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Thrombus Formation and
Structure and the Evolution of
Mass Effect in Intracranial
Aneurysms Treated by Balloon
Embolization: Emphasis on MR
Findings

This study was designed to further assess the capabilities of MR as a tool for the
diagnostic evaluation of patients with giant intracranial aneurysms, to determine MR’s
ability to define the degree of thrombosis present within giant aneurysms before and
after treatment with balloon occlusion, and to delineate the MR characteristics of both
spontaneous and induced thrombus within giant aneurysms. Nine patients with unclipp-
able intracranial aneurysms treated by parent artery occlusion with detachable balloons
were evaluated with MR, angiography, and CT. Pretreatment and posttreatment MR
studies were evaluated for their ability to (1) define the size, configuration, and anatomic
relationships of an aneurysm; (2) detect and characterize thrombus within an aneurysm;
and (3) determine if treatment successfully caused complete aneurysm thrombosis.

MR imaging does not replace angiography in either the pretreatment or the posttreat-
ment evaluation of patients with giant intracranial aneurysms. Thrombus formation and
dissolution is a complex, dynamic process. Active thrombus in incompletely thrombosed
aneurysms differs from isolated organizing thrombus in completely thrombosed aneu-
rysms. Induced and spontaneous thrombi differ in mechanisms of formation and in
composition; their MR characteristics are also different. Reduction in mass effect is
common after complete thrombosis of giant intracranial aneurysms.

When intracranial aneurysms are unclippable, occlusion of the parent artery in
an effort to induce aneurysm thrombosis is often appropriate [1-3]. The use of
detachable balloons offers advantages over traditional surgical techniques for
achieving this goal [4, 5]. MR imaging is useful for both the diagnosis and detection
of thrombus within intracranial aneurysms [6-8]. As yet, neither the reliability of
MR for determining the effectiveness of proximal artery occlusion in inducing
complete thrombosis within an aneurysm nor its utility for portrayal and character-
ization of the changes that occur within an aneurysm and the adjacent brain after
initiation of such thrombosis has been fully defined.

Until recently, the MR signal characteristics seen in both partially and “completely”
thrombosed aneurysms have been related to the pathologic changes known to
occur in intracerebral hematomas [7, 8]. Prior to the report of Kwan et al. [9],
adequate distinction had not been made between the differences in the structure
of hematomas as compared with thrombi. In this report, we describe our observa-
tions on sequential MR studies in nine patients with giant intracranial aneurysms
treated by parent artery balloon occlusion.

Materials and Methods

Between February 1985 and February 1988, nine patients with unclippable intracranial
aneurysms treated by parent artery occlusion with silicon rubber detachable balloons* were
evaluated with MR, angiography, and CT. Uninflated balloon dimensions were: outside
diameter, 1.8 mm; length, 5.0 mm; and maximum volume, 0.5 cm®. Parent artery occlusion
was chosen for management because of the treatment objective of obtaining reduction in
mass effect after aneurysm thrombosis.

* Interventional Therapeutics Corp., South San Francisco, CA.
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Two patients presented with subarachnoid hemorrhage; the others
were evaluated because of signs or symptoms of an intracranial mass
lesion. Five aneurysms involved the intracavernous carotid artery and
four involved the supraclinoid carotid artery. Two of the intracaver-
nous aneurysms were posttraumatic; it could not be determined if
these were false aneurysms or pseudoaneurysms.

Angiography was performed with standard film-screen techniques
with 2:1 magpnification. CT was performed with third-generation scan-
ners, and studies were done both with and without IV contrast
medium. Only axial CT images were obtained; slice thickness varied
between 4 and 10 mm. MR was performed with a GE 1.5-T unit.
Images were obtained in two (n = 4) or three (n = 5) orthogonal
planes. T1-weighted images were obtained with a spin-echo se-
quence with short TRs and TEs 600/20, 25/4 (TR/TE/excitations).
Proton-density- and T2-weighted images were also obtained with
spin-echo sequences, 2000/20/4 and 2000/90, 120/4. The matrix
size was 256 X 256. The slice thickness ranged between 3 and 10
mm. Neither cardiac gating nor gradient-echo sequences was used.

All patients had at least one pretreatment CT scan and five had
posttreatment scans within 48 hr of treatment. Six were studied
before treatment with MR. Because not all patients were examined
with MR at the same follow-up interval, they were divided into those
studied within 48 hr after treatment (n = 6), at 5-10 days after
treatment (n = 4), and at 4-6 weeks after treatment (n = 4). All but
one were examined at least twice after treatment. Two had three
follow-up examinations (48 hr, 5-10 days, and 4-6 weeks), three had
follow-up examinations at 48 hr and 5-10 days, four had follow-up
examinations at 48 hr and 4-6 weeks, and two had follow-up ex-
aminations at either 48 hr or 5-10 days and at more than 11 months.
Posttreatment MR studies were analyzed both for general changes
occurring in these groups of patients and for sequential changes
occurring in individuals who had multiple follow-up examinations.

Each MR examination was evaluated and compared with the other
imaging studies as to (1) its utility in defining the size, configuration,
and anatomic relationships of an aneurysm; (2) its ability to detect
and characterize thrombus within an aneurysm, and to determine if
treatment was successful in causing complete thrombosis; and (3)
its usefulness in determining the extent, evolution, and cause of
changes in the adjacent brain (e.g., increase in mass effect) that
occurred after induction of aneurysm thrombosis.

Results
Pretreatment Findings

General observations.—Three aneurysms showed no evi-
dence of thrombus before treatment; in this group there was
good agreement between measurements of aneurysm size
on angiography, contrast-enhanced CT, and MR. Angio-
graphic measurements underestimated the size of five of the
six aneurysms that contained thrombus (the exception was
an aneurysm with a central thrombus and patent circumfer-
ential peripheral lumen); in this group, there was good agree-
ment between the MR and CT measurements. Angiography
and MR were equally useful in defining the size and configu-
ration of aneurysm lumens; because of their multiplanar ca-
pabilities, both were superior to CT. Only angiography allowed
precise definition of the relationships of an aneurysm to both
its parent vessel and other immediately adjacent vascular
structures. MR was superior, however, to the other tech-
niques in demonstrating the relationships of an aneurysm to
adjacent neural and cisternal structures.
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All nine patients were studied with CT before treatment.
On the basis of these studies as well as plain-film analysis,
three aneurysms were seen to have mural calcification; this
was not clearly identified with MR in any case.

Before treatment, six of the nine aneurysms in this series
were shown by at least one of the techniques to contain
intraluminal thrombus. MR was the only method that identified
all aneurysms containing thrombus. It was also the only
technique that demonstrated the internal features of the
thrombi. It was impossible with any technique to recognize
the site of the thrombus attachment or to define any differ-
ences between the wall of an aneurysm adjacent to a throm-
bus and the wall remote from a thrombus.

MR observations.—Six of the nine aneurysms were studied
with MR before treatment. Only one of these contained no
thrombus; it appeared as an area of homogeneous signal void
on images from all pulse sequences. The signal intensities
within the other five partly thrombosed aneurysms were com-
plex. The MR appearance of the lumens of these partially
thrombosed aneurysms was determined by the blood-flow
characteristics. Areas of homogeneous signal void corre-
sponding to regions of rapid blood flow, and areas of inho-
mogeneous signal changing from hypointense on odd-echo
images to hyperintense on even-echo images corresponding
to zones of flow stasis or turbulence, were seen in all in-
stances (Fig. 1). Evidence of abnormal flow characteristics
was most evident adjacent to the intraluminal thrombus. The
complex configuration and signal characteristics of the pre-
treatment thrombus in these aneurysms make the precise
evaluation of flow characteristics most difficult because of
partial-volume effects.

In every instance the MR appearances of pretreatment
thrombi were similar. On T1- and proton-density-weighted
images, large portions of these thrombi were laminated, hav-
ing zones of irregularly alternating hypointense, isointense,
and hyperintense tissue. The laminations were of variable
thickness but tended to be thin, usually measuring less than
2 mm. On T2-weighted images, the bulk of all but one of
these thrombi became markedly hypointense. The exception
showed persistence of hyperintense signal in most of the
thrombi on the T2-weighted images. Often, both within and
around these spontaneous thrombi were irregular but thin
zones of tissue that were slightly hyperintense on T1-, proton-
density-, and T2-weighted images (Figs. 1 and 2).

The patent lumen of all aneurysms could be sharply defined
with MR. It was not possible, however, to always distinguish
the aneurysm lumen from the aneurysm wall, nor to identify
segments of an aneurysm wall that varied in thickness. When
they were adjacent, it was usually impossible to distinguish a
boundary between the lumen of an aneurysm from the cortical
bone of the skull base. Calcification within the wall of aneu-
rysms also was not identified accurately with MR.

Posttreatment Findings

General observations.—After treatment, evidence of new
thrombus formation was seen with both MR and CT in all
nine aneurysms. Only once did angiography immediately after
occlusion of the parent artery reveal persistent opacification
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Fig. 1.—A, Right carotid arteriogram shows giant supraclinoid carotid aneurysm. V-shaped jet of rapid flow extends diagonally from neck to dome of
aneurysm (arrows). Later films showed stasis of contrast material on both sides of this area and within region it delineates. Thrombus is present along

right superior and lateral margin of aneurysm.

B and C, Coronal odd (B) and even (C) spin-echo images passing through aneurysm along plane that contains both thrombus and lumen. Diagonally
directed area of signal void corresponds to area of rapid flow seen in A (white arrows). Region of slow turbulent flow inside perimeter of rapid flow has
signal changes characteristic of even-echo refocusing. Lateral to this zone of abnormal flow is spontaneous thrombus (black arrows). Motion artifact
obscures boundary of aneurysm and laminations typical of spontaneous thrombus.

D, Contrast-enhanced CT scan 19 days after treatment. Aneurysm wall enhances and appears thicker than on previous studies. Spontaneous thrombus
remains isodense. After treatment, thrombus is hyperdense. There was no enhancement of either induced or spontaneous thrombus.

E, Nonenhanced scan 14 months after treatment. No abnormality is present. Because of previous adverse reaction to IV contrast medium, contrast-

enhanced scan was not obtained.

of an aneurysm. This exception, a supraclinoid carotid aneu-
rysm, was faintly opacified by collaterals.

The findings on posttreatment CT scans were similar in
each instance: (1) an increase in attenuation values within the
aneurysm on scans obtained at least 24 hr after treatment;
(2) development of temporary low-attenuation areas (edema)
in the brain adjacent to the aneurysm; (3) enhancement,
thickening, and then loss of enhancement of the aneurysm
walls; and (4) a significant decrease in the amount of mass
effect (Fig. 1) on scans of completely thrombosed aneurysms
obtained at a posttreatment interval of 11 months or greater
(n=3).

MR observations.—Six of the nine aneurysms were ex-
amined within 48 hr of treatment. In all of these there were

marked changes in the signal characteristics of the aneurysm
lumens from those previously demonstrated (Table 1). On T1-
weighted images the signal intensities from the newly formed
thrombi varied slightly from slightly hypointense to slightly
hyperintense. All of the induced thrombi were marked hyper-
intense on proton-density- and T2-weighted images when
examined at this follow-up interval (Figs. 3 and 4).

Four of the nine aneurysms were examined within 5-10
days of treatment (see Table 1). In each instance on T1-
weighted images, there were now, as compared with adjacent
normal brain, large areas of distinct hyperintense signal pre-
sent in the induced thrombus. In three it was peripheral; in
the other it was central. This remained hyperintense and
homogeneous on proton-density-weighted images. In each
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Fig. 2.—A, Pretreatment coronal T1-weighted image shows patient lumen and thrombus within aneurysm. Laminations seen in this thrombus are typical

of those seen in other aneurysms.

B, Axial proton-density-weighted image of same aneurysm. Because of flow-related artifact, laminations are less apparent in this plane of section. Both
within and around much of thrombus margin are layers of tissues with slightly hyperintense signal.
C, Axial T2-weighted image from same study. The majority of thrombus becomes hypointense; however, a few areas with slightly hyperintense signal

remain evident. These are best seen about periphery of thrombus.

TABLE 1: MR Signal Characteristics After Balloon Occlusion of Giant Intracranial Aneurysms

MR Appearance (No.)

Follow-up
Interval/MR Sequence Induced Thrombus Spontaneous Thrombus
24-48 hr (n = 6)
T1-weighted Minimally hypo- to hyperintense Mostly hypointense; peripherally
hyperintense
Proton-density-weighted Hyperintense Mostly hypointense; peripherally
hyperintense
T2-weighted Hyperintense Hypointense
5-10 days (n = 4)
T1-weighted Hyperintense center (1) and Area of increased hyperintensity,
periphery (3) but mostly hypointense
Proton-density-weighted Hyperintense center (1) or Area of increased hyperintensity,
periphery (3) but mostly hypointense
T2-weighted Hypointense Area of increased hyperintensity,
but mostly hypointense
4-6 weeks (n = 4)
T1-weighted Hyperintense Area of hyperintensity increased
further; still some hypointensity
Proton-density-weighted Hyperintense Area of hyperintensity increased
further; still some hypointensity
T2-weighted Hyperintense Hypointense (3); hyperintense (1)

instance, on T2-weighted images, the induced thrombus was
hypointense when compared with adjacent normal brain
(Figs. 3 and 4).

Four of the nine aneurysms were also examined at follow-
up intervals of 4-6 weeks after treatment (see Table 1). In
each instance, the induced thrombus was uniform and hyper-
intense on all pulse sequences.

In all of the six cases studied within 48 hr of treatment, the
spontaneous thrombus showed some differences from its
appearance on the pretreatment studies. To a variable but
consistent degree, at this follow-up interval there were thin,
irregular streaks within these thrombi that were hyperintense
on T1- and proton-density-weighted images but hypointense

on T2-weighted images (Table 1). These were most prominent
around the thrombus periphery (Figs. 3 and 4).

Spontaneous thrombi in the four aneurysms studied at a
posttreatment interval of 5-10 days showed an increase in
the extent of these signal characteristics (see Table 1). Tissue
with hyperintense signal was still most prominent around the
periphery of the thrombus. In one instance there was a distinct
difference in the appearance of that portion of the sponta-
neous thrombus bordering the induced thrombus as com-
pared with its more peripheral portion (Fig. 3). Similar but less
striking changes along this boundary zone were present in
two of the other cases as well. Overall, the spontaneous
thrombus remained hypointense on the T2-weighted image;
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Fig. 3.—A, Coronal T1-weighted image 24 hr after treatment. Induced thrombus within aneurysm and adjacent internal carotid artery (arrow) is slightly
hyperintense. Streaklike areas with more hyperintense signal are present in and around adjacent pretreatment thrombus. These have increased since
pretreatment scan. Line of dark signal separates induced from spontaneous thrombus.

B, Coronal proton-density-weighted image from same study. Induced thrombus is homogeneous and hyperintense as compared with gray matter. Well-

defined margin persists between spontaneous and induced thrombus.

C, Coronal T2-weighted image from same study. Induced thrombus remains hyperintense while pretreatment thrombus becomes quite hypointense.

Some edema is evident in brain adjacent to aneurysm dome.

D, Coronal T1-weighted image 5 days after treatment. Central portion of induced thrombus has become more hyperintense. Increasing waferlike zones
of hyperintense signal have developed in spontaneous thrombus. Portion of spontaneous thrombus bordering induced thrombus has lost its laminations

and has signal characteristics different from more peripheral portion.

E, Coronal proton-density-weighted image from same study. Areas of hyperintensity are present in both spontaneous and induced thrombus. Portion
of spontaneous thrombus abutting posttreatment thrombus is almost all hyperintense, while peripheral portion is largely hypointense.

F, Coronal T2-weighted image from same study. Almost all of the posttreatment thrombus and most of the pretreatment thrombus is hypointense. High-
intensity tissue persists, however, in zone of pretreatment thrombus abutting induced thrombus.

however, the degree of hypointensity was less than that
observed on earlier follow-up studies. The signal intensities
from these spontaneous thrombi also were somewhat less
uniform than they had been on previous studies (Fig. 4).
Similar changes were present in the four patients examined
at posttreatment intervals of 4-6 weeks.

All six aneurysms examined within 48 hr of treatment
showed a slight increase in mass effect. In two of these there
was also evidence of development of edema in the brain
adjacent to the aneurysm (Fig. 3). All of these patients had
some headache at this follow-up interval; in the two with
evidence of edema, the headache was significant in severity.

Two of the four aneurysms examined at a posttreatment
follow-up interval of 4-6 weeks showed some decrease in

mass effect from the aneurysm, and when observed at a
follow-up interval of greater than 11 months, three of four
aneurysms showed a dramatic reduction in size. In two in-
stances, examinations at follow-up intervals of 26 and 27
months after treatment showed no evidence of any residual
mass (Figs. 5 and 6).

The one aneurysm that showed no decrease in size was
the only one in the series that underwent incomplete throm-
bosis. Follow-up angiography, CT, and MR examinations at
intervals of 18 and 24 months after treatment demonstrated
first a decreasing and then an increasing lumen size with no
change in the mass effect. The signal characteristics of the
large spontaneous thrombus were complex and not typical of
those seen in the other aneurysms in our series (Fig. 7). They
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did not change during the follow-up interval. Sedimentation
levels were not seen in any aneurysm at any follow-up interval.

Discussion
Pretreatment Assessment

When angiography, CT, and MR were compared for their
abilities to provide information that allowed distinctions be-
tween those aneurysms suitable for surgical therapy and

ET AL. AJNR:10, July/August 1989

Fig. 4.—A, Parasagittal T1-weighted image
through lumen of aneurysm before treatment.
Small amount of spontaneous thrombus projects
into posterior portion of lumen.

B, Corresponding T1-weighted image 48 hr
after treatment. Induced thrombus is homoge-
neous and isointense as compared with adjacent
normal gray matter. Small rim of hyperintense
tissue is present along upper portion of aneu-
rysm.

C, Axial proton-density-weighted image from
same study. Induced thrombus lies anteriorly
and laterally and is hyperintense. Spontaneous
thrombus lying along back and medial side of
aneurysm is of somewhat variable intensity but
overall is hypointense.

D, Axial T2-weighted image from same study.
Induced thrombus remains hyperintense. Spon-
taneous thrombus becomes more hypointense.

E, Parasagittal T1-weighted image 7 days
after treatment. Almost all of induced thrombus
is now hyperintense.

F, Axial proton-density-weighted image from
same study. Induced thrombus is more hyperin-
tense than on scan 48 hr after treatment. Spon-
taneous thrombus has changed also and now is
more hyperintense than on 48-hr posttreatment
scan.

G, Axial T2-weighted image from same study.
Induced thrombus remains hyperintense. As
compared with both pretreatment scan and 48-
hr posttreatment scan, spontaneous thrombus
has become much less hypointense.

those not amenable to such treatment, they were seen to be
complementary. MR provided the clearest indication of an
aneurysm’s relationships to adjacent neural and cisternal
structures. This results from a combination of the benefits
derived from superior contrast resolution and multiplanar
capabilities. MR was not useful, however, in defining the
relationships between an aneurysm and cortical bone or @
pneumatized sinus. Whereas CT was of little value in deter-
mining precise relationships of an aneurysm to neural, cister-
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Fig. 5.—A, Lateral projection of right common carotid angiogram shows giant intracavernous aneurysm.

B, T1-weighted image before treatment shows marked enlargement of right cavernous sinus. Some mass effect is evident on medial surface of adjacent
temporal lobe.

C, T1-weighted image 26 months after treatment. Except for absence of flow void in internal carotid artery, no abnormality is present. Proton-density-
and T2-weighted images showed same findings.

nal, and vascular structures, it was superior to both MR and
angiography in allowing recognition of mural calcification and
in defining the relationships of an aneurysm to the skull base;
this advantage is important since wall calcification and prox-
imity to the skull base are two important factors that may
significantly hinder successful clip application. MR was su-
perior to the other techniques for both recognition and char-
acterization of pretreatment aneurysm thrombus.

In our study, the precise relationships of an aneurysm to
its parent vessel were seen adequately only with angiography.
Although MR also provided information of this nature, in all
instances it was inadequate for deciding whether an aneurysm
was suitable for surgical clipping. The use of cine MR with
gradient-refocused imaging as described by Tsuruda et al.
[10] further enhances the capabilities of MR in this regard.
We believe the potential for error caused by partial-volume
artifacts, limited spatial resolution, and suboptimal flow-re-
lated enhancement still makes assessment with angiography
necessary.

Assessing the Effectiveness of Treatment

Partial thrombosis of a giant aneurysm, even if massive,
does not eliminate the risk of subsequent rupture [1, 11].
Enlargement of partially thrombosed giant aneurysms has
also been documented [11, 12]. Although the signs and
symptoms caused by the mass of a giant aneurysm often
respond dramatically to induction of thrombosis without re-
moval of the aneurysm itself, this benefit has usually been
attributed to a reduction of arterial pulsations on adjacent
neural structures; there are only a few well-described exam-
ples in which the mass has diminished after aneurysm throm-
bosis [1]. To our knowledge, there has been no previous
discussion of the effect of almost complete as compared with
total aneurysm thrombosis on the evolution of the mass
associated with intracranial aneurysms; in fact, distinction
usually is not made between those aneurysms that are almost

completely thrombosed and those that are entirely throm-
bosed [13].

Our experience indicates that when total thrombosis is
achieved there often will be a decrease in the mass of the
aneurysm over a period of time. Persistence of even a small
lumen seems to make evolution less likely. This is compatible
with the observation in pathologic material that often in aneu-
rysms that contain extensive thrombus, a small lumen remains
in contact with a largely thrombosed sac. The periphery of
the thrombus is composed of fresh thrombus and RBCs,
while its center is made up principally of dense fibrous mate-
rial; that is, a central organized thrombus with a marginal,
fresh thrombus and flowing blood [12].

Six of nine aneurysms in our series had MR follow-ups
adequate to assess the change in mass effect occurring after
treatment. Five of these had total thrombosis, and at intervals
ranging between 6 weeks and 27 months, all showed evi-
dence of decreased mass effect. One aneurysm with at least
90% obliteration of its lumen showed no change in mass
effect over a follow-up interval of 2 years.

In our series, unequivocal evidence of total aneurysm
thrombosis was provided only by angiography. Although the
use of cine gradient-refocused imaging techniques augments
both the anatomic and physiologic information available from
MR evaluation of vascular lesions, the limitations of these
techniques remain incompletely defined [10]. The frequent
presence of aneurysmal wall calcification, flow-related phe-
nomena, and the signal characteristics of evolving thrombus,
in our opinion, make it unlikely that even these methods will
allow one to be certain that tiny but potentially lethal residual
aneurysm lumens do not persist. .

MR Characteristics of Arterial Thrombi

A thrombus is a “solid mass or plug formed in the living
heart or vessels from constituents of the blood” [14]. De-
pending on its etiology, its site of formation, and the charac-
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Fig. 6.—A, Lateral projection of left carotid angiogram shows giant parophthalmic aneurysm. Before treatment no thrombus was present in this

aneurysm.

B, Coronal T2-weighted image 10 days after treatment shows mass effect from aneurysm.
C, Coronal T1-weighted image 11 months after treatment. Reduction in mass effect is striking. Small area of hyperintense signal persists just above
left side of optic chiasm. At its base is triangular area of homogeneous signal void (arrows).

D, Sagittal T1-weighted image from same study. No abnormality is present.

E, Parasagittal T1-weighted image just to the left side of D. Only a small area of hyperintense signal persists at origin of aneurysm. U-shaped area of

signal void is present just behind this (arrow).

teristics of blood flow where it originates, the composition of
a thrombus is a spectrum ranging between thrombi composed
predominantly of platelets and fibrin (i.e., arterial or white
thrombi) and those in which a much larger component of their
bulk comprises RBCs (i.e., venous or red thrombi) [15]. Both
by definition and composition, a thrombus is clearly distin-
guished from a hematoma.

Thrombus formation and dissolution is dynamic, and once
formed, a thrombus may evolve through lysis, embolization,
or organization, none of which are mutually exclusive. Com-
pletely organized thrombi are converted entirely into smooth
muscle and collagen. During organization, as the result of
thrombus lysis, contraction, and the formation of new capil-
laries derived from the wall of the vessel containing the
thrombus, new endothelialized channels form in and around
an organizing thrombus. Thrombus organization is impaired
when there is injury to the vessel wall containing a thrombus,

and when this is severe, organization may either not occur or
be incomplete [15-17].

It is impossible to predict how a particular thrombus will
evolve, and to our knowledge, there are no pathologic studies
of the evolution of thrombi within aneurysms of the intracranial
circulation. It seems probable, however, that a thrombus that
originates in a vessel, the walls of which are not severely
injured and can be isolated completely from the circulation, is
more likely to organize completely and consequently decrease
in size than is one that occurs under other circumstances.
None of the aneurysms in our series that decreased in size
had evidence of severe arterial wall injury, that is, calcification.
Persistence of any residual aneurysm lumen inhibits complete
thrombus organization.

The MR appearance of thrombi, like intraparenchymal he-
matomas, is diverse and is influenced by a multiplicity of
factors that may in turn influence one another in ways not yet
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Fig. 7.—A, Nonenhanced CT scan before treatment. Blood is present in interhemispheric and right sylvian fissures. Aneurysm lumen is of higher density
than is adjacent thrombus. There is thick calcification in much of aneurysm wall.

B, Frontal projection from right carotid angiogram the next day.

C, Coronal T1-weighted image 17 months after treatment. Small, indistinct area of flow void persists at aneurysm base. Thrombus with varying signal
intensity fills the rest of aneurysm.

D, Frontal projection from right carotid angiogram the day after scan shown in C. Lumen of aneurysm has greatly decreased since treatment; it
corresponds to area of flow void seen on MR scan.

E, Coronal T1-weighted image 6 months later. Except for increase in amount of flow void at aneurysm base there is no change in size or configuration
of aneurysm. There is some variation in signal intensities from those observed in C.

F, Coronal proton-density-weighted image from same study. Thrombus comprises tissue of both hyperintense and slightly hypointense signal intensity.
Note thin, peripheral rim of hyperintense signal. This was also present on images obtained 17 months after treatment.

G, Coronal T2-weighted image from same study shows both hyperintense and hypointense signal in thrombus. These characteristics were also present
on study 17 months after treatment.

H, Frontal projection of right carotid angiogram confirms increase in lumen size.
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thoroughly defined. These include the physical state of a
thrombus, that is, the state of clot retraction and organization;
the varieties of hemoglobin products present within a throm-
bus; and the proportion of the thrombus comprising WBCs,
platelet products, and fibrin [18, 19].

Those thrombi occurring in aneurysms as the result of
balloon occlusion of the parent artery are initiated primarily
by stasis and consequently are likely to be more closely
related in composition to venous (i.e., red) thrombi than to
arterial (i.e., white) thrombi.

Thrombi in the aneurysms of all six of our patients examined
within 48 hr after treatment had signal intensities consistent
with those of nonflowing blood, the erythrocytes of which still
contain oxyhemoglobin [20]. These observations coincide
with those reported recently by Kwan et al. [9]. The speed at
which thrombosis occurred in these aneurysms as well as its
extent at this follow-up interval are unknown. The absence of
sedimentation in any of these aneurysms implies that, at least
within 48 hr of being isolated from the circulation, blood within
an aneurysm is thrombosed.

In the period 5-10 days after treatment, as erythrocyte
lysis, hemoglobin breakdown, and thrombus organization oc-
curred, these stasis thrombi assumed some of the MR char-
acteristics of parenchymal hematomas. By 4-6 weeks after
treatment, the predominant signal intensity in these thrombi
corresponded to that expected for extracellular methemoglo-
bin. They differed from the typical appearance of an evolving
hematoma, however, in that at this, as well as at longer
follow-up intervals, tissue with a signal intensity correspond-
ing to that of hemosiderin was less prominent in these thrombi
than in parenchymal hematomas of corresponding volume.

The spontaneous or pretreatment thrombi in these aneu-
rysms were very different from the induced thrombi, both in
their initial appearance and in their evolution after treatment.
On pretreatment MR, thrombus did not have the appearance
characteristic of an evolving hematoma. After isolation from
the circulation, they underwent complex changes that overall
acted to shorten their T1 and to greatly lengthen their T2.
These alterations began to be apparent on scans obtained as
early as 24 hr after treatment. Similar but more extensive
changes were seen on scans obtained at a 5- to 10-day
posttreatment interval; these were even more apparent on
images obtained 4-6 weeks after treatment.

Because detailed histopathologic information about the ev-
olution and organization of intraaneurysmal thrombi is lacking,
explanation of the reason for these changes is at best spec-
ulative. The influence, if any, that these two types of thrombi
exert on each other is unknown.

The dynamic nature of intraarterial thrombus formation,
dissolution, and reformation is established and is well illus-
trated by the serial imaging studies in our patients. A review
of the literature combined with our experiences with these
nine cases, as well as others not having adequate sequential
MR studies to be included in this report, indicates that reduc-
tion in the mass effect caused by giant aneurysms can be
expected only when complete thrombosis occurs. Reduction
in mass effect occurs frequently after complete thrombosis
of giant intracranial aneurysms.
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Thrombus formation and dissolution is a complex, dynamic
process. Active thrombus in incompletely thrombosed aneu-
rysms differs from isolated organizing thrombus in completely
thrombosed aneurysms. Spontaneous thrombus and throm-
bus induced in aneurysm by parent artery occlusion differ in
mechanisms of formation and composition. Their MR char-
acteristics are also different.
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