of the six
patients received a "fibrinolytic mixture", whereas four were treated with a
placebo. In three of the four patients who did not receive fibrinolytic therapy,
reopening of the occluded vessel was found within 1 to 34 hours, whereas in
two of them fragmentation of the clot with occlusions of more distal arteries
was documented. The authors concluded that reopening of occluded vessels
probably occurs early after stroke onset, which may explain why carotid
angiograms frequently show no occlusion when performed at a later date, and
also why only few occlusions are found in post-mortem studies of embolic
stroke. Irino et al (1977)28 examined 45 patients with embolic stroke, most
probably originating from the heart. They found reopening of the involved
vessels within one week in 17 cases. The authors also correlated angiographic
findings after vessel reopening with the presence of space-occupying signs
such as midline shift on CT. Eight of the 17 cases with reopened arterie*
showed apparent capillary blush in the territory of the affected artery
whereas nearly all cases had an abnormal circulation time. Eleven of th<
reperfused cases revealed space-occupying signs, six of whom demonstratec
a shift of midline structures on CT. Of all 11 cases with mass effect, eigh
showed a capillary blush. The authors concluded that reopening of occludec
arteries after embolic stroke is common, but that such reopening is not fol-
lowed by normal circulation. They also concluded that edema and hemor-
rhagic transformation often occur, whereas hyperemia and space-occupying
effect on angiography might indicate spontaneous reopening of the vessel
prior to the angiography. Yamaguchi et al (1984)52 examined a large series of
embolic (120) and thrombotic (109) stroke patients. In the embolic series they
found 45 cases (36%) with hemorrhagic infarction, 42 of whom showed reo-
pening of the previously occluded artery on angiography. In 10 of the embolic
cases a migration of the clot was documented on repeated angiography.
Twenty cases in the embolic group were without any occlusion at the time of
the first angiogram, even when performed on the day of the stroke onset. In
the thrombotic group only two patients (2%) developed hemorrhagic infarc-
tion, one with reopening of the occluded artery and the other without. The
authors concluded that the shorter the interval between stroke onset and
angiography, the more likely that angiography will demonstrate an occlusion,
and the more apical this occlusion will be within the embolic brain infarction.
Angiography studies thus proved that reopening of occluded vessels after
cerebral embolism occurs rather frequently, the reported incidence varying
from 41 to 75%. 19,28,52 Circulation in the territory of the obstructed artery after
the reopening seems to be abnormal. The occurrence of many hemorrhagic
infarctions coincides with a reopening of the previously occluded artery,
whereas hemorrhagic transformation of the infarcted area develops after
reperfusion.52 Thus, recent angiographical data support the concept of Fisher
and Adamŝ O postulated more than 30 years earlier.
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Fragmentation of embolic material followed by reperfusion is not the only
possible mechanism leading to hemorrhagic brain infarction. Hemorrhagic
transformation has also been observed without reopening of the feeding
artery.4'14'2930,41,43 Blackwood (1967)4 postulated that at the edge of an in-
farction the collateral influx is sufficient to protect the tissue from serious
damage, whereas the deeper parts become congested due to damage to
capillary walls. This would lead to vessel distension and blood stasis, which
in turn causes blood extravasation. He illustrated this theory with observa-
tions of leucocytic infiltration as a sign of circulating blood in hemorrhagic
infarctions caused by a total obstruction of the feeding artery. This theory,
however, is difficult to reconcile with the existence of pure ischemic brain
infarctions, unless one assumes that in some cases the collateral influx is better
than in others. Collateral circulation plays a major role in the induction of
small petechial hemorrhages on the border of an extensive ischemic infarc-
tion. Ogata et al (1989)43 suggested that in stroke cases without reopening of
the feeding artery the development of hemorrhagic infarction could be in-
duced by surges of high blood pressure following stroke onset, which, if they
take place before the development of brain edema, will facilitate blood ex-
travasation. If the blood pressure rises after the edema has developed, no
collateral influx will occur due to compression of collateral vessels, and the
infarction will consequently remain pale.
There is, however, still another aspect in the pathogenesis of hemorrhagic
brain infarction, which has not as yet, in our opinion, been fully appreciated.
This concerns the special quality of the brain tissue related to a singularly high
content of water, 774 grs water per kg fresh brain tissue. The blood, which is
sometimes called "liquid tissue", contains about 680 grs water per kg blood.^
The shape of the brain is kept constant by organic substances which bind and
integrate the water ions into the tissue, and this, at the same time, also offers
a physical support and a protection to the vascular bed. Ischemia leads to
disintegration of this delicate construction. The water ions are released and
accumulate outside the cells, together with edema due to increased permea-
bility of blood vessels in the ischemic area, thus contributing to the colliqua-
tion of the necrotic tissue. In the quickly developing pulp, the supportive
function of the brain tissue is lost. Without mechanical tissue support the
capillaries and small vessels may not only dilate and increase their permea-
bility, but also burst more easily, allowing erythrocytes to pass from the vessel
lumen into the pulpous necrotic tissue without hinder.
More recent animal models of hemorrhagic infarction lend support to the
view that both arterial reperfusion, as well as collateral flow determine
hemorrhagic transformation, whereas early development of edema leading to
decreased tissue supportive function could also contribute. Seki et al (1983)48
demonstrated that blood extravasation occurred early after reperfusion of the
infarction. In their dog model of thalamic infarction blood extravasation
appeared after 6-12 hours of reperfusion, suggesting that hemorrhagic trans-
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formation is linked to reperfusion. Mellergard and co-workers (1989)40 inves-
tigated the temporal development of brain edema after focal ischemia and
reperfusion in rats. The development of edema appears to be bi-phasic. Early
edema reaches its maximum at 30 minutes of reperfusion and disappears after
six hours. After 24 hours edema reoccurs. From this and other studies it
appeared that early edema development depends on the intensity of reperfu-
sion and on the duration i.e. severity of the ischemia. In gerbils, who have an
incomplete circle of Willis and therefore impaired collateral circulation, early
edema does not appear at allA39,40 Because prolonged ischemia is often
followed by "hypo-hyper-perfusion" the hyper-perfusion most probably sti-
mulates the development of early edemaA^» The nature of this early edema,
whether it is cytotoxic, vasogenic, or both, is not yet known. However, it was
demonstrated in animal models that cerebral ischemia is accompanied by an
early significant increase in tissue osmolarity24,26^ which leads to intracellular
accumulation of water (cytotoxic edema). This phenomenon resembles what
in man is called "early post-ischemic edema".40
Nishigaya and co-workers (1991)42 investigated vascular changes after ische-
mia and reperfusion in rats. Two-hours of ischemia was sufficient to produce
endothelial denudation in small arteries. Medial smooth muscle cells were
even more vulnerable; after two hours of ischemia, a complete medial necrosis
appeared allowing edema and erythrocyte extravasation to develop. The
arterial lesions healed within 10 days. Hypertension could further contribute
to hemorrhagic transformation.^ This was further studied by Saku et al
(1990)46 in hypertensive rats. They concluded that hemorrhagic transforma-
tion can be induced by a rapid increase of perfusion pressure in the ischemic
brain tissue by forced hypertension. Furthermore, they suggest that the re-
storation of blood flow through leptomeningeal collaterals plays an important
role when hemorrhagic transformation occurs without being preceded by
reopening of the occluded arteries. Cole et al (1990)13 investigated the in-
fluence of hemodilution and hypertension on hemorrhagic transformation of
reperfused ischemic infarctions in rats. They concluded that although hyper-
tension may decrease the extent of ischemic brain injury, it significantly
increases the risk of intraparenchymal hemorrhage in the injured area follow-
ing reperfusion.

In conclusion

There are three possible mechanisms to explain hemorrhagic transformation
of an ischemic brain infarction:
1. reperfusion through collateral vessels
2. deterioration of the vascular tree integrity caused by loss of the brain

tissue's supportive function due to tissue necrosis
3. fragmentation of emboli with distal lodgement, reperfusion and extravasa-

tion of blood through damaged vessel walls.
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Which of the three factors prevails in an individual patient is difficult to
assess. Collateral blood influx seems to be less important in man than it is in
animal models. The degree of ischemic damage to vessel walls in man still
remains unknown.
Although hypertensive stroke patients are known to have a larger risk of
hemorrhagic transformation, the question of the mechanism causing it, i.e.
increased collateral blood influx, overfilling of the feeding vessels in the
infarcted area or both, is still unanswered.

Based on the theory of Fisher and Adams (1950)20 and other post-mortem
s tud ies^ hemorrhagic infarction was thought mainly to result from em-
bolism, most of which was assumed to be cardioembolic at that time. How-
ever, later CT scan studies showed that hemorrhagic infarction is associated
with large infarctions regardless of their etiology$10 Cardioembolic strokes
are often large and fatal. Therefore, studying only autopsy series might bias
towards finding hemorrhagic infarction to be related to a cardioembolic
stroke cause. This problem will be addressed in Chapter 2.

The role of the loss of the supportive function of the brain tissue and con-
sequent disintegration of the vascular tree within the infarcted area has not
been fully appreciated until now. However, hemorrhagic infarction often
appears in large infarctions, in which this factor plays a more important role
than in the smaller lesions. Considering the morphological changes in cere-
bral infarction and their temporal development, the loss of the supportive
function is probably most pronounced after the disintegration of cellular
elements and before the appearance of substantial scar development. Con-
sequently hemorrhagic infarction would be expected to be rare immediately
after the onset of ischemia, and to develop within the first week of the disease
in most cases. The timing of the hemorrhagic transformation in ischemic
stroke plays an important role if anticoagulation is to be considered. The
frequency of hemorrhagic infarctions at stroke onset and the temporal profile
of hemorrhagic transformation are dealt with in Chapters 3 and 6.
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Review of the literature:

PART III
Embolic brain infarctions; the
heart-brain relationship

The diagnosis of cardiogenic brain embolism is difficult and complex con-
sidering the numerous publications on this issue, as well as the frequent
"bed-side" discussions between cardiologists and neurologists. Most of the
patients with suspected cardioembolic stroke are elderly, often with concom-
itant hypertension, diabetes mellitus or other sequela predisposing to stroke.
The presence of a potential cardioembolic source does not fully ascertain the
stroke cause, nor does it contradict large vessel embolism. Therefore, often the
diagnosis of cardiogenic embolic stroke depends on the attending clinician's
judgement, the scrutiny with which he performs ancillary testing, and the
criteria for cardiogenic embolic source he uses. These are important notes to
consider when comparing different studies on cardiogenic brain embolism.
The clinical diagnosis of cardioembolic stroke is based on neurological, CT-
scan, and cardiological "predictors", features that are neither specific nor
sensitive indicators of a cardioembolic stroke mechanism.37,164
As neurological "predictors" of cardioembolic stroke mechanisms have been
considered:
1. abrupt onset of maximal neurologic deficitSO'Waï'lS*
2. isolated focal deficit (e.g. isolated ' ^ 7
3. loss of consciousness at onset^
4. seizures at onsetl32,202
5. headache at onset^
6. onset during activity^
7. nausea and vomiting at onset202
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8. clinical evidence of two separate sites of embolization (different cerebral
vascular territories or embolization in the brain and other organs)30'^3,i34

9. specific location and size of the stroke (large, cortical infarctions, not in the
vertebro-basilary territory) 16/37,200

Abrupt onset of maximal neurological deficit has been reported in 25-82% of
ischemic strokes with a potential cardioembolic source, but also in 14-66% of
patients with other ischemic stroke causes. 18,30,164 Ramirez-Lassepas et al
(1987)1^4 demonstrated that the rapidity of stroke onset is significantly as-
sociated with the presence of a cardioembolic source. Although this symptom
is highly specific, it is not sensitive, and therefore it is not a reliable predictor
of cardioembolic stroke.164 A non-sudden, stuttering or progressive onset
occurs in about 10% of ischemic strokes with a cardioembolic source. In these
cases disintegration and distal migration of embolic fragments38,61,134^ or
moulding and superimposed thrombosis of the lodged emboli6i'202 may
explain the stroke progression. Whether re-embolization of the same vascular
territory can occur, is unknown. Statistically it seems unlikely, although,
sometimes recurrent emboli prefer specific vascular territories. 195,202 isolated
focal deficit, especially isolated Wemicke's aphasia, global aphasia without
hemiparesis and isolated posterior cerebral artery syndromes have been re-
ported to be most likely cardioembolic in origin.29,59,115,152
Ramirez-Lassepas et al (1987)164 found loss of consciousness at stroke onset
to be significantly associated with a cardioembolic source. However, as with
"sudden onset", this sign was not sensitive.
Seizures or headache at onset do not distinguish cardioembolic stroke from
other causes 18,30,66,164 and the same is true for stroke onset during acti-
vity .30,134,164 Nausea and vomiting could indicate raised intracranial pres-
sure rather than cardioembolic stroke, and can therefore occur in both
cardioembolic and thrombotic stroke as well as in other abnormalities as-
sociated with increased intracranial pressure, such as cerebral hemorrhage. 158
Diagnosis of multiple infarctions in the brain or in other organs has also been
used as a sign of cardiogenic embolism in post-mortem as well as in radiologi-
cal studies.'64 Only post-mortem studies might indicate that multifocal in-
farctions favour an embolic cause, because concomitant vascular lesions can
be excluded in such studies. So far no clinical study has established the
predictive value of multiple brain infarctions in a prospective, well-defined
series of different brain infarction subtypes in relation to a cardioembolic
stroke cause.
Most cardioembolic strokes are located in the cerebral cortex, and are
large.30.57,%,97,171 Subcortical infarctions occur in 16-22% of presumed car-
dioembolic strokes, whereas almost half of these infarctions have a potential
cardioembolic source.20.177 However, lacunar strokes as well as amaurosis
fugax can occur in heart disease, and might result from small embo-
ljl/,80,92,101,178, although others indicate that cardiogenic embolism is an
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unlikely cause of lacunar infarctions. 19.20.119,131 Cardioembolic infarctions in
the vertebro-basilary and anterior cerebral artery territory are uncom-

30^*

The presence of hemorrhagic infarction on CT scan is often considered to
indicate cardiogenic brain embolism.97,134 This inference originates from
post-mortem studies, that revealed a high number of hemorrhagic infarctions
in these patients.60-96 The theory of fragmentation, distal migration, dissolve-
ment of emboli, subsequent reperfusion and hemorrhagic transformation
supported the claim of this criterium.^ However, so far, clinical studies
challenging the specificity of this sign are lacking. Embolic strokes more often
show hemorrhagic transformation merely because they tend to be large
(Chapter 2).89,147 As far as post-mortem studies are concerned, large infarc-
tions more often lead to death, and therefore such studies are probably biased
towards finding a high number of hemorrhagic infarctions related to car-
dioembolic stroke cause.
A cardiac source of embolism is mandatory for the diagnosis of cardioembolic
stroke, but the presence of this source does not fully define the stroke
cause.36-37 Concomitant precerebral vessel disease on angiography was re-
ported in 13-48% of minor stroke or TIA patients with a cardioembolic
source. 14,17,18,65,164 Particularly elderly patients are found to be at higher risk
for atherothrombotic stroke, and this also is true for those with a potential
cardiac source of embolism. ̂ 7
Although it is uncertain to what extent cardioembolism caused the stroke
rather than thromboembolism from large vessel disease, in the presence of
both, the heart is usually considered to be the most likely cause.**» Moreover,
the degree of certainty may vary between different types of cardioembolic
sources. This could be related to differences in the nature of the embolic
material. In marantic endocarditis, e.g. the thrombi are mostly composed of
platelets. Laminated fibrin rich thrombi occur on the ventricular wall, where-
as tumour thrombi may arise from myxomas.^7
The following cardiac conditions are generally recognized as obvious car-
dioembolic sources:
1. bacterial endocarditis
2. rheumatic heart disease
3. prosthetic valves
4. acute myocardial infarction
5. dilated cardiomyopathy
6. non-rheumatic atrial fibrillation
7. marantic endocarditis
8. atrial myxomas
9. hypo- or akinetic ventricular wall segment.
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There are other causes of presumed cardiogenic embolism which are either
very rare, making it difficult to establish their emboligenic potency with
certainty, or doubtful:
1. congenital heart disease and paradoxical embolism
2. atria 1 septal aneurysm
3. ventricular aneurysm and thrombi remote from acute myocardial infarction
4. mitral valve prolapse
5. calcified aortic stenosis
6. mitral annulus calcification

Bacterial endocarditis (BE)

BE is an exceptional condition among the cardioembolic sources. The under-
lying bacterial or fungal infection prompts a specific approach. Embolic
stroke occurs in 15-20% patients with BE.31<47,71,77,80,82,150,tél,172-174,186,213 ^
can be the presenting symptom of BE.773,214
The majority of strokes occur on presentation or during the first 48 hours after
diagnosis.*W'174 Emboli occur in both mitral and aortic valvular involvement
and are especially frequent in staphylococcus aureus and fungal infec-
tions.33.82,135,161,174 Some authors demonstrated that patients with echocar-
diographically diagnosed valvular vegetations experience systemic embolism
in 34%, versus 7% ot patients without vegetations. However, due to methodo-
logical differences in these retrospective studies, the predictive value of val-
vular vegetations for embolism remains controversial.24,26,80,81,125,174
Transoesophageal echocardiography may increase the sensitivity of diagnos-
ing BE.37 Abdominal CT scans in BE reveal a substantial prevalence of silent
(mostly splenic) infarctions.^ This may prompt prophylactic anticoagulation.
On the other hand, these patients have an increased bleeding risk due to
para-infectious coagulopathies, especially in streptococcus aureus infections.
Spontaneous cerebral hemorrhage occurs in 20%.80 Development of cerebral
mycotic aneurysms occurs in some 2% of mycotic endocarditis^, and these
aneurysms tend to bleed at unpredictable times.̂ 7 Therefore the use of anti-
coagulants in these patients remains controversial.^'***'^ initiation of an-
timicrobial therapy appears to be a major factor that reduces embolism.*? The
risk of recurrent stroke in controlled infection is extremely low.^W*

Rheumatic heart disease (RHD)

RHD with proven cardioembolic source includes rheumatic mitral valve
abnormalities and rheumatic atrial fibrillation. Embolism usually complicates
rheumatic mitral stenosis or mixed stenosis-regurgitation, whereas pure re-
gurgitation less frequently results in embolism.68<9U38 The incidence of em-
bolization in rheumatic mitral stenosis is about 4% yearly and occurs within
all degrees of the stenosis.&^i^ Coexistent atrial fibrillation (AF) increases
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the risk of embolism three to seven times as compared to rheumatic mitral
stenosis alone.64-9U9l.207 y^e identification of thrombi within the left atrium
in patients with rheumatic mitral stenosis has been variably correlated with
the embolic potential.^ Efforts to correlate embolic risk in these patients with
other factors, e.g. enlarged left atrium, severity of stenosis or associated
cardiac failure were inconclusive.9U91 Embolic recurrences were reported in
30-75% of patients with rheumatic mitral valve stenosis and are particularly
common during the first year.32,46,53,64,191 jj jg generally agreed, though not
scientifically proven, that prophylactic anticoagulation is indicated to reduce
the risk of recurrent embolism.32,m,l48,l9l,200,209

Prosthetic valves

Despite oral anticoagulation mechanical prosthetic cardiac valves are as-
sociated with embolism in 4% yearly of patients with such a valve in the mitral
position, and 2% yearly of patients with artificial aortic valves.54-163 Addi-
tional anti-platelet therapy may further reduce the risk.36 Some authors re-
ported that patients with prosthetic valves who were on anticoagulation, have
a high risk of hemorrhagic transformation should a stroke occur.35 However,
these observations are merely case reports, whereas large consecutive series
are not available. In retrospective analysis of patients with infected prosthetic
valves, the risk of embolism remains substantial even if anticoagulation is
continued.47,106,174 As in bacterial endocarditis, antimicrobial therapy ap-
pears to be the most important factor in reducing embolism.*? Continuation
of anticoagulation therapy with frequent cerebral CT to monitor the brain
infarction in small and medium sized infarctions without substantial space-
occupying signs, may be the most prudent strategy^ in patients with pros-
thetic valves with, or without superimposed infection. Bioprosthetic valves
have an embolic potential of 1-2% per year despite anticoagulation in patients
with the prosthesis in the mitral position, and in non-anticoagulated patients
with aortic bioprosthesis.l5,36,39,55,70 ^ the absence of AF or dilated atria,
bioprosthetic valves most probably do not require long-term anticoagula-
tion.^ In recent studies platelet anti-aggregation drugs were reported to
reduce the risk of embolism to below 1 % yearly in bioprosthetic valves.^^
Other reports, however, contradict these results, leaving the management of
patients with bioprosthetic valves still controversial.^-^'

Acute myocardial infarction (AMI)

In AMI about 2.5% (11.1 - 7.3%) of the patients will experience ischemic stroke
within the first 2-4 weeks.85,93,95,107,162,203 About 90% of the strokes occur in
patients with a transmural anterior AMI and 4-12% of patients with trans-
mural anterior AMI experience a stroke during the acute phase, compared to
1 % in inferior AMI A50>4,93,95,l42 Large AMI's were reported to bear a higher
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risk than small and medium size infarctions^ 13,194, possibly because in large
infarctions the wall motility is impaired the most. Both extreme CPK eleva-
t i on^ , ^ and low cardiac output'07 have been reported to correlate with a
higher embolic risk, supporting the significance of the size of the AMI. Left
ventricular mural thrombi are present in about 40% of all patients with
anterior transmural AMI and are always confined to areas of mural dyskine-
sia and aneurysm. However, it is important to consider that small apical
thrombi (< 5mm), still large enough to cause a devastating stroke, will often
remain undetected by echocardiography. The development of these small
thrombi may e.g. be induced by reactive inflammation of the infarcted area
which causes endothelial damage. Thrombi lodged between the ventricular
trabecules may be missed with transthoracic 2D echo. A comparison of trans-
thoracic 2D echo and heart CT scan capacity to diagnose intraventricular
thrombi in stroke patients with AMI showed a definite superiority of the CT
scanning, especially in the apical region.87 The frequency of thrombi in ante-
rior AMI and stroke might be even larger than routine echocardiography
suggests and the absence of thrombi on 2D echo, therefore, does not neces-
sarily rule out the possibility of embolization from the heart.37 Ventricular
thrombi are infrequent in inferior and posterior AMI.5<67,85,93,199 About 20%
of patients with left ventricular thrombi and AMI will experience stroke
within four weeksA50,85,93,95,198,203 Left ventricular thrombi are usually ab-
sent on echocardiography performed within the first 24 hours after AMI
onset. Most of these thrombi develop during the first two weeks with a peak
between the first and seventh day and may persist for months. Occasionally
ventricular thrombus develops even months after the AMI.5A67,74,95,142,198
About one-third of the thrombi protrude into the left ventricle. This was
reported by some authors to represent an increased embolic riskA50'74,95,l42
Anticoagulation reduces the incidence of the left ventricular thrombi in AMI,
especially if administered in the early stages of the disease.4<5'*9.74,l42,l98
8-Adrenergic blocking medication, which limits ischemic myocardial injury,
appears to increase the incidence of left ventricular thrombi, and may perhaps
slightly increase the risk of early stroke.^ Concomitant AF increases the
embolic risk in AMI."3 Anticoagulation therapy significantly reduces early
stroke risk in unselected patients with AMI from 2.9 to 2.1%.93,98,203 How-
ever, the absolute stroke reduction is small, therefore its clinical significance
is questionable. Further trials should identify subgroups of patients who are
at a higher stroke risk, and who might therefore benefit most from anticoagu-
lation.^ Because the risk of embolic stroke in non-transmural anterior and in
inferior wall AMI is low, unless AF is present, anticoagulation is not indicated
in these patients.'^ Other therapeutical measures, such as low dose anti-
coagulation, fibrinolytic or platelet anti-aggregating agents still have to be
tested in prospective trials before their efficacy in AMI and left ventricular
thrombi can be measured.37
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Dilated card iomy opa thy (DCMP)

DCMP is associated with frequent brain embolism although the exact preva-
lence remains uncertain (estimations go as high as 12% per year).69,72,l96
Echocardiographic and post-mortem examinations revealed a high number of
intraventricular thrombi^'^,72,179^ which develop within the dilated, hy-
pokinetic ventricle. In some DCMFs endocardial lesions may predispose to
thrombi prior to overt clinical heart failure, and brain embolism may be the
presenting sign of the DCMP.36 It is generally agreed that long-term anti-
coagulation therapy is indicated in all patients with DCMP, because the
heterogeneity of causes and severity have hampered identification of high-
and low-risk groups.3?

Non-rheumatic atrial fibrillation (NRAF)

NRAF is the most common cardiac condition associated with a presumed
cardioembolic stroke. Six to 24% of all ischemic strokes have been associated
with NRAF in recent studies.78,103,112,139,143,206 it affects 2-5% of the elderly
population.!^ Because NRAF encompasses a wide spectrum of heart dis-
eases, the risk of embolism probably depends on the type and the degree of
associated heart disease, which itself may, however, serve as an independent
embolic source.36 Stasis within the left atrium, particularly the appendage,
may lead to the development of thrombi.36'181 Population-based studies show
at least a five-fold increase of stroke risk compared with age-matched con-
trols^, this being less than 3% per year for patients younger than 60 years of
age, but it exceeds 5% for patients older than 70 years of age.63'14*'206 in-
patient populations have a higher stroke risk (5-9% yearly), compared to
out-patient populations (1.7-4.8% yearly»»-154 Post-mortem data support an
embolic cause for the majority of strokes in NRAF, because ipsilateral carotid
stenosis has been found in less than 10% of AF related strokes.25-112,193,201
Clinical and pathological studies have suggested that about two-thirds of
strokes in patients with AF are of cardioembolic origin. 1-88-183 Van Merwijk
et al*3i compared the frequency of NRAF in primary intracerebral hemor-
rhage, cortical infarctions and lacunar stroke. They found that the frequency
of NRAF in primary intracerebral hemorrhage and lacunar stroke did not
differ. In cortical infarctions, however, it was significantly higher than in the
other two groups. They concluded that about 70% of all cortical infarctions are
caused by NRAF when present. NRAF associated with sick sinus syndrome
constitutes a higher risk for emboli.62
A low stroke incidence has been reported in patients with lone AF (i.e. NRAF
without other evidence of heart disease).^ Three recent studies established
the stroke risk in lone AF in patients younger than 60 years of age to be less
than 0.5% yearly.42,108,146 Others, however, found that lone AF does pre-
dispose to embolism more frequently. 11̂ 3,37 Differences in diagnostic criteria
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in lone AF and the age of the patients explain some of these discrepan-
Cies.37,124
The embolism rate in uncontrolled thyrotoxicosis during the first two to four
months of treatment ranges from five to ten per cent.11'156,160 it may be higher
in concomitant cardiomegaly or congestive heart failure. In these groups the
rate has been reported to be as high as 30 per cent.H'90,210
The role of some additional findings in NRAF as e.g. increased left atrial size,
intermittent dysrythmia or left atrial thrombi, still remains undetermined,
due to small study size, or the absence of reliable non-invasive diagnostic
tools.3,169,192,205
It is difficult to visualize the left atrial appendage with transthoracic 2D
echocardiography .87 Transoesophageal echocardiography appears a more
sensitive technique for the evaluation of the left atrium including its append-
age.45,114
However, it is more of a burden for the patient than the transthoracal 2D echo
and therefore cannot be used in all patients. CT scanning of the heart may
provide a good diagnostic alternative.^?

It has generally been accepted that the presence of a thrombus in the left atrial
appendage in a stroke patient with AF supports a cardioembolic mechanism.
The significance of the presence of such thrombi has not been systematically
evaluated so far. Aschenberg et al^ demonstrated that anticoagulant therapy
does not result in the disappearance of left auricular thrombi. Lodder et al^O
found no difference in the long term outcome between two groups of stroke
patients with NRAF in which one group was treated with anticoagulation and
the other was not.

From clinical studies it seems that NRAF of recent onset (< 1 year) carries an
increased stroke risk79/l53,208 Therefore the question arises whether the mere
presence of left auricular thrombus should be viewed as an additional risk. It
is possible that additional factors leading to the formation of a new thrombus
in fact cause the stroke. Such factors could be left atrial enlargement or
abnormal turbulences in the left atrium, some of which can cause spontaneous
contrast appearance on echocardiography. Although these factors have been
frequently discussed in the literature, the conclusions are controversial.

In NRAF, as in AMI, the most important strategy should be the prevention of
thrombus formation, because these thrombi seldom resolve after the initial
period74,86 in the presence of thrombi, prevention of superimposed throm-
bus formation might be crucial. Once thrombi become well-organized the risk
of embolization could diminish. In fact a reduction of the embolic potential of
chronic left ventricular thrombi has been reported.27/85,141
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Congestive heart failure also appears to increase the risk of embo-
lism.90,205,207,210
In 13-35% of patients with NRAF without clinical symptoms of stroke silent
cerebral infarctions have been diagnosed on CT scans. This indicates that a
substantial number of cerebral embolism in NRAF may go undiagnosed.
However, whether the frequency of asymptomatic infarctions differs between
cardioembolic and thromboembolic stroke, remains unclear. Whether silent
embolic cerebral infarctions predict future stroke is also unknown.56,57,105,157
In a recent study^7^ most of the asymptomatic infarctions were lacunar,
which may merely indicate the presence of a concomitant cerebral small-ves-
sel disease rather than silent cardiogenic cerebral emboli.
Stroke recurrence in NRAF may vary between 10-20% yearly with the risk
being especially high within the first two weeks according to somelQ*'*^ but
not to others.58,170 Recent results of four randomized trials addressing the
problem of primary stroke prevention have been published. These studies
were the "Copenhagen Atrial Fibrillation, Aspirin, Anticoagulation Study"
(AFASAK)155, the "Stroke Prevention in Atrial Fibrillation Study" (SPAF)189,
"Boston Area Anticoagulation Trial for Atrial Fibrillation" (BAATAF)22, and
the "Canadian Atrial Fibrillation Anticoagulation Study" (CAFA).** In all
four trials patients with general contraindications to anticoagulation or
aspirin, those with rheumatic heart disease, recent previous stroke or TIA, and
recent antithrombotic or aspirin therapy were excluded. Other exclusion
criteria employed in the individual studies are listed in Table 1. Table 2
summarizes the results of these studies. Patients in the AFASAK study had
the highest median age and received the most intensive anticoagulation.
AFASAK and SPAF studies also evaluated the efficacy of aspirin. Summariz-
ing the results the embolic rate in the anticoagulated patients ranged from
0.4% to 3.0% yearly, in the control groups from 3.7% to 7.5% yearly. The
relative stroke reduction ranged from 35% to 86%. The lowest reduction was
in CAFA, which was terminated early. The studies that continued for the
longest period showed significant stroke reductions of 58% to 86%. The
highest reduction was in BAATAF, the study with the lowest anticoagulation
level. Contrary to the AFASAK study, the SPAF study showed a significant
relative risk reduction in the aspirin-treated group, compared to the placebo
group. The lesser effect of aspirin in the AFASAK trial as compared to the
SPAF study could be related to the lower daily dose of aspirin (in AFASAK 75
mg daily versus 335 mg daily in SPAF); the higher mean age of the patients
(in AFASAK 74 versus 67 years in SPAF); and the higher percentage of
patients with congestive heart failure (in AFASAK 50% versus 15% in SPAF).
The studies mentioned above confirm the risk of stroke in patients with
NRAF, even when there was no effort made to identify low and high risk
groups. They proved that anticoagulation prevents thromboembolic events in
about two-thirds of these patients and that the reduction is the same in severe
strokes as in all strokes. The major rate of bleeding under warfarin therapy
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TABLE 1. Additional exclusion criteria in four "primary stroke prevention in AF' trials

AFASAK SPAF BAATAF CAFA

hyperthyroidism + +
AMI /LV thrombus + + +
treated coronary artery disease +
severe CHF + +
severe uncontrolled hypertension + +
intracardiac thrombus +
PAF +
loneAF +

AMI acute myocardial infarction; LV left ventricle; CHF congestive heart failure; PAF par-
oxysmal atrial fibrillation; AF atrial fibrillation

TABLE 2. Results of the four "primary stroke prevention in atrial fibrillation" trials

No. patients
age (years)
mean LAD
hypertension (%)
Ml (%)
CHF(%)
AC intensity (INR)
relat, stroke red. (%)
aspirin dose (mg/day)
relat, stroke red. (%)

AFASAK

1.007
74
—
33
8
51
2.8-4.2
58
75
15

SPAF

1.330
67
46
52
8
19
2.0-3.5
67
325
42

BAATAF

420
68
41
39
12
26
1.5-2.7
86
—
—

CAFA

378
68
41
51
13
22
2.0-3.0
35
—

LAD left atrial diameter; MI myocardial infarction; CHF congestive heart failure; DMR inter-
national normalized ratio

ranged from 0.8% to 2.5% yearly which is an acceptable incidence considering
the high percentage reduction achieved. The role of aspirin is under further
investigation at present.189 Until these results are known anticoagulation for
primary stroke prevention is the therapy of choice. The population most likely
to benefit appears to be patients with chronic NRAF, who are over the age of
50 years and do not have specific contraindications to this therapy. Young
patients with lone AF̂ O* and patients with paroxysmal AF^ may have a
lower risk of emboli and the benefits of anticoagulation in these groups
remain uncertain. Aspirin therapy as primary stroke prevention could for the
present be reserved for these patients and for those with contraindications to
warfarin. 28,190
Neither the efficacy nor the risks of anticoagulation in secondary stroke
prevention in NRAF are known so far. There is presently one ongoing trial.

40



the European Atrial Fibrillation Trial, which is examining the value of anti-
coagulation in secondary stroke prevention. A prospective evaluation of the
risks of early anticoagulation is reported in Chapter 7.

Marantic endocarditis (ME)

Marantic (non-bacterial, thromboric) endocarditis occurs in chronic malig-
nant and non-malignant wasting diseases including AIDS.43,122 It is associat-
ed with approximately 27% of ischemic strokes in patients with cancer.73^22
Clinical emboli complicate ME in some 30% of patients and are usually
multiple. In cancer they occur particularly during chemotherapy.^5,168 jhe
prothrombotic state is probably the most important cause of ME, whereas it is
usually associated with underlying valvular disease.'22 Therapeutic meas-
ures are mostly modified to match the individual needs of the patient. He-
parin is often recommended, based on empirical grounds. 122,160 However,
the value of anticoagulation has not been systematically studied.36

Atrial myxoma (AM)

AM is the most common heart tumour. It occurs predominantly between the
ages of 30-60 years.^'129 AM is associated with a 27-55% rate of embolic
complications, primarily to the brain. 128,175 The prevalence of AM in
stroke/TIA patients has been reported 1/359 to 1/891.18.30,175 Emboli are
mostly composed of tumour fragments and the therapy of choice is tumour
surgery.36 It is unclear whether patients awaiting surgery should be anti-
coagulated.37 (Metastases have only rarely been reported.1^)

Mitral valve prolapse (MVP)

Depending on the choice of criteria (auscultatory and echocardiographic)
2-6% of the general population have been reported to have MVP, most of
whom are young women.37 The most common cerebral ischemic events
associated with MVP are TIA's or small strokes, whereas large infarctions are
uncommon, unless NRAF is also present.92,180 n is difficult to establish a
causal relationship between the stroke and MVP in an individual patient.
Some have suggested that, whereas the majority of asymptomatic MVP has
no increased risk of embolic stroke, subpopulations in this group might have.
Whilst MVP is most common in young women, ischemic complications are
more frequent in older patients and in men7 Clinical and echocardiographic
findings, that may distinguish these subpopulations, are: age, male sex, re-
dundant and thickened mitral valve leaflets with associated mitral regurgita-
tion, tricuspid valve prolapse, and mitral annulus abnormalities.117,140,151,211
Recurrent cerebral embolization, usually TIA's, has been observed.^2 Based
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on the observation of platelet-fibrin emboli and fibrin activation, treatment
with platelet anti-aggregating drugs seems rational.^#36

Aneurysms and mural thrombi in healed myocardial infarction (MI)

Surgical and post-mortem studies showed that mural thrombi occur in about
50% of left ventricular aneurysms in healed MI.27,141 Recent echocardio-
graphic investigations confirmed these observations and related the embolic
potential to the shape of the thrombus; protruding or mobile thrombi being
more emboligenic.2''85,93,l 18,198 Whereas previous, retrospective studies re-
vealed a low embolic rate in patients with left ventricular aneurysm or
thrombus in healed Ml27,85,141̂  recent studies showed conflicting results.^?
Most emboli in these patients seem to occur between one and four months
after the Ml. Aggregate data suggest that anticoagulation may lower the rate
of embolism. Subsequent organization of the thrombus could explain the
temporal reduction of embolic risk.2 There are no data on the effect of platelet
anti-aggregating agents on stroke recurrence in these patients.^

Atrial septal aneurysm (ASA)

ASA is an area of localized bulging of the fossa ovalis in the left or the right
atrium. The frequent association with MVT suggests a possible laxity of
connective tissue.37,166 Concomitant small defects in the foramen ovale are
frequent. 12,182 individual case reports suggest that ASA can serve as an
embolic source and in one study it was diagnosed echocardiographically in
2% of patients with an embolism. 12,149,184

Congenital heart disease and paradoxical embolism

These are rare possible sources of cerebral embolic stroke, occurring in right
to left shunting in the heart or lungs. Patent foramen ovale, present in about
6% of all persons, could lead to intermittent right-left blood shunting during
Valsalva manoeuvre. In the presence of a peripheral venous thrombosis,
which, however, is often not clinically apparent cerebral emboli may
occur. 13,84,123 intermittent right to left shunting has been demonstrated echo-
cardiographically in 10-18% of these patients.3^76,127 in young adults with
unexplained stroke, patent foramen ovale has been found in 54-56%.3? Ther-
apy and prevention of recurrent embolism focuses on the treatment and
prophylaxis of the venous thrombosis. Anecdotal follow-up of these patients
has shown a low recurrence risk.13,84
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Calcified aortic stenosis (CAS)

Small, often retinal, calcified emboli have been reported in association with
CAS. In the absence of infective endocarditis or mitral valve disease brain
embolism only infrequently complicates CAS.5l.9l, 111,121 Other, more likely
sources of cerebral ischemia should be excluded before attributing the stroke
or TIA to CAS.36 Adequate therapy is unknown. Platelet anti-aggregating
agents have been suggested because of the observations of platelet-fibrin
deposits in surgical aortic valve specimens.188

Mitral annulus calcification (MAC)

MAC has been linked to cerebral ischemic events, particularly retinal emboli
and TIA's.21 Calcified emboli have been documented in some case re-
ports. 109,159,165 However, it is more likely that MAC is rather a sign of
generalized atherosclerosis, which caused the stroke. Unless calcified emboli
are found, the diagnosis of MAC as an embolic source should be regarded
with suspicion even if other stroke causes are not identified.36

In conclusion

g or cdiuiogemc Drain einDuli&m remains uirncult. [\eurolugical
symptoms, although by some suggested to predict cardiogenic brain emboli-
zation, are inaccurate. The same is true for cerebral CT criteria, with the
exception of lacunar infarctions, which even in the presence of a cardioem-
bolic source most probably result from small-vessel disease. The value of
some clinical and CT features as predictors of cardioembolic rather than
thrombotic stroke mechanism is evaluated in Chapters 2 and 3. Therefore, the
diagnosis of cardiogenic stroke is based on the presence of a cardiogenic and
embolic source and the absence of other stroke causes, including the fact that
the brain infarction should not be lacunar.20 This implies that the diagnosis
cardioembolic stroke should be based on the results of three tests (Table 3):
1. cerebral CT scanning: exclusion of lacunar stroke, and stroke in the basilary

artery territory
2. non-invasive pre- and cerebral vessel investigation; possibly additional

carotid angiography
3. cardiac evaluation

Cerebral CT scanning is almost always routinely performed in stroke patients.

Angiography of the involved carotid artery territory is a burdening procedure
for the patient with a certain, although small, risk. Non-invasive evaluation of
the common carotid artery and carotid bifurcation could be a useful alterna-
tive. Good diagnostic yield is only achieved in luminal stenosis of approxi-
mately 50% or more. More sophisticated non-invasive equipment might
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TABLE 3. Diagnostic management of patients with ischemic stroke/TIA

STROKE

neurological examination

CT-scan non-ischemic

infarction / TIA

<50 years *

I
2D heart echo

normal

I
pat. age

cardiac history/examination
X-ray thorax

ECG abnormal

abnormal normal

• >50 years

1
no ancillary cardiac

screening

1
Duplex/angiography

in selected cases

I
ancillary cardiac testing

according to clinical findings

normal

treat angiography
accordingly

abnormal normal

I i
treat transoesoph.

accordingly 2D heart echo

•* >50 years

I
Duplex/ Angio

in selected
cases

treat
accordingly

diagnose small carotid lesions^, but is not widely available. For clinical
purposes, diagnosis of a high grade stenosis, reliably done by non-invasive
testing, is of the most relevance, because the risk of stroke correlates with the
degree of internal carotid stenosis. One recent study showed that patients
who suffer a TIA or a minor stroke and who have a carotid obstructive lesion
of 70% diameter reduction benefit from carotid artery endarterectomy.52
Therefore non-invasive tests are most valuable and valid in screening TIA and
minor stroke patients.
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Ancillary cardiological tests are indicated when there are signs or symptoms
of cardiac disease. In the absence of these, the yield of further testing is low.i '3
The main risks of anticoagulation in early stroke are the induction of hemor-
rhagic transformation and brain hemorrhage, leading to clinical deterioration.
The risks and the value of anticoagulation in stroke recurrence prevention in
NRAF patients is currently being studied in the European Atrial Fibrillation
Trial. However, this trial will not answer the question of the optimal timing
of the start of anticoagulation treatment. Chapter 7 deals with the safety of
early anticoagulation in stroke patients with NRAF.

Fibrinolytic therapy in acute stroke remains controversial, even though ani-
mal studies did not show an increase of intracerebral hemor-
rhages.41'126,214,215 These studies would imply that very early reperfusion by
thrombolysis is not associated with an increased risk of hemorrhagic transfor-
mation of the infarction. Reports on clinical application of thrombolytics in
the very early stage of stroke seem to support this.'36'̂ **'2l2,2l6 Late treatment
with thrombolytic agents, however, does increase the frequency of infarction-
related hemorrhage.^85 Occasional reports of "late" thrombolysis in man
usually involve severe infarctions with a very bad prognosis, whereas the
patients often receive the treatment rather late."'' However, some patients
died from massive brain edema following early thrombolysis after non-mas-
sive initial stroke.HO These observations underline that caution should be
taken in extrapolating results from animal models to man. A large multi-
centered European Trial is currently being planned.

The tables 3, 4 and 5 show schematically the approach in patients with
presumed cardioembolic stroke sources.
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TABLE 4. Primary stroke prevention.

Frequent embolic sources
non-rheumatic atrial fibrillation

anterior and apical AMI .
with -aneurysm :

- atrial fibrillation
- congestive heart failure

interior AMI

Less frequent sources
rheumatic heart disease
mechanic prosthetic valves
dilated cardiomyopathy

bacterial endocarditis
(anticoagulation possible,
however, the bleeding risk is high)

Other cardiac conditions
congenital septal defect/

paradoxie emboli

marantic endocarditis

MVP, MAC
calcified aortic stenosis

heart aneurysm in remote MI
(atrial) myxoma

anticoagulation (alternative: aspirin)

anticoagulation

anticoagulation
(alternative: aspirin)

no anticoagulation

anticoagulation
anticoagulation
anticoagulation

antibiotics

anticoagulation for
venous thrombosis

anticoagulation

aspirin 80 - 300 mg/d

no anticoagulation
surgery

TABLE 5. Secondary stroke prevention (after TIA or stroke)

In general: all patients can receive aspirin 80 - 300 mg/d

Presumed cardioembolic stroke
anterior and apical AMI
rheumatic heart disease
prosthetic valves
dilated cardiomyopathy
non-rheumatic atrial fibrillation

Stroke due to carotid stenosis:

Lacunar stroke:

anticoagulation
anticoagulation
anticoagulation
anticoagulation
? (AC often given on empirical grounds)

aspirin, endarterectomy

aspirin
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Recent studies suggest that early anticoagulation for secondary stroke pre-
vention can safely be used in presumed cardioembolic strokesAH^l^SO The
timing of such treatment, however, remains controversial.9,12,13,15,18,44 inci-
dental clinical reports on cerebral complications of anticoagulant ther-
apy4/9,12,14,37 and autopsy studies support the fear of such complications
because a high rate of hemorrhagic infarction was related to embolic
stroke.l'16,28 On CT, however, early hemorrhagic infarction is rarely
seen8-25,39,40 even in presumed embolic stroke (Chapter 3).H'2l«30 Further-
more, hemorrhagic infarction is most prevalent in large infarctions with mass
effect.24/31 Presumed embolic strokes result relatively often in large infarc-
tions with a bad outcome. 10,17,27,28,35,36 Therefore, autopsy findings are prob-
ably biased towards establishing a high rate of embolic cause in cases with
hemorrhagic infarction. The fact that many more embolic strokes are found in
autopsy studiesl'5'16,27 than in clinical and epidemiological studiesiO'20,32,41
also supports such a bias. Alternatively, the incidence of clinical emboli may
be underestimated because of the difference between autopsy and clinical
criteria for cardioembolic infarction. Moreover, CT may miss minor hemor-
rhagic infarction. On the other hand a substantial number of patients with
clinically diagnosed presumed cardioembolic stroke have concomitant caro-
tid artery disease as a possible source of their strokeA?,l 1,19,22 Clinically the
number of presumed cardioembolic strokes may well be overestimated. If the
presence of hemorrhages in an infarction depends on its size, hemorrhagic
infarction should be seen more often in patients who die from the direct
consequence of the large infarction, namely from cerebral herniation, regard-
less of the cause of the infarction itself. We therefore, studied the incidence of
hemorrhagic infarction in patients with and without brain herniation, in a
consecutive autopsy series of ischemic stroke.

METHODS

Clinical data and autopsy findings of patients who died within 15 days
following a supra-tentorial, non-lacunar, focal cerebral ischemia between
01-01-1979 and 01-01-1985 were evaluated. On pathological examination the
cerebral infarction compatible with the recent stroke was listed as either
ischemic necrosis (IN), or as hemorrhagic infarction (HI) when on both mac-
roscopical and microscopical examination a (partial) hemorrhagic infarction
was present.^ The extent of hemorrhage was judged as "small", if one or
more small areas of petechial hemorrhages were present, or as "large" when
areas of confluent hemorrhages were observed. Examples of both categories
are represented in Figures 1 and 2. The cause of death was judged to be either
"cerebral" when death had resulted directly from brain herniation, or "non-
cerebral" when death had resulted directly from another cause such as:
pneumonia, myocardial infarction, pulmonary embolism, etc.
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FIGURE I. Small areas of petechial hemorrhages (-•) within a
large infarction in the territory of the left internal carotid artery
with destruction of a large part of the temporal pole and a pseu-
docyst (*) due to thrombosis.
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FIGURE 2. Large confluent hemorrhages ("•) within an extensive
leftsided infarction in the territory of the medial cerebral artery
due to cardioembolism. In the contralateral hemisphere an infarc-
tion scarr and enlargement of the ventricle can be seen.
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Although the study was partly retrospective, it was possible to gather all the
data, apart from two cases, because they were systematically mentioned in the
pathologist's report. Patients records were reviewed for the following fea-
tures: patient's age and sex; number of days between stroke and death;
presumed cardioembolic cause of the infarction on clinical grounds such as:
rheumatic heart disease, paroxysmal or chronic a trial fibrillation, mitral valve
stenosis or prosthesis, myocardial infarction in the preceding two weeks, and
myocarditis; whether the cause of death was "cerebral" when the patient had
died from brain stem, or uncinate herniation^, or "non-cerebral". On the
basis of clinical and autopsy data the definite cause of death was established,
and if doubt existed the most probable cause was selected. We considered the
question of when anticoagulation should be started in patients with car-
dioembolic stroke as most relevant. Therefore, we made the diagnosis "pre-
sumed cardioembolic stroke" on clinical grounds. No attempt was made to
separate embolic strokes caused by other criteria since this would not effect
the clinical decision about anticoagulation. The statistical comparison of the
two groups (with or without presumed cardioembolic stroke) was performed
by means of a two-tailed RIDED test and X* test.

RESULTS

Data are expressed as median with range. There were 25 males and 23 females
aged: 73 (39-90) years. Interval from stroke till death was 6 (0-15) days for all
cases, 4 (0-14) days for patients dying from brain herniation, and 8 (0-15) days
for patients dying from non-cerebral causes (p<0.01; two-tailed RIDED test).
Non-cerebral causes were: pneumonia: 8, myocardial infarction: 6, pulmo-
nary embolus: 2, sepsis/shock: 3, hepatic coma: 1, diabetic coma: 1. The
number of cases with cerebral or non-cerebral cause of death, and the corre-
sponding numbers of either HI or IN are shown in table 1. Almost all patients
with HI at autopsy died from brain herniation (15/16, = 94%). Fifteen of 27
patients (56%) who died from brain herniation had HI at autopsy against one
of 21 patients (5%) who died from a non-cerebral cause (p<0.001; X^-test).

TABLE 1: Autopsy findings in patients who died within 15 days following a supra-tentorial
brain infarct, from brain herniation or from a non-cerebral cause.

brain herniation: 27

Brain infarction: 48

non-cerebral death: 21

HI = hemorrhagic infarction; IN = ischemic necrosis
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TABLE 2: Autopsy-findings in patients with, and without a cardioembolic stroke dying
within 15 days following the stroke.

^ ^ - HI: 9
brain herniation: 14 < d T ^

_ ^ - ~ ^ - IN: 5
Cardioembolic stroke: 19

^ ^ _ _ ^ - HI: 1
non<erebral death: 5 < C [ ^

^ ^ — IN: 4

^ ^ - HI: 6
brain herniation: 13 < ^ ~

-*• DM: 7
Non-cardiac caused stroke: 29 '

^ ^ , HI: 0
non<erebral death: 16 < ^ ^

- - ^ IN: 16

HI = hemorrhagic infarction; IN = ischemic necrosis

Table 2 gives the data on the cause of death, and the aspect of the infarction
at autopsy; separately for patients with a presumed cardioembolic cause of
stroke and patients without such a cause (63%). Ten of 19 (53%) with a
cardioembolic stroke had HI at autopsy against only six of 29 cases (21%) in
the remaining group (p<0.05; X^-test). However, 14 of 19 patients (74%) with
a presumed cardioembolic stroke died from brain herniation against 13 of 29
(45%) with a nonordiac cause. Since we expected the difference in this
direction, one-tailed testing sufficed to establish the difference to be signifi-
cant below the five per cent level (X^-test). In patients dyi ng from brain
herniation HI was equally present in the group of cases with a presumed
cardiac stroke cause (9/14, = 64%), and those without such a cause of stroke
(6/13, = 46%).
However, in these patients six of the nine with a presumed cardioembolic
stroke had large confluent hemorrhages, compared to only two of the six
patients with a non-cardiac cause of stroke.

DISCUSSION

The discussion on the timing of anticoagulant treatment in presumed car-
dioembolic stroke has not been settled2<2l,37 One of the arguments against
early anticoagulation comes from autopsy findings. The close relationship of
hemorrhagic infarction with presumed cardioembolic stroke leads to the fear
that anticoagulation would induce cerebral bleeding. The concept of hemor-
rhagic infarction indicating an embolic cause was introduced by Fisher and
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Adams.16 In an autopsy series they found that 63 hemorrhagic infarctions
(95%) had an embolic cause, and 66 of 132 embolic strokes (54%) were hemor-
rhagic infarctions. The authors neither mentioned the interval from stroke till
death nor whether patients died from brain herniation. They did not define
"embolic stroke", but most probably they referred to cardioembolic strokes.
Because Fisher and Adams found no obstruction in the feeding vessel to the
infarcted area in ten cases, they suggested that reperfusion of the infarcted
area was a pathophysiological mechanism of hemorrhagic infarction. This
concept was further validated by autopsyl-28 and angiography studies.26,42
At autopsy Adams and Van der Eeckenl found hemorrhagic infarction in 26
of 57 cases (65%) after a cardioembolic stroke. They also did not mention the
interval between stroke and death, nor the direct cause of death. Jörgensen
and Torvik^S found a cardioembolic cause in 42 of 54 (78%) hemorrhagic
infarctions, and hemorrhagic infarctions in 42 of 59 (71%) cardioembolic
strokes. Aggregated data of the three above-mentioned studies indicate that
134 of 239 (56%) embolic infarctions were hemorrhagic, and 105 of 120 (88%)
hemorrhagic infarctions had a cardioembolic cause. If more than half of all the
clinically diagnosed presumed cardioembolic strokes consisted of hemor-
rhagic infarctions, then there is a valid argument against starting anti-coagu-
lation early after such a stroke. However, the following arguments dispute
this extrapolation. In the series of Jörgensen and Torvik,^ 47 per cent of 79
"recent" large infarctions had a cardioembolic cause as opposed to only 19 per
cent of 120 "old" lesions. Obviously, patients with a cardioembolic stroke had
a greater chance of dying and consequently coming to autopsy than patients
with brain infarctions from other causes. Recent clinical studies indicate
likewise. 10,17,35,36 Since CT studies indicate that hemorrhagic infarction is
related to large infarctionsi2,3i, hemorrhagic infarctions found at autopsy are
likely to have had a cardioembolic origin. The finding of far more cardioem-
bolic strokes in autopsy series than in clinical and epidemiological studies
further suggest such a bias. 10,20,32,41
In the present series 63% of cases with hemorrhagic infarction had a presumed
cardioembolic cause, which is somewhat lower than in the above mentioned
studies. Fifty-three per cent of patients with a presumed cardioembolic stroke
had a hemorrhagic infarction at autopsy against only 21 per cent without such
cause. However, almost all cases with hemorrhagic infarction died from brain
herniation. Patients with a presumed cardioembolic origin of stroke died from
brain herniation more often than those without. In cases who died from brain
herniation, hemorrhagic infarction was equally frequent in the group with a
presumed cardioembolic cause of stroke, as it was in the group without such
a cause. Therefore, the relative finding of a high rate of hemorrhagic infarction
in fatal cardioembolic strokes is related to the higher rate of brain herniation
as the cause of death after such a stroke, relative to fatal strokes caused
otherwise. However, until now the degree of HI was not considered in
relating HI to a cardioembolic cause. Hart23 suggested that hemorrhagic
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infarctions with extended hemorrhages are most probably due to a cardio-
genic embolus. Although our numbers are small, they support Hart's sugges-
tion: of the patients who died from brain herniation six of nine cases with
larger hemorrhages had a presumed cardioembolic cause, against only two of
six cases without such a cause. Thus, although autopsy studies are biased
towards relating HI to a cardioembolic cause, compared with non-cardiac
strokes fatal cardiogenic emboli may result more often in HI with extensive
hemorrhages.
Whether the same is true for non-fatal cardioembolic strokes and, if so,
whether this finding would effect the anticoagulant treatment regime remains
to be shown. Until then, the view of Toole^, that the outcome of autopsy
studies should not be used as an argument against early anticoagulant treat-
ment in cardioembolic stroke, still stands. Chapter 7 deals with the question
of whether early anticoagulation is indeed safe or H2l293l
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Some neurologists consider CT to be of value in separating cardioembolic
causes of ischemic stroke from other causes, based on whether hemorrhagic
infarction is present or notA? However, this possible value of CT also de-
pends on the incidence of hemorrhagic infarction in patients with cardioem-
bolic stroke in general. Several studies indicate that the incidence of early
hemorrhagic infarction in cardioembolic stroke is less than ten per cent/-
4,8,10,12,14 Thus in less than ten per cent of patients with a stroke presumably
caused by embolism from the heart, CT could be of value in making this
diagnosis, solely on the presence of hemorrhagic infarction. However, these
studies were small or retrospective, and in some of them CT was performed
at different intervals after the stroke. More recent studies with serial CT
scanning have shown that eventually up to approximately 40 per cent^-n of
presumed cardiogenic strokes may become hemorrhagic. A comparison with
(non-lacunar) thromboembolic stroke patients has not been done so far. Estab-
lishing a cardioembolic cause of stroke at an early stage could be relevant if
this were to influence patient management, such as e.g. early anticoagulation.
Therefore, we studied early CT findings in a prospective series of 103 consecu-
tive stroke patients with a potential cardiac source of embolism who would
possibly benefit from early anticoagulant treatment.

PATIENTS AND METHODS

Patients with a supratentorial, presumably cardioembolic brain infarction
with symptoms lasting longer than 24 hours were included in a prospective
study on early anticoagulants (AC). Prior to AC CT was performed on all but
one patient. Excluded from AC-treatment were patients with general contra-
indications to AC, such as a bleeding tendency, hepatic failure, alcoholism or
prior spontaneous gastrointestinal or cerebral bleeding. AC was delayed in
some patients with the following features, until these disappeared: a) diastolic
blood pressure higher than 105-110 mm Hg; b) impaired consciousness; c)
hemorrhagic infarction (HI) on CT; d) large infarctions with space-occupying
effect on CT, such as: flattening of sulci, ventricle compression, or shift of
midline structures. Because our aim was to study the frequency of HI on early
CT in patients considered for early AC, cases with contraindications for such
treatment were not included in the present study, unless these contraindica-
tions had resolved within 15 days following the onset of the stroke. Cardioem-
bolic stroke was diagnosed if one or more of the following features were
present: rheumatic heart disease, persistent or transient atrial fibrillation (AF),
recent anterior or apical myocardial infarction, mitral stenosis, valve prosthe-
sis, left ventricular aneurysm, atrial septal defect, intracardiac manipulation.
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RESULTS

Data are expressed as median with range. There were 58 males and 45 females,
aged: 73 (43-87) years. Cardiac source for embolic stroke is shown in Table 1.
Twenty-six patients had delayed AC-treatment for the following reasons:
impaired consciousness: 6; initially elevated blood pressure that was con-
sidered to increase the risk of cerebral bleeding: 5; patient or doctor delay: 2;
transient AF discovered later: 2; HI on CT: 4; no specific reason: 7. Treatment
delay was 5 (1-15) days. CT-findings are shown in Table 2. CT was performed
within 24 hours following stroke onset, except for ten cases in whom AC was
delayed for 3 (2-10) days.

TABLE 1: Cardioembolic cause of stroke in 103 patients (AF = atrial fibrillation).

Cardiac cause Patients

Persistent or transient AF 71
Myocardial infarction plus AF 3
Mitral stenosis with or without AF 5
Mitral insufficiency plus AF 9
Valve prosthesis 2
Recent myocardial infarction 7
Left ventricle aneurysm 3
Miscellaneous 3

TABLE 2: CT-findings prior to early anticoagulation in 103 cardioembolic stroke patients.
Early CT: CT performed within 24h. following stroke onset. Delayed CT: CT delayed for
3(2-10) days.

CT-findings Early CT Delayed CT
(N=93) (N=10)

Infarctions 58 8
No lesion 35 2

Cortical infarctions 45 5
Small deep infarctions 13 3

Hemorrhagic infarctions 4 1
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DISCUSSION

It is important to identify cardioembolic cause in stroke patients because such
patients should be, either in or out of trials, considered for anticoagulant
treatment. The beneficial effects of such treatment remain debatable. 16-lfJ A
stroke is considered to be cardiogenic if the patient has a potential cardioem-
bolic source. However, a substantial number of patients may have significant
carotid lesions which may also be a source of embolism.l^»? Therefore, in
general the diagnosis "cardioembolic stroke" cannot be made accurately.
Some consider CT to be a valuable tool in identifying patients with a car-
dioembolic cause of stroke: approximately 75 per cent of patients with HI on
CT had cardiogenic embolism as a probable cause of their stroke.^! 3 How-
ever, using this sole finding to diagnose cardioembolic stroke leads to the
wrong diagnosis in at least 25 per cent of cases or more, because not everyone
found a difference in the number of Hi's in stroke patients with and without
a potential cardioembolic source.2 Furthermore, the relevance of a link be-
tween HI on CT and cardiogenic embolism for the management of patients
with cardioembolic stroke also depends on the incidence of HI in such pa-
tients. In some studies repeated CT revealed HI in as many as 43 per c e n t a l 1
However, these series were small and CT was done without aiming at specific
management options. We found HI in only five per cent of our patients in
whom early CT was performed to decide on specific treatment. Obviously, if
the sole presence of HI on CT is considered to indicate cardiogenic embolism
as the cause of stroke, then cardiogenic embolism would only be diagnosed in
a small group of stroke patients. It is clear that the clinical criteria, however
fallible they may be, are considered to be of vital importance in deciding
whether or not it was the heart that caused the stroke.? In fact, the diagnosis
"cardiogenic embolism"in studies which linked the presence of HI on CT with
a cardioembolic cause of stroke were also based on the same imperfect clinical
grounds. Thus it may be concluded that the sole finding of HI on CT will never
be more accurate than the clinical criteria. Therefore, in our opinion the
finding of HI on CT does not add any significance in ascertaining a cardioem-
bolic cause of stroke. The value of CT in relation to stroke possibly caused by
cardiogenic embolism does not lie in its formerly supposed ability to differ-
entiate between cardioembolic and other causes of ischemic stroke, but in the
possibility of minimizing the risk of early anticoagulant treatment in patients
with such a stroke (Chapter 7).'* The odds of hemorrhagic infarction on CT,
major neurological deficit (Rankin 5) and the presence of large infarction, in
predicting a potential cardioembolic stroke source, were calculated by logistic
regression analysis in Chapter 4.
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Recognition of a cardioembolic stroke mechanism soon after stroke may be
relevant regarding differences in management options between cardiogenic
and atherothrombotic brain infarctions, as well as for early intervention trials.
A cardioembolic stroke mechanism is generally inferred from the presence of
a distinct cardiac feature known to serve as a potential source of embolism.
Such a cardiac source of embolism is not always recognized early, because of
its paroxysmal character as in some cardiac rhythm disturbances, or because
it requires ancillary cardiac investigation, for example cardiac echo, to be
detected. Some clinical and CT-scan features, such as severe neurological
deficit, large infarction size on CT, or hemorrhagic infarction on CT, have
been suggested to point to a cardioembolic stroke cause.^-^-16,22,25 How-
ever, the few studies on the value of the different features in predicting
cardioembolic stroke used prospective, well-defined stroke subgroups23,26^
and therefore the value of these features in differentiating between athero-
thrombotic and cardioembolic stroke cause remains debatable.
By multivariate logistic regression analysis of data from a prospectively
registered series of patients with a first supratentorial brain infarction, we
evaluated several early clinical and CT-scan features in predicting a car-
dioembolic stroke cause.

MATERIALS AND METHODS

Patients with a first, supratentorial brain infarction were entered into a pros-
pective registry between July 1987 and August 1990. Brain infarction was
defined as focal neurological signs with rapid onset, lasting longer than 24
hours or leading to death, and with no apparent cause other than vascular.^
When neither CT scan nor autopsy was available, we used the Guy's Hospital
Stroke Diagnostic Score to predict the probability that the stroke was due to
infarction. Infarction was diagnosed when the score was less than 4, which
means a 90 per cent probability that the stroke was due to infarction.^ After
clinical examination and CT scan, distinction was made between lacunar
infarction and infarction involving the cortex.8 Infarction involving the cortex
was considered as cardioembolic in the presence of a potential cardiac source
of embolism, such as: persistent or intermittent atrial fibrillation, rheumatic
heart disease, mitral stenosis, mitral or aortic valve prosthesis, left ventricular
myocardial infarction within the preceding six weeks, left ventricular
aneurysm, endocarditis, cardiac myopathy, ventricle septal defect. In the
absence of such cardiac disease a brain infarction was considered as athero-
thrombotic regardless of the results of carotid ultrasound, unless another
obvious cause could be indicated (e.g. arterial dissection, vasculitis, clotting
disorders, etc.), in which case it was labelled as miscellaneous. No attempt
was made to separate thrombosis in situ and artery-to-artery embolism.
Patients with a large, deeply located (striatocapsular) infarction were in-
cluded in the cortical infarction group because of the similarity of the clinical
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features and underlying pathophysiology.^? For the purpose of our study,
which was to investigate whether major neurological deficit, the presence of
hemorrhagic infarction on CT, the size of the infarction on CT, and the absence
of obstructive carotid lesions, predict cardioembolic rather than athero-
thrombotic stroke cause, patients with miscellaneous stroke causes and those
with lacunar infarctions were excluded. We aimed at performing carotid
ultrasound investigations in all patients, either by means of multigated pulse
Doppler, Duplex or continuous wave Doppler, all of which reliably predict
carotid stenosis >50%.10 However, a number of patients did not undergo
these tests because they were too ill to cooperate, had major cognitive defects
that did not allow reliable examination, or died before the ultrasound could
be performed. In some patients the ultrasound examination was not per-
formed, without a specific reason. Based on the initial neurological examina-
tion a Rankin score was established in each patient.* Hemorrhagic infarction
on CT was defined as small areas of patchy, linear or curvilinear hyperdensi-
ties within a larger hypodense area compatible with an arterial territory.18
The size of the infarction was classified as "large" when an infarction involved
most of the area supplied by one of the three main cerebral arteries, "mod-
erate" when it was restricted to a medium size branch division, and "small"
when confined to a smaller branch area. Striatocapsular infarctions were
labelled as "moderate". In order to allow for possible differences in stroke risk
factors associated diseases such as hypertension, diabetes mellitus, and
ischemic heart disease were noted. Hypertension was defined as known
hypertension whether or not treated with anti-hypertensive medication, or
two or more blood pressure recordings higher than 160/90 on at least two
different occasions before, or at least one week after the stroke. Diabetes
mellitus was defined as known diabetes treated either with diet and/or
medication, or fasting serum glucose higher than 6 mmol/1 measured on at
least two separate occasions; ischemic heart disease was defined as a history
of angina pectoris, myocardial infarction or coronary bypass operation.
Age, sex, Rankin score, infarction size on CT, the presence of hemorrhagic
infarction on CT, and the presence of a homolateral obstructive carotid lesion,
were fed into a logistic regression model for the measurement of independent
association of these variables with a cardioembolic cause of stroke. For the
analysis, age was considered in three categories of approximately equal size:
younger than 70 (n=87), 70-80 (n=70), or over 80 years (n=61). Statistical
analysis was performed using BMDP statistical software package. We also
compared different features between the cardioembolic and thromboembolic
infarction group, and possible association between different variables, by
means of odds ratio (OR) with a 95% confidence interval (CI).
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RESULTS

During the study 373 patients were entered. One-hundred-forty-three
patients had lacunar, 12 miscellaneous, 137atherothrombotic, and 81 a cardio-
embolic stroke cause. Thus, 218 patients (cardioembolic plus atherothrom-
botic stroke patients) entered the ultimate study. Two-hundred-seven
patients had CT, 116 were seen by a cardiologist, 62 had cardiac echo, and 37
a 24-hours ECG. Overall 64% (139 patients) had non-invasive carotid studies
done whereas in five more patients angiographical findings were available
(2%); 22 per cent had continuous wave Doppler, 75 per cent had either
multigated pulse Doppler or Duplex study. Mean age in the thromboembolic
group was 69.8 (SD 12.7) years, and in the cardioembolic group 73.9 (SD 10.1)
years. The male/female ratio was 0.65 in the thromboembolic, and 1.63 in the
cardioembolic group (OR: 0.40; 95% CI: 0.22-0.72; p = 0.01). Potential car-
dioembolic causes of stroke were: persistent or paroxysmal atrial fibrillation:
68 (2 had mitral stenosis, 1 recent myocardial infarction, 1 cardiomyopathy);
recent myocardial infarction: 6 (1 had cardiomyopathy); valve disease or
prosthesis: 3; cardiomyopathy: 2; endocarditis: 1; ventricle septal defect: 1;
seven patients had two features. Table 1 compares the numbers of patients
with the different features between the two different stroke subgroups.
Female gender, a history of ischemic heart disease, severe early deficit indi-
cated by a Rankin score of 5, and large infarction on CT were significantly
more frequent in the cardioembolic stroke group, whereas the frequency of
significant ipsilateral internal carotid artery obstruction was significantly
lower. Table 2a shows the logistic regression odds ratios with 95% CI as
parameter for the association of several diagnostic variables with cardioem-

TABLE 1: Number of different features in 81 patients with cardioembolic, and in 137 with
atherothrombotic stroke. Missing numbers are indicated. Percentages between brackets.
COR = crude odds ratio. CI = confidence interval. COR >1: more often in the cardioembolic
group.

female
hypertension
diabetes mellitus
ischemic heart disease
Rankin 5
large infarction on CT
hemorrhagic infarction
carotid obstruction

cardioembolic (81)

N

49(60)
28(35)
10(12)
30(37)
43(53)
22(29)
7(9)
3(8)

missing

0
0
0
0
0
4»
4»
43»

atherothrombotic (137)

N missing

52(38) 0
59(43) 0
23(17) 0
27(20) 0
50(37) 0
20(15) 7»
13(10) 7'>
43(32) 31»

COR (95% Q)

2.50(1.42-4.40)
0.70(0.37-1.33)
0.70(0.25-1.94)
2.40(1.26-4.57)
2.02(1.12-3.65)
2.20(1.05-4.54)
0.90 (0-12.7)
0.11(0.03-0.42)

1) no CT performed; 2) no carotid ultrasound performed
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TABLE 2. Logistic regression odds ratios with 95% confidence interval as parameters for the
association of several diagnostic variables with cardioembolic versus atherothrombotic in-
farction: results of non-invasive carotid test included (2a) or excluded (table 2b). OR >1>
more strongly associated with cardioembolic stroke cause. 95% CI not including 1.00 •
statistically significant difference.

TABLE 2a

OR 95% Q

age* 70-80 yean
> 80 years

female gender
hypertension
diabetes mellitus
ischemic heart disease
Rankin 5
large infarction on CT
hemorrhagic infarction
carotid obstruction

0.89
1.16
1.%
0.96
0.30
2.34
1.28
2.43
0.58
0.12

0.39-1.99
0.46-2.94
0.96-1.04
0.47-1.95
0.10-0.87
1.09-5.01
0.62-2.66
0.73-8.11
0.17-2.02
0.03-0.46

TABLE 2b

OR 95% CI

age» 70-80 years
> 80 years

female gender
hypertension
diabetes mellitus
ischemic heart disease
Rankin 5
large infarction on CT
hemorrhagic infarction

1.28
1.78
2.53
0.79
0.39
2.18
1.32
2.28
0.52

0.61-2.67
0.79-4.04
1.30-4.92
0.41-1.53
0.15-1.04
1.07-4.47
0.67-2.60
0.76-6.87
0.16-1.67

• as compared with age group < 70 years

bolic versus atherothrombotic brain infarction. The presence of diabetes mel-
litus predicted atherothrombotic stroke, whereas a history of ischemic heart
disease was more than two times more likely to be associated with cardioem-
bolic stroke. Severe early disability (a Rankin score of 5), large infarction size
on CT, or hemorrhagic infarction on CT did not appear to be predictors of
cardioembolic stroke cause. The absence of significant ipsilateral carotid dis-
ease was highly predictive of a cardioembolic cause. From an analysis leaving
the carotid lesion data out (Table 2b), female sex, and ischemic heart disease
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(statistically significant) appeared to independently predict a cardioembolic
stroke mechanism.

DISCUSSION

We found a history of ischemic heart disease to be an independent predictor
of a potential cardioembolic stroke cause, whereas diabetes mellitus and
especially significant ipsilateral internal carotid artery disease were negative
predictors of such stroke cause. Because non-invasive carotid testing was not
always available or performed early following the stroke, we performed a
separate analysis leaving this item out. From that analysis female sex, and a
history of ischemic heart disease were found to be associated with cardioem-
bolic stroke cause. Patients without carotid ultrasound in our study were
older and more severely handicapped than those subjected to such tests, and
therefore they may have had a higher chance of having carotid stenosis,
biasing the number of patients with carotid obstruction towards the lower end
in the cardioembolic stroke group. However, the same is true for the
atherothrombotic group, although the number of patients without ultrasound
was lower in the latter group. In contrast with otherŝ -14-16,22,25^ vve did not
find hemorrhagic infarction, large infarction size on CT, or severe initial
handicap to be predictors of cardioembolism. Hemorrhagic infarction on
repeated CT-scanning might argue in favour of cardioembolism14/22, but,
when eventually found, would not influence early management. The high
frequency of hemorrhagic infarction found in autopsy studies may merely
reflect the association between a hemorrhagic component and large infarction
size, not thereby reflecting the situation in patients surviving their stroke.20
The absence of an association between major deficit, large infarction size or
hemorrhagic infarction on CT, and cardioembolic stroke cause in our study
which is in contrast to the results of others, may also have been influenced by
our exclusion of patients with vertebrobasilar or lacunar infarctions. Lacunar
infarctions are not likely to result from cardioembolism, whereas they are
generally not only milder but virtually always lack a hemorrhagic com-
ponent.3.8/19 Vertebrobasilar stroke is also less likely to result from cardioem-
bolismS, whereas hemorrhagic infarction in this area is probably very
infrequent. The differences concerning some clinical and CT features between
stroke patients with and those without a cardiac source of embolism in the
study of Bogousslavsky et aP are possibly due to the inclusion of verte-
brobasilar and lacunar infarction patients. Caplan et aP*, excluding lacunar
infarctions, found early hemorrhagic infarction to be rare. They also found no
differences with regard to severe deficit between patients with or without a
cardiac source of embolism, and like us, found a history of ischemic heart
disease to be associated with cardiogenic embolism. Bogousslavsky'' and
Ramirez-Lassepas23 found no clinical symptoms that reliably differentiated
between patients with and those without a potential cardiac source of em-
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bolism in respectively 205 patients with carotid TIA's who underwent angio-
graphy, and 193 patients with brain infarction. Using logistic regression
analysis D'Olhaberriage et al̂ 2 found the duration of prior TIA and stroke
onset during activity to be independent predictors of a cardioembolic stroke
mechanism. However, such a mechanism was defined as atrial fibrillation in
the absence of demonstrable significant carotid disease. As such, the inde-
pendent variables D'Olhaberriage et al identified may merely have been
predicting the absence of carotid lesions in stroke patients with atrial fibrilla-
tion. Besides this, the reliability of anamnestic features such as the duration of
possible TIA in the past, may be low in patients with severe deficit. Timsit et
al̂ 6 found in comparing 246 cardioembolic large-vessel atherosclerotic brain
infarctions from the Stroke Data Bank, fractional arm weakness to be an
independent predictor of atherosclerotic stroke cause, and reduced conscious-
ness an independent predictor of cardioembolic stroke source. However, the
study excluded patients with a potential cardioembolic source who had nor-
mal CT, and a presumably large group of atherosclerotic infarction patients
who did not have a carotid stenosis 80%. Therefore, the results do not apply
to unselected brain infarction patients. Moreover, lacunar infarctions were not
excluded. Nevertheless, the results of Timsit et al suggest that the presence of
a high-grade carotid stenosis strongly predicts atherothrombotic rather than
cardioembolic stroke cause. This is in line with our study in which the odds
favouring cardiogenic embolism were eight times higher than those favouring
atherothrombotic cause in the absence of an ipsilateral carotid stenosis. Kitt-
ner et al*? found that the presence of cortical signs, and a diminished level of
consciousness were predictive of cardioembolic stroke. Their findings may,
however, be explained by the fact that their series contained lacunar infarc-
tions in which both a cardioembolic stroke cause and cortical symptoms are
infrequent, as they indicated.

When discussing features predicting cardioembolic stroke cause, it should be
stressed that even in the presence of a potential cardiac source of embolism
differentiation from atherothrombotic cause remains a matter of estimating
chances. Certain clinical features and findings from ancillary investigations
may lower or increase the chance of either mechanism, but will not allow for
full certainty in individual patients. Even pathological studies cannot fully
solve the problem. Apart from the fact that such studies are scarce^, the results
may not be fully extrapolated to patients who survive their stroke. Pathologi-
cal differentiation between thrombus and embolus cannot always be made
reliably, whereas if embolism is diagnosed, its origin is not always clear. One
could question the need to predict a potential cardiac source of embolism in
stroke patients. In many such patients the potential stroke cause may be
evident from the start, either because the patient is known to have cardiac
disease, or a cardiac source of embolism is found on admission or detected by
additional cardiac testing. Some cardiac tests, however, such as 24 hour-ECG
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monitoring can only be performed and interpreted with a certain delay,
whereas other tests, such as cardiac echo, cannot always be arranged imme-
diately following hospital admission. If, for specific management options, or
for randomization in early treatment trials, early recognition of a cardioem-
bolic stroke mechanism is mandatory, it could be relevant to identify such a
stroke mechanism, or at least increase its likelihood by independent predic-
tors. We found a history of ischemic heart disease and the absence of ho-
molateral carotid obstruction to be such predictors. The absence of carotid
obstructive disease does not exclusively favour cardioembolism, but also
lacunar infarction, which, however, can be separated reliably by clinical
signs.^ However, it seems more rational to prompt ancillary cardiac inves-
tigations early in patients who might potentially benefit from specific cardiac
and stroke management options, rather than waste time performing carotid
ultrasound studies. On the other hand, normal carotid ultrasound should
raise the suspicion of a cardioembolic cause of stroke if the patient does not
present with a lacunar syndrome.
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Early anticoagulation is often considered in patients with cardioembolic brain
infarction in order to prevent recurrences.^ A certain number of these patients
develop hemorrhagic transformation of the infarction on C T A ^ i l Such
hemorrhagic transformation is considered dangerous should anticoagulants
be started.6 Sometimes CT does not allow for a reliable distinction between
hemorrhagic infarction and a small, primary intracerebral hematoma. Differ-
entiation between these two is important because anticoagulation can be
delayed until the hemorrhagic component of the infarction has disappeared,
but it is strongly and completely contra-indicated in cases with primary
intracerebral bleeding. Therefore, it would be desirable to be able to differen-
tiate between hemorrhagic infarction and primary cerebral bleeding, using
CT-features. Hemorrhagic infarction during life is mainly a radiological diag-
nosis based on CT features that, however, have hardly been validated. We
therefore studied whether currently used CT features of hemorrhagic infarc-
tion could be ascertained by autopsy findings.

MATERIAL AND METHODS

In six hospitals we looked at pathology reports, patient files, and radiology
reports over a period of approximately seven years. We collected 19 cases who
had suffered a cerebral infarction, had undergone CT showing presumed
hemorrhagic infarction, had died within two weeks after stroke onset, had
been autopsied and were found to have hemorrhagic infarction on both
macroscopical and microscopical pathological examination. We noted: age,
sex, the degree of initial neurological deficit as either minor, moderate, or
severe; use of anticoagulants; the presence of a potential cause of cardioem-
bolism (as defined in Chapter 7); and whether death was caused by coning.
The number of days between stroke onset, performance of CT, and death were
also noted. From CT the vascular territory involved was noted as well as the
location of the hemorrhagic components, being either mainly cortical or
mainly subcortical. The number of hemorrhages in each case was counted.
The appearance of the hemorrhages on CT were classified as "dense": small,
rounded, uniformally hyperdense areas; "slitlike": rather long and narrow,
straightly arranged hyperdensity; "guirlande": same as the previous one but
curvilinear; "mottled": small, hyperdense areas of irregular shape and size.
The volume of hyperdensities and the total infarction volume were estimated
by multiplying width and length at straight angles, multiplied by the number
of consecutive CT-slices and slice thickness. Thus, the percentage of hyper-
density volume compared to the whole infarction volume was estimated. For
comparison we also looked at cases that had died following a small intracere-
bral hematoma. However, we did not find any such cases presumably because
small hematomas rarely result in death.
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RESULTS

There were fourteen males and five females aged 70 (49-85) year (median with
range). Seventeen had major, and two had moderate deficit at stroke onset.
Median (with range) number of days between stroke onset and CT was: 2
(0-8), between stroke onset and death: 5 (1-14), and between CT and death: 1
(1-11). One patient had been anticoagulated. Eight cases had a potential
cardiac source of embolism. The infarction was in the medial cerebral artery
territory in all but one case, in which it was in the anterior cerebral artery
territory. Sixteen patients died from coning. All cases had macroscopical and
microscopical pathological investigations showing hemorrhagic infarction.
The hemorrhages on CT were located mostly in the cortical area in twelve (fig.
1,2), mostly subcortically in three (fig. 3,4,5), whereas four had cortical as well
as subcortical hemorrhages. Four cases had one single hemorrhage, whereas
in fifteen cases hemorrhages were multiple with a median number of 4 (range:
2-10). Small, dense hemorrhages on CT were observed in six cases, slitlike
ones in two, guirlande-like ones in four, whereas in two cases hemorrhages
had a mottled aspect (fig. 6). In five cases the hemorrhages showed a combi-
nation of these different aspects. Two of the dense, single hemorrhagic infarc-
tions had been radiologically diagnosed as primary hematomas. The median
estimated percentage of hyperdensity volume on CT compared to the whole
infarction volume was four per cent, range: 0,5-23 per cent.

DISCUSSION

Radiological diagnosis of hemorrhagic infarction is clinically important for
two reasons: firstly, hemorrhagic infarction is often considered as a sign of
cardiogenic embolism, although the differentiation between cardiogenic and
artery-to-artery embolism cannot be made with CT alone (Chapters 2,3).̂
Secondly, depending on timing and frequency of CT-scanning, hemorrhagic
infarction is detected in stroke patients with a potential cause of embolism in
up to 43 per cent7 Patients with a cardioembolic cause of stroke are often
considered eligible for anticoagulant treatment^ but the development of
hemorrhagic infarction is considered dangerous should such treatment be
started.^ The risk of early bleeding can be minimized by excluding patients
with certain CT and clinical features (Chapter 7).& However, sometimes CT
does not allow for distinction between a small primary intracerebral hemor-
rhage and hemorrhagic infarction, especially if the hemorrhages are located
in the brain cortex as e.g. in amyloid angiopathy.2 The presence of a potential
cardioembolic source does not exclude primary hemorrhage, because ap-
proximately ten per cent of patients who suffer a primary intracerebral hema-
toma may have non-rheumatic atrial fibrillation.™ Patients with hemorrhagic
infarction could receive anticoagulant treatment as soon as the hemorrhagic
component has disappeared, whereas the treatment is strongly contraindi-
cated in patients with a primary intracerebral hematoma. In this study we
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FIGURE 1. Parietal, small, dense, mainly
cortical hyperdensity in hemorrhagic in-
farction.

FIGURE 3. Larger, deep, hyperdensity
within a hypodense area compatible with
infarction in the middle and anterior
cerebral artery territory.

FIGURE 5. Larger, deep hyperdensity in
medial cerebral artery territory infarc-
tion. Note the presence of blood in the
posterior horn of the ventricle.

FIGURE 2. Frontal, cortical /sub-cortical
hyperdensity representing hemorrhagic
infarction.

FIGURE 4. Small, dense, deep hyperden-
sity. Signs of edema indicate large infarc-
tion in the right hemisphere.

FIGURE 6. Multiple, "mottled" hyper-
densities in medial cerebral artery terri-
tory infarction.

aimed, in the first place, to characterize some CT features of hemorrhagic
infarction in comparison with small primary intracerebral hematoma, using
autopsy findings as the golden standard. However, cases who had died from
small hemorrhages could not be found. Therefore, we had to suffice with
hemorrhagic infarction cases. Our data show that the currently assumed CT
features of hemorrhagic infarction, which are mainly cortically located curvil-
inear, slitlike, and small mottled hyperdensities, indeed represent secondary
hemorrhages within infarcted areas. In our cases these hyperdensities com-
prised only a small percentage of the total estimated infarction volume. In a
few cases larger, dense hyperdensities on CT could be mistakingly taken for
small hemorrhages especially when blood collections are found within the
ventricle system. If hyperdensities lie within a hypodense area compatible
with a vascular territory of a major cerebral artery or one of its branches, they
are more likely to represent hemorrhagic infarction. If on early CT the infarc-
tion boundaries are ill-defined and cannot be differentiated from edema
surrounding a possible small bleeding, CT could be repeated after approxi-
mately two weeks, when infarction boundaries appear more distinct. If doubt
remains, CT after one or two months will either show a vascular territory
hypodensity in most cases of infarction, or a more ill-defined, slitlike hy-
podense scar as a sign of sustained primary intracerebral hematoma.^
As our data indicate, deep location of a hyperdensity does not rule out
hemorrhagic infarction. Deeply located hemorrhage in cases with hemor-
rhagic infarction is probably confined to large, mainly cardioembolic brain
infarctions.^

The number of patients in whom the differentiation between hemorrhagic
infarction and primary intracerebral hematoma is a problem, is probably low.
However, the risk of hemorrhagic complications should by all means be kept
as low as possible in all the cardioembolic stroke patients that are considered
for anticoagulant treatment, whether in or out of clinical trials. Correct radio-
logical diagnosis is crucial in this respect.
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Studies on the value of anticoagulant treatment of patients with cardioem-
bolic stroke have revived interest in the occurrence and mechanism of hemor-
rhagic infarction (HI).1'8<9,17 j ^ e relationship between the occurrence of HI
and the size of the infarction, as well as the implications for predicting
cardioembolic etiology of stroke are discussed more extensively in Chapter 2
and 3. Anticoagulation during hemorrhagic transformation of an infarction
may worsen the eventual clinical outcome.^ The incidence of HI on computed
tomography (CT) performed shortly after a cardioembolic stroke is approxi-
mately 5% (Chapter 3). This percentage increases to 25% 1̂O,H or even 43%*,
when serial CT scanning is performed. With regard to early anticoagulation,
it is important to consider the timing of hemorrhagic transformation in the
early phase following the onset of stroke. There is only one study addressing
this issue by means of early CT-scanning at different intervals after stroke to
detect HI.3 Therefore, we studied the timing of hemorrhagic transformation
in autopsied patients who had undergone CT during life.

PATIENTS AND METHODS

We studied the neuropathological reports of patients dying within 15 days
after a CT-confirmed supra-tentorial brain infarction. On pathological exami-
nation HI was diagnosed in the presence of a (partial) hemorrhagic infarction
on macroscopical inspection, confirmed by a microscopical examination.
Cases with HI were included only when large, confluent hemorrhages that
would not have gone undetected by CT were present. Infarction size was
classified as "large" when an infarction involved most of the area supplied by
one of the three main cerebral arteries, as "moderate" when it was restricted
to a medium-sized branch division, and as "small" when it was confined to a
smaller branch area. The cause of death was considered cerebral following
brain herniation and as noncerebral following other causes. Patient records
were reviewed for age, sex, and number of days between stroke, CT, and
death. A cardioembolic cause of stroke was diagnosed in the presence of
rheumatic heart disease, paroxysmal or persistent atrial fibrillation, myo-
cardial infarction in the preceding two weeks, or mitral valve stenosis or
prosthesis. Initial neurologic deficit was categorized according to Pessin et
all", with a slight modification^, as mild, moderate, or severe. CT was
studied with special reference to the presence of HI. Because the number of
cases fulfilling all our criteria (i.e., dying within 15 days after a supratentorial
brain infarction, CT as well as eventual autopsy performed, significant HI on
pathological examination) was very small in Maastricht University Hospital
alone, we collected data from five other major Dutch hospitals as well.
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RESULTS

Data are expressed as median (range). Thirty-four cases (13 men, 21 women;
age 70 (75-86) years) with confluent hemorrhages in an infarcted area were
identified. The interval from stroke until death was 5 (1-15) days, from stroke
until CT 2 (0-8) days, and from CT until death 2 (1-11) days.
Two patients, without a cardioembolic cause, were receiving anticoagulant
treatment at the time of the stroke. In one patient, warfarin treatment with a
thrombo-test percentage within the therapeutic range was antagonized at
stroke onset; CT on day 3 was without HI. The other patient had been
receiving heparin treatment because of suspected pulmonary embolus, with-
out the activated partial thromboplastin time being therapeutically prolonged
at the time of stroke, when the treatment was antagonized; CT on day 2
showed HI. Warfarin treatment with a thrombotest percentage within the
therapeutic range in two patients with cardioembolic stroke was immediately
discontinued on admission. Because CT on days 4 and 6 respectively, in these
two patients showed no HI, we considered the ultimate occurrence of HI not
to be caused by the previous anticoagulation. All the other patients had no
anticoagulation treatment.
Initial neurological deficit was severe in all but one patient, who had a
moderate deficit. Considering both clinical and autopsy data, 25 patients died
of brain herniation while eight of the other nine died of cardiac causes (3),
pneumonia (2), pulmonary embolism (1), septic shock (1), or mesenteric
artery embolism (1); in one case the exact cause of death could not be iden-
tified. Thirty-three cases had large infarctions, one had a moderate-sized
infarction at autopsy. All infarctions were located in the middle cerebral
artery territory. In eight cases the anterior and/or posterior cerebral artery
territory was involved as well, while five had bilateral middle cerebral artery
infarctions.
Twenty-one cases had a potential cardioembolic source for their stroke; seven
of the 21 had HI on CT. Figure 1 shows the number of CT scans with HI in
relation to the interval from stroke onset to CT for all 34 cases. In the 21 cases
with cardioembolism, Figure 2 shows the interval during which HI developed
(from stroke or negative CT until positive CT or autopsy).

DISCUSSION

Particularly large cerebral infarctions are considered prone to hemorrhagic
transformation (Chapter 4).8,13,17,21 Although the question which subgroup
of cardioembolic stroke patients would benefit from anticoagulant treatment
is not answered5<7,H,16,i9,20,22^ such treatment is often considered in an at-
tempt to lower the recurrence rate, especially in the early phase following
stroke onset.2/* Hemorrhagic transformation during anticoagulant treatment
may worsen the eventual clinical outcome.^ Therefore, it is important to know
whether CT can detect HI reliably, and how hemorrhagic transformation
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FIGURE 1. Hemorrhagic infarction (black bars) on
computed tomograms (CT) related to interval from
stroke to CT in 34 stroke patients with hemorrhagic
infarction at autopsy within 15 days after the onset of
stroke. Shaded bars, no evidence of hemorrhagic in-
farction on CT.

FIGURE 2. Interval during which hemorrhagic trans-
formation developed in 21 patients with cardioem-
bolic stroke. Beginning of interval is marked by
stroke onset (day 0) or negative computed tomogram
(CT scan) (O) and end by positive CT scan (O) or
autopsy (O).
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develops over time. Ideally, given the dynamic nature of HI, to answer the
first question postmortem CT should be compared with autopsy findings, but
this option hardly seems feasible. Therefore, although there are no studies
available comparing CT and autopsy findings of HI, it was not our primary
aim to relate CT and autopsy data in this study. This question was addressed
in Chapter 5. As to the second question, the only available study with serial
early CT's found HI in 18 of 27 (67%, 95% confidence interval (CD 36-97%) CT
scans performed within 48 hours after stroke onset in 27 non-anticoagulated
cardioembolic stroke patients with eventual HI on CT, whereas 20 of 27 scans
(74%, 95% CI41-100%) showed HI within four days.3 Chapter 5 showed that,
based on the same morphological criteria as in this study, autopsy proven
hemorrhagic infarction was visualized on all CT's. All cases in this study had
eventually autopsy-proven HI to such a degree that its presence would have
been unlikely to have gone undetected by CT; this allowed us to conclude that
in the instance of a negative CT scan there was indeed no significant HI at that
time, thus enabling us to consider both CT and autopsy findings in relation to
the timing of HI. We found six of 21 cases (29%, 95% CI 1-51%) within 48
hours, and 16 of 21 cases (76%, 95% CI 39-100%) with HI within four days after
stroke. Both studies agree that if HI develops, it does so in approximately 75%
of patients within the first four days after the onset of a cardioembolic stroke,
irrespective of whether the patient survives the stroke or dies. When both
studies are analyzed together, hemorrhagic transformation within four days
occurred in 36 of 48 patients (75%, 95% CI 50-100%); the lower limit of the 95%
CI indicates that at four days at least half of the patients have developed HI.
When anticoagulant treatment is being considered in patients with a pre-
sumed cardioembolic stroke, it may be judicious to postpone such treatment
for at least four days, after which CT has effectively excluded HI in most
patients. This may be particularly important in patients with large infarctions,
who appear to be especially at riskA'0 However, cautious clinical monitoring
of anticoagulated stroke patients remains necessary after this time limit as
well, because in some patients hemorrhagic transformation is delayed sub-
stantially longer.12 Nevertheless, the question remains whether patients anti-
coagulated even during the period in which hemorrhagic transformation
often occurs, continue to have a high risk of cerebral bleeding complications.
Chapter 7 addresses this question in more detail.
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7 Low risk of early
anticoagulation in stroke
patients with non-rheumatic
atrial fibrillation
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The risk of early stroke recurrences in patients with non-rheumatic atrial
fibrillation (NRAF) is probably substantial when compared with stroke recur-
rences in patients with sinus rhythmA?,ll Whether the benefits of long-term
anticoagulation (AC) outweigh the risks in these patients is currently being
investigated in the European Atrial Fibrillation Trial, the EAFT.25 However,
this trial will probably not clarify the question of the timing of early AC, or
settle the question of AC for stroke patients with an overall handicap greater
than Rankin score 3.21*24 Some clinicians may feel reluctant to start early AC
in stroke patients with a presumed cardioembolic infarction whether in or out
of trials, because some authors have suggested that this treatment, although
possibly preventing early stroke recurrences, could lead to hemorrhagic
transformation of the infarction with consequent neurological deteriora-
tion. W 2,19,23 Others, however, collecting data from different studies, found
such fears to be unjustified. 1-2 Because of this ongoing uncertainty about the
magnitude of the risk of early AC in stroke patients with NRAF, we evaluated
the risk of this therapy in a prospectively registered series of consecutive
stroke patients with NRAF, admitted during a period of two years.

PATIENTS AND METHODS

We registered prospectively all consecutive NRAF patients with a supraten-
torial brain infarction. Brain infarction was defined as an acute or fast pro-
gressing focal neurological deficit with symptoms lasting longer than 24
hours, and no other apparent cause than ischemia. All patients were examined
by a neurologist and a cardiologist. Patients with cardiac complaints or
abnormalities on routine cardiological examination had transthoracic 2-di-
mensional echocardiograms or 24-hours Holter monitoring as indicated.
Cerebral CT scan was performed prior to anticoagulation. Neurological defi-
cit was categorized as "mild", "moderate" or "severe", according to Pessin et
al20, except that mere aphasia was regarded as "moderate" deficit. Infarction
size was classified as "large" when an infarction involved most of the area
supplied by one of the three major cerebral arteries, as "moderate" when it
was restricted to the territory of a medium sized branch division, and "small"
when it was confined to a smaller branch area. Hemorrhagic infarction was
diagnosed when small areas of patchy, linear or curvilinear hypodensities
were found within a larger hypodense area compatible with an arterial terri-
tory. Cerebral hemorrhage was diagnosed in the presence of a sharply demar-
cated, strongly hyperdense area with or without surrounding hypodensity
not compatible with an arterial territory.** Patients with decreased conscious-
ness, a diastolic blood pressure higher than 105-110 mm Hg, and those with
HI, or with an infarction showing space-occupying effect on CT (such as shift
of the midline structures, compression of ventricles, or flattened sulri) did not
receive anticoagulation, unless these features disappeared. Furthermore,
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patients with a bleeding tendency, hepatic failure, alcoholism or prior spon-
taneous gastrointestinal or cerebral bleeding did not receive anticoagulation.
Early AC was started with a bolus of 5,000 international units of heparin,
followed by a continuous intravenous infusion of 20,000 to 25,000 inter-
national units per day. We aimed to prolong the control activated prothrom-
bin time 2.5 to 3 times. Heparin was discontinued when oral AC reached
therapeutic levels of 5-10% thrombotest, corresponding with 4.8-2.8 inter-
national normalized ratio. If a patient was on oral AC at the time of stroke,
oral AC was continued provided there were no contraindications. All patients
were attended daily and monitored carefully. CT scanning was always re-
peated when neurological deterioration occurred. Some patients had a re-
peated CT for reasons not related to this study. The early risk of AC was
studied for three weeks following the stroke onset.

RESULTS

A total of 188 patients with NRAF and stroke were registered during the study
period. Ninety-eight of the 188 patients were anticoagulated and entered the
study. There were 48 males and 50 females, aged 70 (53-87) years median
(range). Sixty-three patients received AC within 24 hours after stroke onset.
In 35 patients AC was delayed for 2 (2-18) days median (range), because of:
delayed discovery of NRAF by 24-hours Holter monitoring in 8; signs of space
occupying effect on early CT in 9; HI on initial CT in 4; delayed hospital
admission in 4; initial elevated diastolic blood pressure in 5; inadequate oral
AC in 2; and no specific reason in three patients. Neurological deficit on
admission was severe in 27, moderate in 35 and minor in 36 patients. CT
revealed 21 large, 29 medium-sized, and 18 small infarctions, whereas no
specific abnormalities were found in 30. Anticoagulation was discontinued in
four patients after 1, 3, 4, and 10 days respectively for the following reasons:
HI on the follow-up CT: 2; non-cerebral hemorrhage: 1; no specific reason: 1.
CT showed HI in seven of the 38 patients who had repeated CT. The table
shows the numbers with non-fatal or fatal deterioration, and the reasons for
this. None of the 98 anticoagulated patients developed clinically apparent
cerebral hematoma within the three weeks following stroke. Only one of the
five survivors with HI on follow-up CT deteriorated, this patient received AC
within 24 hours after stroke onset. An autopsy was performed in all seven
patients who died during the follow-up period. Three patients died because
of hemorrhagic complications, of which two were cerebral. One patient with
HI at autopsy had been given AC for pulmonary embolism within 24 hours
after stroke onset. AC would have been delayed in this patient because of
lowered consciousness if the pulmonary embolism had not occurred. Beside
these three, none of the seven autopsied cases showed hemorrhagic compli-
cations.
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TABLE. Three-week outcome in 98 non-rheumatic atrial fibrillation stroke patients selected
for early anticoagulation

AC + NRAF

Survivors 91
cerebral hematoma —

hemorrhagic transformation on CT
minor extracranial hemorrhage
recurrent ischemic stroke

Deaths
hemorrhagic transformation
gastrointestinal hemorrhage
recurrent ischemic stroke
peripheral embolism
brain herniation
cardiac/pulmonary complications

5
1
1

7
2
1

—
2
1
1

NRAF = Non-rheumatic atrial fibrillation

DISCUSSION

In the absence of the definite evaluation of early AC in NRAF patients with
stroke we applied the current view that AC would probably do more good
than harm. This view was favoured by the Cerebral Embolism Study Group
who presented data indicating a high early recurrent stroke rate in these
patients.*-? Recently, Gustafsson and Britton presented evidence of a high
early stroke recurrence rate in patients with NRAF as compared to those in
sinus rhythm.n The question of whether NRAF stroke patients benefit from
long-term AC is currently being subjected to a large randomized trial, the
EAFT.25 It is, however, unlikely that a sufficient number of patients will be
randomized early enough following stroke to resolve the problem of the
timing of AC, should this treatment be beneficial. Furthermore, the EAFT
excludes patients whose handicap scores more than Rankin 3. Therefore, the
trial will not settle the question as to when to start AC in patients with an
overall handicap greater than Rankin 3, some of whom might be considered
for AC treatment despite a more severe handicap.
In our study we investigated the risk of early AC in NRAF associated stroke
patients, including some with major neurological deficit. We did not intend
to evaluate the efficacy of this treatment and we did not anticoagulate our
patients to improve their short-term outcome. We excluded those patients
whom we considered to be at a high risk of cerebral bleeding. These were
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mainly older patients with decreased consciousness, very severe deficit, and
a bad short-term outcome. Nevertheless, even after excluding these patients,
the remaining group was also at substantial risk of developing cerebral
hemorrhagic complications, considering that all of them had a potential
cardiac source of embolism. Approximately one quarter had major deficit
with a large infarction on CT, and 63% were fully anticoagulated within 24
hours following stroke onset.
These features have been discussed in the literature to carry an increased risk
of hemorrhagic transformation of the ischemic infarctionAW,lO,l3,l6,23 f<jo
clinically apparent intracerebral hematoma occurred in our patients, whereas
only one out of the five survivors with hemorrhagic transformation on re-
peated CT deteriorated. However, one patient died from gastrointestinal
hemorrhage, and two patients died in association with hemorrhagic transfor-
mation either due to or merely during AC treatment. Thus in total four
patients (4%) experienced clinically significant bleeding events during AC
therapy. Whether all these bleeding complications were indeed caused by AC
is debatable. Spontaneous hemorrhagic transformation eventually occurs in
40 to 60% of cardioembolic brain infarctions 12,19̂  whereas about 75% of these
occur within the first ten daysA' The number of clinically significant hemor-
rhagic events in our AC-treated group was slightly higher than the two per
cent found by Rothrock et a$22 in 49 patients anticoagulated within % hours
following a cardioembolic stroke, and even lower than the 11 % in 43 patients
with spontaneous hemorrhagic transformation that sustained worsening of
symptoms in the study of Hornig et al.*2 We repeated CT in all cases with
neurological deterioration, and in a limited number of other patients for
reasons not related to this study. Therefore, we are not fully informed about
the total number of patients with hemorrhagic transformation without clinical
symptoms. However, should spontaneous hemorrhagic transformation have
been as high as the 40 - 60% found by others*2,l9^ j^g number of patients with
neurological deterioration associated with hemorrhagic complications is low
in our series, it could be argued that a large proportion of our AC-treated
group might have been lacunar strokes, with a low expectat ion of bleeding.
However, cardiogenic embolism is an unlikely cause of lacunar stroke*» *',
whereas 21 of our patients had large, and 29 had moderate size infarctions,
which by definition were tentorial infarctions involving the cortex. Therefore,
although some of theCT negative strokes might have been lacunar, this would
be unlikely to be the only explanation for the low number of cerebral bleeding
complications.

Hemorrhagic transformation could may been mainly confined to those
patients whom we excluded from anticoagulation. Some of the reported
bleeding complications in the literature may have occurred in such
patients.**^ However, it does not seem clinically expedient to prevent
possible early stroke recurrences in patients with an expected bad short-term
outcome, or in those who are fully care-dependent should they survive.
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Why only a small minority of all supposed hemorrhagic transformed infarc-
tions resulted in extensive bleeding with AC treatment remains unclear.
Excessive AC, large infarction size, decreased consciousness, and advanced
age may play a role in hemorrhagic transformation, but if present, they are no
reliable predictors of bleeding risk.2.7,12,16,19 Although hemorrhagic transfor-
mation may develop late-*, in the majority of patients it occurs 2-10 days
following stroke^, an interval similar to that of the development of AC-re-
lated hemorrhage.^^ Therefore, some bleeding complications may indeed be
related to the AC-induced conversion of an ischemic infarction into a hemor-
rhagic one.2 However, the frequency of hemorrhagic transformation leading
to clinical deterioration is likely to be low. Reviewing the literature Babikian
et aP found a total of only 26 such published cases, whereas the Cerebral
Embolism Study Group* reviewing CT files from ten hospitals collected only
30 cardioembolic stroke cases with anticoagulant associated hemorrhagic
transformation, many of whom did not deteriorate clinically. Summarizing
data from recent randomized trials on stroke prevention in NRAF, Albers et
al noted that there was no evidence that ischemic strokes occurring under
anticoagulation were "more severe or more likely to be hemorrhagic".*
Our data do also not lend support to the view that early AC purports a
substantial risk when administered early following a brain infarction, not
even when the stroke is likely to have resulted from cardiogenic embolism in
NRAF and produced major deficit, providing the patient's consciousness is
not lowered, or the infarction is without space-occupying signs on CT. In the
absence of proven benefit of early AC, but considering an expected substantial
risk of early recurrences depending on cardioembolic stroke subtype, our
findings may be of value in deciding on the timing of AC. The more so,
because a recent North-American study showed that over 60 percent of
clinicians interviewed about their anticoagulation policy applied AC in
elderly stroke patients with atrial fibrillation.15 Considering the temporal
profile of spontaneous hemorrhagic transformation, most clinicians may
favour waiting at least a few days with AC in patients with a presumed
cardioembolic stroke.5<i8 in younger patients, especially those with rheumatic
valve disease, AC should rather be started as early as possible.
Our results also show that including an early AC strategy in treatment trials
on early stroke outcome does not subject patients to unproportional risks of
cerebral bleeding complications.
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8 Summary and conclusions

Up till now, hemorrhagic infarction has been considered to be of significance
for both the diagnosis and the treatment in patients whose brain infarction is
likely to have resulted from a cardiogenic embolus. The long held conviction
that hemorrhagic infarction indicates cardiogenic embolism stems from the
observations of pathological studies. However, Chapter 2 shows that even in
patients who died following a brain infarction, hemorrhagic infarction is
related to the size of the infarction rather than the underlying cause. Probably
more patients die following a cardioembolic stroke than following strokes
from other causes and therefore pathological studies are likely to be biased
towards finding hemorrhagic infarction to be associated with a presumed
cardiac cause of stroke. Also in patients surviving their stroke, some of whom
may be considered for possible prevention of stroke recurrences by anticoagu-
lation, the presence of hemorrhagic infarction on CT-scan is of no value in
diagnosing a cardioembolic stroke because its prevalence in the early phase
following stroke is low. This is even true in patients with a potential cardioem-
bolic stroke source (Chapter 3). Chapter 4 shows by means of stepwise logistic
regression analysis that early hemorrhagic infarction does not predict car-
dioembolic origin of stroke. However, the validity of the CT-scan in diagnos-
ing a hemorrhagic infarction can be questioned. Besides the fact that small
hemorrhages may go undetected by CT, no study has so far validated CT
features of hemorrhagic infarction with pathological findings. Chapter 5
describes such a study and shows that the current CT criteria for hemorrhagic
infarction are largely correct. However, CT cannot always differentiate be-
tween dense hemorrhagic infarctions and primary intracerebral hematoma.
The significance of hemorrhagic infarction in relation to the treatment of
cardioembolic stroke or, rather the prevention of a recurrence, lies in the risk
for further hemorrhagic transformation or cerebral bleeding with consequent
clinical deterioration should anticoagulants be started. In considering anti-
coagulant treatment, there are two major questions: does anticoagulation
reduce the risk of recurrent stroke, and if, when should it be started. There is
no simple yes or no to the first question. If the answer was to be measured by
the standards of the outcome of clinical trials, a question mark remains for
almost all cardiac abnormalities that potentially give rise to embolism with
the possible exception of recent myocardial infarction. Nevertheless many
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clinicians are more or less convinced of the benefit of anticoagulant treatment.
In some categories of cardiac disease, such as rheumatic heart disease, the
consensus on the use of anticoagulation is so strong that the withholding of
this treatment is generally regarded as malpractice. The most prevalent poten-
tial cause of cardioembolism, non-rheumatic atrial fibrillation, bears a more
than five-fold increased risk of stroke. The value of anticoagulants in primary
stroke prevention has been firmly established by some recent trials. Whether
anticoagulation reduces the risk of recurrent stroke in NRAF patients is
currently being tested in the European Atrial Fibrillation Trial. However, this
trial, if the outcome should favour anticoagulation, will probably not solve the
question of when to start this treatment. Depending on the type of the car-
dioembolism source, early stroke recurrences are particularly feared. There-
fore, the question is how to balance the risk of early anticoagulation against
this supposed, but largely unknown, effect on early recurrent stroke risk
reduction. Nevertheless, many physicians favour anticoagulants in NRAF
stroke patients. Some strongly advise against early anticoagulation because of
the above-mentioned uncertainties. They fear hemorrhagic conversion of
ischemic infarctions in particular of those with cardioembolic etiology. How-
ever, in both our series, one with a consecutive number of 188 cardioembolic
stroke patients, and the other with 270 patients with a first, supratentorial
brain infarction prospectively registered, the incidence of early hemorrhagic
infarction is low. Chapter 6 and some other studies indicate that approxi-
mately 75 per cent of all infarctions eventually do become hemorrhagic and
this within approximately four days following the stroke, although some may
become hemorrhagic much later. The risk of clinically significant hemorrhagic
complications in some patients may be higher than in others. Therefore
patients with raised intracranial pressure, or with general contraindications
to anticoagulation and those with hemorrhagic infarction already on the
initial CT should not be given early anticoagulation, regardless of the under-
lying cardioembolic source, because the treatment might do more harm than
good. Providing these "high risk" patients are excluded from anticoagulation,
this therapy would be unlikely to result in cerebral bleeding, even if hemor-
rhagic transformation does eventually develop, if it does so during anticoagu-
lation therapy started as early as within 24 hours following stroke onset and
even in patients with large infarctions.

In conclusion

• The findings that an infarction is hemorrhagic or large, or causing major
deficit cannot be used to predict a cardioembolic stroke cause; absence of
carotid obstructive disease increases the possibility of such a cause of stroke
in patients with a cortical infarction syndrome.

• Pathological studies are biased towards finding hemorrhagic infarction
related to cardioembolism.
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In most patients that eventually develop hemorrhagic infarction, about 75
per cent do so within one to four days following stroke.
CT features used to diagnose hemorrhagic infarction match pathological
findings.
Early anticoagulation can safely be adopted as a potential treatment regime
without a substantial risk of cerebral hemorrhagic complications, both in
clinical practice and in trials on secondary cardioembolic stroke prevention,
as well as in trials on early stroke outcome, providing the patients who are
ro receive this treatment are selected according to certain obvious features.

105





Samenvatting en conclusies

Tot op heden wordt aangenomen dat het optreden van een hemorrhagisch
herseninfarct van belang is voor zowel de diagnostiek als de behandeling van
patiënten met vermoedelijk cardioembolische herseninfarcten. De sinds lang
bestaande overtuiging dat een hemorrhagisch herseninfarct op een cardioem-
bolische oorzaak wijst, stamt van pathologisch-anatomische studies. In
hoofdstuk 2 echter wordt aangetoond dat, zelfs bij patiënten die overlijden ten
gevolge van een herseninfarct, hemorrhagische infarcering niet gerelateerd is
aan de oorzaak doch aan de grootte van het infarct. Waarschijnlijk overlijden
er meer patiënten na een cardioembolisch infarct dan na een infarct van
andere origine, en de pathologisch-anatomische studies zijn daarom "biased"
ten aanzien van de associatie hemorrhagische infarcten en een cardiale oor-
zaak. Echter ook bij patiënten die het infarct overleven, en waarvan sommigen
mogelijk in aanmerking komen voor antistollingstherapie ter preventie van
een recidief, is het optreden van een hemorrhagisch infarct op de CT-scan niet
relevant voor het vaststellen van een mogelijke cardioembolische oorzaak.
Met name het aantal hemorrhagische infarcten dat in de vroege fase na het
infarct optreedt is laag, zelfs bij patiënten met een mogelijke cardiale embolie-
bron (Hoofdstuk 3). Hoofdstuk 4 toont door middel van "stepwise logistic
regression analysis" aan dat vroege hemorrhagische infarcering geen aan-
wijzing is voor een cardiale embolie als oorzaak voor het herseninfarct. De
betrouwbaarheid van de CT-scan bij de diagnose van hemorrhagische hersen-
infarcten kan echter in twijfel worden getrokken. Afgezien van het feit dat
kleine bloedinkjes op de CT-scan gemist kunnen worden, zijn de CT-criteria
voor hemorrhagische herseninfarcten nog niet eerder in een studie aan de
hand van morphologische bevindingen gevalideerd. Hoofdstuk 5 beschrijft
een dergelijke studie en laat zien dat de huidige CT-criteria voor hemorrhagi-
sche herseninfarcten in de meerderheid der gevallen zonder meer van toepas-
sing zijn. Computertomografie kan echter niet altijd differentiëren russen
hemorrhagische infarcten met een hoge dichtheid en primaire cerebrale bloe-
dingen. Het diagnostiseren van een hemorrhagische infarcering is van belang
indien, ter voorkoming van een recidief bij een cardioembolisch infarct, anti-
stolling gegeven wordt. Men is beducht voor het optreden van een hemorrha-
gische transformatie van het ischemisch infarct of een hersenbloeding, met de
daaruit voortvloeiende klinische verslechtering. Wat betreft de antistollings-
therapie zijn er twee belangrijke vragen: verlaagt antistolling inderdaad het
risico op infarctrecidieven, en zo ja, wanneer mag deze therapie gestart
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worden. De eerste vraag is niet eenvoudig te beantwoorden. Gezien de resul-
taten van verschillende klinische studies blijft de vraag open voor vrijwel alle
cardiale emboliebronnen, mogelijk met uitzondering van het recente my-
ocardinfarct. Desondanks zijn veel clinici min of meer overtuigd van de
waarde van deze preventieve behandeling. Bij sommige hartaandoeningen,
zoals bijv. rheumatisch hartlijden, is de consensus over het gebruik van
anticoagulantia zo duidelijk dat het niet toepassen van deze therapie be-
schouwd wordt als een medische fout. Het niet-rheumatisch atriumfibrilleren
(NRAF) dat mogelijk de grootste veroorzaker van embolieën vanuit het hart
is, geeft een vijfvoudig verhoogde kans op een herseninfarct. De waarde van
antistolling voor de primaire preventie van herseninfarcten bij NRAF werd
duidelijk aangetoond in een aantal recent gepubliceerde studies. De vraag of
antistolling tevens het risico op infarctrecidieven vermindert, wordt momen-
teel onderzocht in de "European Atrial Fibrillation Trial". Echter, deze studie
zal geen antwoord geven op de vraag welk het meest geschikte tijdstip is
waarop deze therapie, indien effectief, gestart dient te worden. Omdat de
meeste recidieven in de vroege infarctfase optreden, is het belangrijk een goed
evenwicht te vinden tussen het risico van vroege antistolling en een maximaal
preventief effect. Ondanks deze onzekerheden kiezen veel clinici voor anti-
stolling bij patiënten met een herseninfarct en NRAF. Sommigen adviseren
deze patiënten echter helemaal niet vroeg te ontstollen. Zij vrezen een he-
morrhagische transformatie van, met name de mogelijk cardioembolische,
herseninfarcten. In de twee in dit proefschrift beschreven series, één met 188
opeenvolgende patiënten met waarschijnlijk cardioembolische infarcten, en
de ander met 270 prospectief verzamelde patiënten met een eerste, supraten-
torieel gelegen herseninfarct, is echter de incidentie van vroeg optredende
hemorrhagische infarcering laag. In hoofdstuk 6 en in een aantal andere
studies wordt aangetoond dat ongeveer 75% van alle herseninfarcten op den
duur hemorrhagisch wordt. Meestal gebeurt dit binnen de eerste vier dagen
na het ontstaan van het infarct, alhoewel hemorrhagische transformatie ook
nog veel later kan optreden. Het risico van klinisch relevante hemorrhagische
complicaties kan bij sommige patiënten hoger liggen dan bij andere. Daarom
zouden patiënten met een verhoogde intracraniële druk, met algemene con-
traindicaties tegen antistolling, of met een hemorrhagisch infarct op de CT-
scan, niet ontstold dienen te worden, ongeacht het al dan niet aanwezig zijn
van een cardiale emboliebron, omdat de behandeling bij deze patiënten meer
kwaad dan goed zou doen. Indien patiënten met dit hoge risico uitgesloten
worden van vroege antistolling is het niet te verwachten dat deze behandeling
zal leiden tot het optreden van een hersenbloeding, zelfs niet als hemorrhagi-
sche transformatie optreedt tijdens de binnen 24 uur na de ictus ingestelde
ontstolling, en evenmin bij patiënten met een groot herseninfarct.
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Conlusies

• De diagnose hemorrhagisch en/of groot herseninfarct, of een herseninfarct
met ernstige uitvalsverschijnselen kan niet gebruikt worden om een cardio-
embolische oorzaak van een herseninfarct vast te stellen. Het ontbreken van
een obstructief carotislijden bij patiënten met een corticaal infarct vergroot
de kans op het bestaan van een cardioembolische oorzaak.

• Pathologisch-anatomische studies zijn "biased" ten aanzien van het diag-
nostiseren van cerebrale hemorrhagische infarcering bij een cardiale em-
boliebron.

• Vijf-en-zeventig procent van de hemorrhagische transformaties van ische-
mische herseninfarcten treden op tussen de eerste en vierde dag na het
ontstaan van het herseninfarct.

• CT-criteria voor hemorrhagische herseninfarcten blijken, uit de vergelijking
met morphologische bevindingen, betrouwbaar te zijn.

• Antistolling kan veilig toegepast worden als mogelijke preventie van in-
farctrecidieven en binnen studies betreffende secundaire infarctpreventie
of vroege infarctprognose, indien op grond van duidelijke criteria patiënten
voor deze behandeling geselecteerd worden.
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