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A new sonographic contrast agent, gelatin-encapsulated nitrogen microbubbles, was 
introduced intraarterially to enhance the high-resolution sonographic scan of an exper
imental brain abscess. The echogenicity produced by the microbubbles correlated 
closely to the site and distribution of abscess neovascularity . The contrast agent aided 
in the detection of small necrotic centers in the late stages of abscess evolution when 
these centers were not visualized on non contrast sonograms. The echogenic effect of 
the microbubbles was maximum immediately after injection; it decreased by 5 min and 
had virtually disappeared at 15 min. 

Echoencephalography has received renewed attention with the development 
of high-resolution B scanners . but its neuroradiologic application requires im
proved understanding of the sonographic imaging properties of brain abnormal
ities. Correlation of high-resolution scans. computed tomographic (CT) scans. 
and neuropathologic finding s can provide such basic information [1]. High
resolution scanning has also stimulated research in sonographic contrast agents 
with some encouraging results [2 . 3]. We report our ex peri ence with intravascular 
gelatin-encapsulated mi crobubbles (GEM) in an experimental brain abscess 
model to refine our knowledge of its pathogenesis and sonographic imag ing 
properties. 

Materials and Methods 

In three mongrel dogs, brain abscesses were produced with alpha streptococcus (1 0 8
-

109 colony-forming units) using a previously described technique [4). 

High Resolution Sonograms 

Coron al and sagittal high resolution sonograms were obtained th rough scalp musculature 
over a large craniotomy defect immediately after surgery to document the initial appearance 
of the injected agar-broth mi xture. Subsequently. precontrast and dynamic. real-time 
postcontrast scans were obtained during the late cerebritis stage. day 6. and during the 

late capsule stage. day 15 or day 16. in each dog. 
The sonographic imaging system (SRI International) was a real-time B scanner using a 

10 MHz. 64 element. linear array . Dynamic focusing was used in both transmit and receive 
to provide submillimeter resolution in both dimensions over the entire image. A fi xed 
acoustical lens provided foc using in th e direction orthogonal to the image plane. The fi eld 
of view was 3 x 4 cm and images were generated at 30 frames/ sec. 

Gelatin-encapsulated nitrogen microbubbles (GEM) we re used as a contrast agent in 
conjunction with dynamic scanning. To prevent motion. the dog 's head was affi xed to a 
stereotactic device and the transducer was immobilized over the reg ion of interest using a 
ring stand and c lamps. Gelatin-encapsulated nitrogen microbubbles were admin istered 
intraarterially through a 5 Frenc h polye thylene catheter placed selecti ve ly in the carotid 
artery ipsilateral to the abscess. One cc of 25 f.Lm spectrum GEMs was injected by hand 
over a period of 8 -1 2 sec. Each cc contained 2 - 6 x 107 microbubbles. the size of whic h 
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ranged from 1 to 50 jlm. Distribution of these microbubbles was as 
follows: 0-10 jlm, 9%; 11-20 jlm, 34%; 21-30 jlm, 17%; 3 1-40 
jlm, 28% ; and 41-50 jlm, 12%. The mean microbubble size was 25 
± 12 jlm. Glycerol was used as the injection veh ic le. Dynamic 
imag ing of the microbubble wash-in phase was accomplished by 
continuous videotape recording starting with a precontrast baseline 
view extending through the injection phase and continuing to the 
first evidence of decreasing contrast effect. Images at 1 sec inter
vals were selec ted from the videotape, transferred to video disk , 
and then photographed on a multiformat camera. Intermittent video
tape recording and Polaroid images were obtained 5, 10, and 15 
min after injec tion to document the washout phase. 

Neuropathologic Evaluation 

Neuropatholog ic evaluation of the experimental brain abscess 
was accomplished by sac rifi c ing the dogs immediately after th e late 
capsu le imag ing study (day 15 or 16). The dog's entire brain was 
removed and placed in 10% formalin for at least 5 weeks. The brain 
was then cut into 0.5 cm coronal slices and photographed for 
comparison with the sonogram. Sections encompassing the entire 

abscess were cut and processed and stained with the following 
stains: hematoxylin and eosin for general cytologic features, Gram 
stain for bacteria, reticulin stain for reticulin or precollagen, Masson 
trichrome and hematoxy lin van Gieson for mature co llagen, and 
Mallo ry phosphotungstic ac id (PTAH) and g lial fibrillary acid protein 
(GFAP) stains for gliosis and reactive astrocytosis . 

Results 

Sonography was limited to the late cerebritis stage (day 
6) and the late capsule stage (day 15 or 16). In the cerebritis 
stage, the abscess was characterized by an echogenic rim 
surrounding a hypoechoic center (figs. 1 and 2). The thick
ness of the hyperechoic rim varied from lesion to lesion (3-

6 mm), but was re latively uniform compared with the late 
capsu le stage for the same lesion . No neuropathologic 
corre lation was available for this stage of abscess formation 
in this study. One of the three abscesses had a multilocu
lated appearance, that is, two adjacent hyperechoic rims, in 
the cerebrit is stage. This lesion was subsequently shown 
both by the sonogram and neuropathologic examination to 
retain these multilocular features in the late capsu le stage 
(fig . 3). 

In the cerebritis stage, the intraarterial injection of mic ro
bubbles produced scattered areas of increased echogen
icity, which appeared rap idly as the microbubbles lodged in 
vessels. Deposition of microbubbles occurred primari ly in 
the echogenic rim with a greater number on the cortical 
aspect of the abscess compared with the ventricular side 
(figs. 1 and 2). Some microbubble deposition occurred 
along the external border of the precontrast echogenic rim 
resulting in a thickened rim (figs. 1 and 2). Real-time video
tape images obtained during the wash-in phase revealed 
microbubbles traversing the hypoechoic center demonstrat
ing the presence of intact vesse ls. Only a few new echoes 
were identified with in the hypoechoic center (fig . 1). The 
increase in echogenic ity of the lesion as a whole was not 
marked when compared with the change observed in the 
late capsule stage. 

In the late capsu le stage on the precontrast scan, the 
lesion was significantly smaller compared with the cerebritis 
stage. The echogenic rim had increased in thickness and 
the hypoechoic center had decreased in size or become 
undetectable. Both the inner and outer edges of the echo
genic rim were more irregular. Neuropathologically, this was 
explaine,d by extensive collagen deposition around prolifer
ating neovascularity that extended both into the necrotic 
center and into surrounding brain (figs. 4-6). When the 
necrotic center was undetectable, it was obscured by 
echoes produced by the inhomogeneity of its histologic 
features (fig. 6). A well localized necrotic center , which was 
occupied by a relatively homogeneous sea of polymorpho
nuclear leukocytes , was also obscured by lOW-level echoes 
on the precontrast scan (fig . 7). 

The intraarterial injection of microbubbles in the late cap
sule stage caused a marked increase of echogenicity of the 
abscess compared with the precontrast scan (fig . 8). The 
overall increase in echogenicity of the abscess was mark
ed ly greater in the capsule stage (fig. 8) than in the cerebritis 
stage (figs. 1 and 2). This increase occurred in areas that 
were already echogenic on the precontrast scan. As in the 
cerebritis stage, these increased echoes appeared imme
diately during the wash-in phase of the microbubble injec
tion. In the capsu le stage, precontrast scan echogenicity 
corre lated best with the distribution of perivascular collagen 
deposition. Since the r:n icrobubbles were intravascular, their 
distribution correlated c losely to the neuropathologic local
ization of vessels diffusely throughout the lesion , but partic
ularly intense around residual necrotic centers. The echo
genic ity around the centers was enhanced with microbub
bles, even if the residual center was quite small. The multi
locu lar character of the resolving necrotic center in these 
late stages cou ld only be appreciated with GEM (fig . 8) . 

Maximum echo enhancement was detected immediately 
after the wash-in phase of the intraarterial injection of mi
crobubbles for both the cerebritis and capsule stages (fig. 
9). This augmentation of echogenicity remained stable for 
several minutes but began to decrease by 5 min . At 10 min 
after injection, most of the GEM had dissolved with only a 
few areas still showing augmented echoes. The microbubble 
effect had essentially disappeared 15 min after injection . 
Although the dogs were under sedation, no side effects 
were noted during or after the injection of microbubbles. No 
microscopic evidence of microbubble damage was noted; 
however, the extensive changes produced by the abscess 
itself precluded any sensitive measure of structural injury. 

Discussion 

Gelatin-encapsulated microbubbles are a significant de
parture from contrast agents usually used in radiologic 
examinations. GEM are intravascular agents distinct from 
the more common radiographic water-soluble iodinated 
compounds, which, although intravascular for a short pe
riod, are primarily extravascular contrast agents. By virtue 
of their size, microbubbles are restricted to the intravascular 
space. They are excellent sonographic contrast agents; only 
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Fig. 1.- Serial sag ittal high-res
olution sonog ram s of day 6 brain 
abscess before (A) and 3 (B) and 9 
sec (C) after intracarotid injection of 
GEM . A, Precontrast scan. Thin ech
ogenic rim surrounds hypoechoic 
center typical of cerebritis stage. 
Horizon tal echoes in upper half o f 
image represent scalp musculature 
and dura. B, Early wash-in phase. 
Inc reased echogenicity within rim , 
more on cortical aspect of abscess. 
Echoes around rim were also more 
echogenic than in A. C, Late wash
in phase. Further augmentat ion of 
echoes in rim with continued pre
dominance on cortica l side. Small 
area of echogen icity within hypoe
choic center ( arrow ) corresponds to 
known areas o f neovascularity in this 
model. 

A B 

Fig . 2. - Serial sag ittal high-resolution sonograms of day 6 brain abscess 
before (A) and 3 (B), 6 (C) , and 11 (0) sec after intracarotid injection o f GEM . 
A, Noncon trast scan. Two adjacent echogenic rims, each with hypoechoic 
centers. Surrounding brain is hypoechoic except for cortical sulcus (oblique 
line o f echoes) on superi or lateral aspect of right lesion. B, Early wash-in 

small volumes of microbubbles result in marked changes in 
intravascular acoustic impedance, producing increased 
echogenicity [2 , 3]. The GEM used in this study would be 
expected to lodge in small arterioles and capillaries and 
thus identify this arterial anatomy in the experimental brain 
abscess. Portrayal of vascularity by the microbubbles cor
related closely with neuropathologic findings. Although in
flammatory neovascularity in the brain differs from normal 
brain vasculature, it appeared that the deposition of micro
bubbles correlated best with the amount of vascularity rather 
than any particular characteristic of this neovascularity. The 
echo augmentation produced by microbubbles was similar 
to that observed in an experimental tumor model [3]. 

In the cerebritis stage of abscess formation , an echogenic 
rim around a hypoechoic center characterized the high
resolution sonogram. The rim represented the marked cel
lular infiltrate around the developing necrotic center [1]. 
Intraarterial injection of microbubbles at this stage resulted 

c D 

phase . Only scattered areas of increased echogenicity (arrow) . C, 6 sec. 
Echogen ic rims appear thicker, especia lly on cortica l aspect. 0 , Late wash
in phase. Further deposition of GEM (arrows) . In A, peri phera l areas were 
hypoechoic. Overall magnitude of echo augmentation was relative ly low 
compared with later capsu le stage (fig . 8). 

in only a minimal increase in the echogenici ty of this rim, 
suggesting that the rim was relatively hypovascu lar. The 
echogenic enhancement was located primari ly on the cor
tical aspect of developing abscess, reflecting the more rapid 
development of neovascularity at this site [1 , 4]. This has 
been confirmed neuropathologically [1, 4]. Early neovas
cularity , which lacked significant perivascular collagen, was 
not echogenic on the noncontrast scan , but accumulation 
of microbubbles within these vessels allowed their identifi
cation peripheral to the cell ular infiltrate, as evidenced by 
th ickening of the echogenic rim (figs. 1 and 2). Although the 
echogenic ity of the necrotic center was minimally increased 
by microbubbles, real-time videotape viewing showed them 
moving through the necrotic center, indicating the presence 
of intact vesse ls. This finding and that of delayed contrast 
enhancement on the CT indicate the presence of some 
central vascularity in the cerebritis stage [1 , 4]. 

In the capsule stage of abscess evolution , the noncontrast 
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Fig. 5 .- Junction between outside border of collagen capsule and sur
rounding brain. Outer co llagen fibers, deposited primarily in perivascular 
distribution, have more irregular appearance compared with more centrall y 
loca ted concentric fibers. Numerous macrophages intermingled with collagen 
fibers. Irreg ular interface between outside co llagen capsule and surrounding 
brain corresponds to poorly circumscribed outside border of echogenic rim . 
(Trichrome, x 75). 

Fig . 6 .-lnner border between necrotic center (top) and collagen capsule. 
Necrotic center composed of primarily liquefi ed debris with scattered islands 

scan showed a smaller lesion with a thicker, more irregular 
echogenic rim around a smaller hypoechoic center [1]. At 
times, a definite hypoechoic region could not be identified; 
rather, the entire lesion consisted of low-level echoes. 
Echoes in the necrotic center were caused by inhomoge
neous pockets of inflammatory cells and liquid debris. The 
injection of microbubbles caused a marked increase in 

Fig . 3 .-Day 15 o f encapsulated ab
scess in figs. 7- 9. Two separate ne
c roti c centers were identified , each sur
rounded by thick collagen capsule. Low 
power view shows irregular outer border 
of capsule with extensions of collagen 
penetrating into surrounding brain . One 
necrotic center (left) was inhomoge
neous collection of liquid debris and cel
lular infiltrate, while second (right) con
sisted of more uniform co llecti on of pol
ymorphonuc lear neutrophils. Both types 
of necroti c centers were echogenic (Cf. 
fig . 8). (Trichrome x 11 .) 

Fig. 4 .-Day 16 of encapsulated 
brain abscess. Low power view shows 
we ll developed collagen capsule around 
inhomogeneous necrotic center. Echo
genic rim on scan correlated with distri
bution of co llagen fibers, while hypoe
choic center represented necrotic cen
ter. However, as in thi s spec imen, inho
mogeneity of necrotic center could result 
in echogenic ity with resultant obscura
tion of boundaries on noncontrast scan. 
(Tri chrome, x 11 .) 

o f inflammatory cells. These islands of cells produce echoes when large. The 
most central part o f collagen capsule showed characteristic concentric 
deposition of fibers. (Trichrome, x 75. ) 

Fig. 7. -Necrotic center (bottom) is a sea of acute inflammatory cells. 
Little liquefi ed materi al is present. This type of necrotic center produced low
level homogeneous echo pattern . Distribution of microbubbles around ne
c rotic center allowed its identification. Collagen fibers (lower left) of capsule 
were present but relatively poorly formed in this part of abscess. (Trichrome, 
x 75. ) 

echoes throughout the entire abscess, except the necrotic 
center. Small necrotic centers were now readily visualized 
as hypoechoic because they were surrounded by marked 
echogenicity. Even in retrospect, these small necrotic cen
ters were not identifiable on the non contrast scan. The 
difference in accumulation and distribution of microbubbles 
in the cerebritis and capsule stages reflected the quantita-
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Fig. 8. - Seria l sagittal high resolution sonograms of day 15 brain abscess 
before (A) and 2 (B) , 4 (C) , and 6 (D) sec after intracarotid injection of GEM 
(later version of lesion in fig. 2). Its size had decreased but it retained il s 
multiloculated character , although this was not appreciated on A, wh ich 
showed relatively so lid area of echoes. Scattered periph eral echoes repre
sented perivascular collagen deposition around main capsu le. B-D , Wash-in 
phase. Prog ressive deposition o f microbubbles result in marked increase in 

Fig . 9. - Seri al sagittal high-resolution sonograms of day 15 brain ab
scess; washout or dissolution phase of GEM. A, Noncontrast scan. Lesion 
composed of relatively homogeneous echoes surrounded by scattered 
echoes. B, Immediately after injection of GEM . Marked increase in echogen-

tive difference in vascularity of these abscess stages. 
Gelatin-encapsulated microbubbles. proved to be an ex

cellent sonographic intravascular contrast agent. The distri
bution of these microbubbles correlated closely to the time 
course of development and the localization of neovascularity 
in this experimental brain abscess model. With appropriate 
calibration , qualitative and possibly quantitative estimates of 
blood flow seem possible. Although introduction is currently 
limited to intraarterial injection , further investigation of this 
contrast agent could prove fruitful in furthering both the 
imaging and quantitative potential of high-resolution son
ography. 

echogenic ity of lesion. These new echoes have formed two th ick echogenic 
rings, corresponding to neuropatholog ic locu lations in fig . 2. Palholog ically , 
site o f mic robubble deposition correia led besl with vessels in well developed 
collagen capsule. Relalively hypoechoic centers on postconlrast scan rep
resented necrotic centers. Echo augmentation was much grealer in capsule 
stage compared with cerebriti s stage in same abscess (fig . 2). 

icity, with two small residual necrot ic centers becoming detectable. C, Micro
bubbles rapidly dissolved, resulting in decreased echogenicity by 5 min . 0 , 
near absence of enhancement eHect by 10 min . 
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