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Comparison between Adventitial and Intimal | nflammation of
Ruptured and Nonruptured Atherosclerotic Plaquesin
Human Coronary Arteries
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Julia M. L. Silvestre, Peter Libby, José A. E Ramires
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Objective - To verify the possiblerole of adventitial
inflammation in ather osclerotic plaque vulnerability and
coronary artery remodelling.

Methods - We compared the mean numbers of lym-
phocytes in the adventitia and in the plaque of ruptured
thrombosed and stabl e equi-stenotic coronary segmentsof
34 patientswho died dueto acute myocardial infarction.
We also analysed adventitial microvessels, adventitial
fibrosisand the external elastic membrane.

Results- Inthe adventitia, the numbers of lymphocytes
and microvessel s/mn? were 69.5+88.3 and 60.9+ 32.1in
culpritlesonsand 16.4+ 21.1and44.3+16.1linstablelesions
(p<0.05); withinthe plaques, themean number of lymphocy-
teswas 24+40.8 in culpritlesonsand 10.9+13.2 in stable o-
nes (p=0.17). The mean percent area of adventitial fibros s/
cross-sectional area of the vessel was significantly lower in
unstableplagques(p<0.001). Theconfocal imagesshowed ho-
lesintheexternal elastic membrane.

Conclusion - Unstable plaques exhibit chronic pan-
arteritis, accompanied by enlargement, medial thinning,
andlessfibrosisthanin stablelesions, whichiscompatible
with vessel aneurysm. Adventitial inflammation may con-
tribute significantly to atheroma instability.
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Much experimental and clinical evidencelinksinflam-
mation and atherosclerosis; for example, systemicindicesof
inflammation may play arolein predicting risk of coronary
events!2. Many reports*®haveattributed toinflammation
inthe cap and shoulder of the atherosclerotic lesion afun-
damental pathogeneticrolein plaguedisruption and conse-
guent acute thrombotic complications; otherwise, micro-
vesselsin atherosclerotic plagues have been considered to
favor theinflux of inflammatory cell sinto them °%°. Few pa-
thological studies have addressed the involvement of
inflammationinthemediaor adventitia**?inthedevel op-
ment of atherosclerosisand arterial remodelling. We have
recently demonstrated that unstable thrombosed plaques
responsiblefor fatal acutemyocardia infarction (AMI) are
usually larger than equi-stenotic stable plaguesinthesame
patient, havinglarger luminadueto thecompensatory posi-
tiveremodelling of the vessels 3. In the present study, we
propose that the chronic adventitial inflammation and
neovascul arization may contribute to the thinning of the
medial layer and compensatory enlargement of coronary
segmentswith vulnerable atherosclerotic plagues.

Methods

The present work was approved by the Scientific and
EthicsCommitteeof theHeart Ingtitute (InCor) of Séo Paulo
University Medical School.

Thirty-four specimens from consecutive necropsies
performed at theHeart I nstitute (InCor) of the University of
S0 Paulo Medical School from patients who died dueto
AMI from 1985to 1986 werestudied. Thisperiod wascho-
sen because at that time procedures like angioplasty or
thrombolysiswere not aroutinein this hospital, thusthe
coronary arterieswerefreeof conditionsthat could produce
artificial changesin plaguemorphology. All but 2 specimens
had been used in aprevious study from our group 2.

Cross sectionsfrom 2 groups of coronary artery seg-
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mentswereanalyzed: Group | - 34 thrombosed coronary ar-
tery segmentsresponsible for the AMI; and Group I - 34
nonruptured (stable) segments situated in another corona:
ry artery branch of the same heart, with asimilar grade of
stenosisand matched according to thedistancefrom the co-
ronary ostium.

Tissue blocks containing the culprit lesions were
serialy sectioned to definethe exact site of plaquerupture
orerosion. Ateachinterval of 30pum, wereserved Spm-thick
sectionsfor histological analysis. The section exhibiting
themost extensive plaguerupturewas used for morphome-
try of thevessel areasand plaque constitution. Subsequent
sectionswere used to quantify theinflammatory cells, ad-
ventitial microvessels, and thicknessesof themedial layer,
adventitia, and externd elasticmembrane (EEM).

Atherosclerotic plaque areas - We used the data obtai-
ned in the previous study *3, presented in table 1: aL eica
image analysis Quantimet 500 system was used to measure
the plaquearea(theregion encompassed by thed asticinter-
nal membrane) in Movat-stained coronary artery histological
crosssections. Group | hadlarger plagues(9.8+ 4.8mnv) than
didGroupl| (4.8+2.3mm).

Microvesselspresentinall tangential 400x microsco-
pic fieldsthat surrounded the arterial cross section were
counted in Movat-stained slides.

Immunohi stochemistry wasused for characterization
of theCD8-T, CD4-T, and CD20-B cells, withNovocastra,
UK (CD8) and Dako-Patts(CA, USA) antibodies. For CD8-
epitoperecovery, thesectionswereboiled in sodiumcitrate
buffer (10mM, pH 6.0) for 15 secondsbeforereactions. Im-
munohistochemical detection of the epitopes used the
indirect horseradish peroxidase technique as previously
described .

Thelymphocytespresentinall 400x microscopicfields
of the adventitiawere counted in each of the selected seg-
ments. The total amounts were divided by the number of
fieldsand divided by 0.36 mm? (whichistheareaof each mi-
croscopic field) to obtain the mean adventitial number of
lymphocytes/mm?.

Lymphocytes located within the plaques were also

Tablel - Mean numbers of lymphocytesin intimal atherosclerotic
plaques and adventitia of stable and unstable (culprit) coronary
ather oscler otic segments from the same individuals

Adventitia Intimal plague
Lymphocytes Culprit Stable Culprit Stable
Jmn? lesion lesion lesion lesion
(n=34) (n=34) (n=34) (n=34)

CD20-B*= 34 +58.1 59+132 54+16.7 19+ 44
CD8-T* 20.5+30.3 5 + 57 136+234 56+ 75
CD4-T*S  162+194 58+ 78 62+ 7 34+ 4.1
Total *5 69.5+88.3 164+21.2 24 £40.8 109+13.2

*- Differences between culprit and stable lesions in the adventitia are
significant; 8- Differencesbetween culprit and stablelesionsin theintimal
plague are significant; =- Differences between adventitia and intimal
plagques in culprit lesions are significant. No other difference was
significant.
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counted; their numbersweredivided by theareaof theplague
(discounting thefat area, whichwasdevoid of lymphocytes)
to obtain the plague concentration of lymphocytes/mm?.

The areas of adventitial fibrosisand the medial layer
were measured using the Leicalmage Analysis System -
Quantimet 500, in Masson's trichrome-stained sections.
Theseresultswere divided by the respective cross-sectio-
nal areaof thevessel fromtheEEM, thusindicatingtherela-
tive thickness of these components. Movat’s stain was
usedtoidentify the elastic membranes. Themean of 3mea-
suresin400x microscopic magnification of EEM thickness
and of adventitial fibrosisjuxtaposed to the EEM were ob-
tained, both at thesitewherethe atheromawasmoredevel o-
ped and at the opposite side. For measurement of EEM
thickness, we considered only the closely disposed elastic
fibers. Distant fragmented el astic fibersmixedintothefibro-
siswerenotincludedinthethicknessof theEEM. Qualitati-
ve evaluation of EEM was performed in 3-D imageswith
confocal laser microscopy, in 20um-thick sections stained
with antinuclei fluorescent reagent (bath with propidiumio-
dide[Sigma, MO, USA] at 1:400 during 3minutesinahumid
chamber at dark). Becausetheel astic membraneisauto-fluo-
rescent and detected in afluorescein channel, 2 color ima-
gescould be acquired.

Statistical analysis - The comparisons concerning
quantitativedatawere performed with Friedman’srank test.
Pearson’s test was used for the correlation between
percentage of adventitial fibrosis and cross-sectional area
of thevessdl. Testswith p<0.05were considered significant.

Results

The mean number of adventitial microvessels/mm?
was60.9+32.1ingroup | (coronary artery segmentswith
culprit lesions) and 44.3+16.1 in group Il (with stable
atherosclerotic plagues) (p=0.04).

The quantitative data concerning lymphocytes are
summarizedintablel; figurelisagraphicrepresentation of
the amounts of total lymphocytes.

Intheadventitia, themean numbersof CD20-B, CD8-T,
CD4-T, and total lymphocytes/mm? were significantly
higher in the adventitial layer of Group | thanin Group |1
(p<0.001 for al of them; tablel). The CD20-B cell wasthe
main lymphocyte present in the adventitiaof Group|; in
Group 1, asimilar proportion existed among the 3 subtypes
of lymphocytes.

Within the plagues (excluding thelipidic areq), the
difference between the 2 groups was not significant with
regard tothemean number of total lymphocytes(24+40.8in
Grouplvs10.9£13.2inGroupll, p=0.17), CD8T cdll -which
wasthemain lymphocyte present (13.6+23.4 and 5.6 7.5,
p=0.09),and CD20-B (5.4+16.7vs1.9+4.4, p=0.49), but more
CDAT cellswerepresentintheculprit (mean 6.2+7) thanin
thestablelesions(3.4+4.1) (p=0.04).

Comparing plaque versus adventitiain the same seg-
ments, in Group | moreCD20B andtotal lymphocytes/mm?
werepresentintheadventitiathanintheplague(34+58.1vs
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Fig. 1. Number of lymphocytes'rmm?in the adventitiaand atherosclerotic plaquesof
atherosclerotic plagues and adventitia of stable and unstable (cul prit) coronary
atherosclerotic segmentsfrom the sameindividuals

5.4416.7, p<0.01, and 69.5+88.3 vs 24+40.8, p=0.02); the
differencesconcerning CD8T (20.5+30.3vs13.6+23.4) and
CDAT (16.2+19.4vs6.2+7) werenot significant (p=0.28and
p=0.06, respectively). Inthestableplaques(Group1), none
of the differenceswere significant (CD20B- 5.9£13.2 vs
1.9+4.4,p=0.17; CD8T-5.0+£5.7vs5.6£7.5, p=0.6; CDAT-
5.8+7.8vs3.4+4.1, p=0.39; total lymphocytes-16.4+21.2vs
10.9£13.2,p=0.73).

Neutrophilswere almost absent in stable plaquesand
present in variable amountsin ruptured plaques, mainly
adjacent to the thrombi but never as an important compo-
nent of theinflammation. Macrophageswerethemost fre-
quent inflammatory cells, in the ruptured plagues, usually
full of intracytoplasmiclipids(foamcells). Variableamounts
of plasmacellswere seen adjacent to the other typesof lym-
phocytes, mainly intheadventitia.

The mean percent area of adventitial fibrosis/cross-
sectional areaof thevessel wassignificantly lower in Group
I thaninGroup 1 (16.24+5.07%Vvs28.95+9.76% respective-
ly; p<0.001). A wesak negativelinear correl ation existed bet-
ween percentage of adventitial fibrosisand cross-sectional
areaof thevessd (r=-0.57; p<0.01). Themean percent areaof
medial layer/cross-sectional areaof thevessel wassignifi-
cantly lower in Group | thanin Group Il (11.79+4.35%vs
20.9+8.45%, p<0.001). Figure2 exemplifiessuchmedial atte-
nuation that occursin vulnerable plaques; associated with
mononucl ear inflammation of thewall.

The EEM under the base of the ruptured plaque was
thinner than that of the stable plaques (3.81+2.59 vs
6.87£5.49um, p=0.003). TheEEM onthebaseof theunsta-
ble plagues was more fragmented and thinner (fig. 2B); a
significant difference existed between the thickness of the
EEM at thesideof themajor plagueburden (wheretheEEM
wasthinner) than at the opposite side. It was more evident
in Group | but also occurred in Group Il (3.81+2.59 vs
7.13+7.32,p=0.005; and 6.87+5.49vs8.47+5.97,p=0.06). Ho-
wever, in Group |1, the EEM was less fragmented, and
usually thickened (fig. 2C). The 3-D confocal imagesshow
holesinthe external elastic membranesand inflammatory
cellssurrounding them (fig. 2D), inathrombosed ruptured

plaque segment.

22

Arq Bras Cardiol
2002; 79: 20-4.

Discussion

Theroleof inflammation in atherosclerosis couldin-
volvenot only the pathogenesisof atherosclerotic plagues,
but also their rupture. Concerningthislast point, theintima
has received much attention as asite of inflammation %,
whiletheadventitiahasremainedrel atively unexplored.

In the present study, we compared ruptured plaques
with stable ones. We choselesionsfrom the same patients,
at asimilar distance from the beginning of the coronary
branch, and causing approximately the same degree of ste-
nosis. Thus, thedifferencesthat would befound were pro-
bably related to the acute complication. We morphol ogi-
cally quantified some features that denote inflammation,
namely the number of lymphocytes and microvessels,
comparing the variations between ruptured and stable pla-
gues both intheintimal lesionsand in the corresponding
adventitial zones. Interestingly, the differencesweremore
prominent intheadventitia, wheretherewasasignificantly
higher number of lymphocytes'/mm? (duemostly to CD20-B
cells) thanin the plaguesin the unstable group.

In an ongoing study, we compared another group of
obstructive stableatheromatouscoronary artery segments.
These are from patients submitted to el ective myocardial
revascul arization who died due to causes other than acute
myocardial infarction. No significant histopathol ogical
differences was found with the present group |1 of stable
plaques?.

With ultrasound analysis, Depre et a **found more neo-
vessdsintheplaquesof patientswith acute syndromesthanin
patientswith stable coronary insufficiency. Kumamoto et a 6
observedthat thedensity of new intimal vessd scorrelatedwith
theincidence of lumen stenosis and severity of inflammatory
infiltrate. Zhang et al *” demonstrated adirect correlation
between the increased amount of intimal microvesselsand
intimal thickness. Our findings agree with these dataand may
reflect increased angi ogenic simulation from lymphocytes. In
thisregard, activation caninduce T cellstodevelopangiogenic
mediators®. Inspiteof predominating B cells, agrest amount of
T cellswerepresent in the adventitia. Thestimulusfor B cells
could bethe presence of bacteriaaswehavedemondratedina
recent article®. The most numerousinflammatory cell inthe
plagueisthe macrophage, mainly in unstable plagues, aswe
haved ready reported . However, apparently, macrophagesare
performing aphagocytic function becausethey areusualy full
of lipids(foam cdlls). Inthe adventitia, macrophageswered so
present butinsmall quantities.

To better understand therol e of adventitial inflamma-
tioninatherosclerosis, itis worth calling attentionto thefact
that, aswe showed in another study using the same patient
group =, aswell asby intravascul ar ultrasound imaging %,
theruptured plaquesare bigger than stablelesions, and the
segments containing them are dilated. Associating the
present findings with the previous ones, we propose that
rupture of coronary artery plagues usually occur in huge
lipid plaguesthat formin an aneurysmatic dil ated segment
of thevessel asaconsequence of pan-arteritis(fig. 3).
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Fig. 2. A) Histological view of athrombosed ruptured atherosclerotic plague showinglargelipid core, attenuation of the media(between small arrows) and severeinflammation of
theadventitia, which extendsto themediaand to the base of the plague. Theexternal el astic membrane (EEM - long arrow) isfragmented. (Movat- 100x). B) Detailed histol ogical
view of aruptured plaque vascul ar ssgment exhibiting progressive disappearance of the media(between small arrows) and fragmentation of theexternal elastic membrane (EEM -
long arrow), associated withinflammatory cellsand neovascul arizationin theadventitia Theinflammatory infiltratereachesthe base of the plaque (Movat - 200x). C) Comparative
detailed histological pictureof astable plague vessel segment exhibiting well preserved media(between small arrows), thickened external elastic membrane (EEM - long arrow),
andlack of adventitial inflammation (Movat 200x). D) 3D microscopic view at theconfocal laser microscopy showinglymphocytesinyellow in closecontact with aexternal elastic

membrane (red) presenting many holes (whitearrows) inavulnerable segment.

Megative remadelling
favours stability

Positive remodelling
favours instability

Siahde Ruoptured
Mague Flaque

e el

Fig. 3- Sketch representing different scenariosfor lumen atherosclerotic obstruction
determined by different forms of vessel remodelling. Negative remodelling shows
adventitial fibrosis, thickenning of external elastic membrane (EEM - inred),
associated with medial layer hypertrophy. The plaqueisfibrocellular, containing
many smooth musclecells; evenif itsareaissmall, it may cause severeobstruction of
thelumen. Positive remodelling is associated to adventitial inflammation with less
fibrosis, fragmentation of EEM, medial thinning and vessel dilatation; theplaqueis
large, containsmorelipid, ismorevulnerableand thelumen may be preserved.

Although atherosclerosisiscommonintheabdominal
aorta, aneurysms are quiteinfrequent. Many articles sug-

gest that agreat number of the el astic fibers must be des-
troyed for thistype of lesion to occur 222, On the other
hand, themain sourceof elastase, aswell asof theother me-
talloproteinasesthat degrade extracel lular matrix proteins,
aretheinflammatory cellsZ. In accordancewith our hypo-
thesisthat unstablelesions could bearteritiswith aneurys-
matic dilatation, aortic atherosclerotic aneurysmsare also
associated with a pronounced inflammation, composed
mostly of plasmacells?, and infectious agents such as
Chlamydia pneumoniae have also been found .

Our hypothesisisconsistent with datain theliterature
indicating that B cellsareimportant for stimulating CD40L
(CD154) in atherogenesis %. In the present study, we
observedaprominent B cell (CD20+lymphocyte) infiltratein
the adventitia. Thus, we measured the external elastic
membranein silver-stained sectionswith common mi crosco-
py to check whether areas with severeinflammation have
eastolysisand dilate. Thismembranewasthinner inthere-
gions of the artery containing the greatest atherosclerotic
plaquesthan in the remaining portions of thevessel; impor-
tantly, this difference was more prominent in the unstable
segments(mean of 3.8umintheregion of theruptured plaque
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and 7.1 umat the oppositeside of the same segment; mean of
6.9 umversus8.5 uminthecontrol segments). Theconfocal
laser microscopica analysisconfirmed thesefindings.

Rupture of the EEM al so occurred on the base of
stable plagues, but to alesser degree than on the unstable
ones. We specul atethat i nthe beginning of thelipidic depo-
sition process, vessel wall inflammationisalready present.
Thehealing of suchinflammatory lesions, to circumscribe
the lipid accumulation, would lead to devel opment of sta-
ble atheromas, characterised not only by afibrotic cap on
theintimal surface, but also onthebaseand on the adjacent
adventitia, explaining also the EEM fragmentation. Thisfi-
brotic healing tissue may cause vessel constriction (nega-
tiveremodelling), also explaining severe obstruction cau-
sed by small fibrotic plaques(fig. 3).

Itisnoteworthy and traditionally reported that throm-
bosisisnot frequent in the aorta, even with severe athe-
rosclerosis, but iscommonly found in aortic aneurysms.
The usual explanation to for thisisthat in aneurysmatic
areastheblood flow isslow. A rolefor fibrous cap degra-
dation, linkedtotheinflammatory process, could betaught
isthese casesaswell.

In conclusion, acontrast can be noted between areas
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containing ruptured and stabl eatheroscl erotic plaques(fig. 3).
Segments with stable plagues display either narrowing or
absence of remodelling. In theselesions, the vessel shows
medial thickening. Dueto thewholevessel diameter nar-
rowing, even small coronary artery intimal plaques could
substantially obstruct the lumen. Unstable atherosclerosis
would usually berelated toagreater inflammatory infiltrate
and increased number of microvessels at the adventitia.
Theinvolvement of thislayer contributesto the characte-
risation of aprocess of pan-arteritis, which might belin-
ked, by the action of elastase and other matrix-degrading
enzymes?, todilation of thearterial segment (aneurysm).
Thus, even large lesions could be associated with only
moderate percent coronary obstruction, plagque rupture,
and thrombosis.
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