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U. 3. ARKY CHEMICAL CORP6
FORT DETRLICK, FPEhIRICK, MARYIAND

Contribution to the koowledge of senile arterial changes.
(On the senile fibrosis of the arterial wall.)

by A. M. TroitzkaJa-indreewa.

Translated from: Frankfurter Zeitschrift fuer Pathologie,
lh: 120-135 (1931).

Although the literature dealing with arterial changes at various age
levels is quite extensive, this question has not, been investigated with
sufficient versatility and finality heretofore. In the past, researchers
(Jores, 'ilb. i•schoff, Ilallenberger, Oppenheim, Wolkoff) directed their
attention almost exclusively to the senile changes of the inner arterial
membrane and subjected the development and alterations of its layers to a
thorough investigation. The senile alterations of the central arterial
membrane have been treated relatively little (K. Dietrich). Only a few
authors (G•uenstein, Staemmler) dealt in detail with its structure in
correlation with age. ind yet, the senile changes of the central membrane
undoubtedly are of great importance for the understanding of socalled
arterial "detrition" in advanced age.

From this point of view, Staemmler'3 work, in which he points to an
increase in the amount of connective tissue present in the media of muscu-
lar type arteries with advanced age, deserves particular attention. lie
observed this process in the art. lienalis and art. renalis and calls it
"fibrous degeneration" of the arterial musculature. However, Ssobolew,
long before Staonl•ler, reported a considerable development of connective
tissue ini the wall of the art. iliaca com. and in the aortal wall, indica-
ting a type of "cirrhosis" of the arterial wall. lie did not present an
exacter description of this process and failed to point out a correlation
to agA.

Finally, K. Dietrich recent-ly mentions an increase in the collagenous

substance in the media with reference to age. However, he did not inv-sti-

gate this process more closely, since his attention was directed rneimaiily
to the changes in the muscular elements in dependence on blood pressure
fl *Pctuati ons.

In view of the great interest inherent in the investigation of senile
changes of the media of bethi muscular as well as eleastic arteries,' I have

undertaken research into the struutaral alterations of the central arterial
membrane in correlation with age, with principal stress on the development
of the collagenous substance occurring therein.
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Miaterial and method of the investigations.

In order to gain a more precise idea of the amount of collagenous
subsLance in the media for everyj single case, consideration had to be
given to the fact, that the co-nnecti've tissue fibers are Qovered by a
chromotc pic intermediate substance upon oruinary staining (Ssolowj ow,
Sciiultz). tHenco it is absolutely necess,'liy to differentiate between the
colla,-enous .ubstaunce and the intermediaLe substance in any evaluation of
the chango in the former's quantity in the arterial wal.I.s with respect to
age. Accoruirng to 5soiowje-. data, sparse, lossely situated connective
Hqi P fihers apnpar in the a, Gerial wall when exposed to the effect3 of
poLassium and soda lye solutions in concentrations of 0.1% to 1%, which
are no lorner covered by the chromutropie intermediary substance. Iased
on these data as well as on the investigations of other authors (Hansen,
Tretjakow), a number of materials may bc used to disso~ve the chromo-
tropic, mucoid substance; in addition to caustic soda solutions, these
include eh.-omic acid, picric acid, osmic acid, potassium manganaLe arid the

lye solution recommended by Hanson, consisting of equal parts baryta water
and lime water and 10% NaCI.

Based on the literature quoted here, I treated a number of arterial
specimcns with the reagents indicated in preliminary tests, in an attempt
to effect a complete dissolution of the intermediary substance without
noteworthy damage to the structure of the arteriall wall. Pieces of qorta,
fixed in 95% alcohol, were oubmer -3d in va4'ious solutions (2.-6-12-24 hours),
i.e. in a KOH and NaOH so!bition ja a concentration of 3:100, up to 1:1,000,
as well as in 1% chromic acid and picric acid, and in Hansen's mixture.

.ifter treatment with the reagen'.s, the specimens were washed for
several hours under running water and imbedded in paraffin following
prepara+ioLi with alcohol and chloroforn. Staining of the sections with van
Gieson, Mallory :tnd Unna's polychromic methylene blue. I was able to
determine as a result of these tests that Hansen's mixture is most suitable
and complete&ly iieets the requirements. SLaining with polychromic methylene
blue eliminates the chromotripio substance, while the remaining elementc of
the arterial wall. stain norma-lly and do not suffer riomewurLhy daiga. The
preparations 5tained with van !1-P eson Ad MP1 I nry merely' showed a somewhat
looser arrangement of the collagenous substance when compared to non-
treated control sections.

Exarinations of the arterial wall the presence of collagenous
substance in conjunction with age coul3 oe undertaken only after these
preliminary steps. I utilized the same technique as described above:
The sections, treated with Hansen's mixture for one day, were rinsed for
a few minutes in a 1/10 nomnal solution of hydrochloric acid, since the
phwiol-phthalein test had shown that the lye remains in the tissue for a
long period of time. In addition to the stains listed above, I used Foot's
method for the imrpregnatioiL cf gitter cells; here the eections were not
pre-treated with lye.
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My iwateriatl consisted of the following ari.bJres: Aorta (the ascending
portion of the arch, the thoracic aorta and the abdumirnl aorta), art.
carotis communis, a. femoralls, a. brachialis, a. lienalis, a. mesenterica
superior, a. coronaris cordis dex. and sin.

The iýrt Pies 1lsted were examined in 21 cases of the fol]owing age
levels: 9 days - 3 cases; 5, 10, 23 aýI 40 years - 2 cases each; 16, 20,
24, 27, 42, 5-3, 56, 62 and 83 years - 1 case each.

In microscopic exand nation of the- artcri.,?o of ulder persons, sections
fro m. arterial portions without visible patbologic lesions were used ex-
clusively, the miaterial being selected from individuals with acute causes
of death, whenever poa3ible.

Arteries of the elastic type.

Art. carotis ,"omnunis. 9 days old (Fig. 1). The collagenous sub-

stance is already well defined and represented in considcrable quantity
in the first days of life. Thfe coarser fibers stain dark blue wiLh Mallory,
the finer precollagenous ones turn light blue. The intima is thin at tUhis
age and shows (with Mallory) a large amount of interlaced light blue
fibrils; in addition, dark blue collagenous fibers are present. here that
border primarily on the inner side of the 1. elast. int. Similar, rather
coarse fibers are located in the media, progressing along the outside of
the 1. elast. int.

The c-ntral layer contains well pronounced, rather thick collagenous
fibers at this age, being for the most part located outwards, before the
membranes. These fibers hug the elastic laminae quite intimately by
following their undulating course. They are the source of fine fibrils
which surround the elastic membranes and form networks between tb.em.
Everywhere, precol.lagenous, fine fibers run through the gaps in the elastic
membranes arni penetrate the intima from the mmdia through the gaps in the
1. elast. int. (nee also Benninghoff's data). The total awount of collagen
increases toward th outer arterial layer which contains thick collagenous
fibers. A large number of muscle fibers with circular courses are located
-betl~ween t-he .mbran.cc of the mediJa Jn early chil d .hood; t"i at, oeI(.G

I throughout the entire vascular circumference is very regular, with a
swollen, juicy appearance.

The art. canotis conuunis at this age shows approxdimately the same
conditions upon treatment either with Foot's stain or Mallory's. The
gitter cells entwine the elastic membranes in places and form networks
between them.

Age 5. In addition to a general thickening of the vascular wall, the
comparison with the preceding age group revealq an increa e in collagen,
expressed by an increase in collagenous and precollagenoui. fibers as well
as by a thickening of the individual fibers. The network of fine fibrils
in the intima is considerably denser than at the preceding age level,
accompanied by a rise in the wount of eoar-c fibers staining dark blue
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wi.th Mallory. The central layer contains fairly coarse cllagelnou:I fbe.rnI
which borLicr on the elastic lamellae, not. only front the outside, as had
been the case with newborn, but also from the inside. The spaces between
thc elastic mnn•branes are considerably wider than at the earlier age, arid
are filled with.i a dense network of 'ine fibril.- that stain light blue with
Mallory and are impregnable with si._ver by Foot's method.

Age 10 and 16. The structure of the media fails to reveal essential
deviationr from the conditions described alxve, hut the 0 "iitity of
collagenous and precollagenous fibers is slightly great-r' than at the
earlier age.

Starting with the third decade (age 21t), especialiy dense accumula-
tions of collagenous fibers are found in the inner as well as the central
layer. The latter h"b.rs thick bundles of collagenous fibers, stainud
dark blue by Mallory, not only on the inside and outside of the elastic
membranes, Inut also in the space between them, ne.xt to the network of fine
fibers observed in the earlier age groups. Particularly thick bundles of
collagenous fibers are situated prcdominantly in the outer Leyers of tbh
media, as already observed in earliest childhood. t. this age the gaps in
the elastic membranes are much more noticeable than before (Gruenstein,
Voigt). Prec'llagenou6 fibers penctrate these gaps everywhere. The
amount of muscle fibers in the media seems to h-ive increased in comparison
with earlier years. Their arrangement is no longer as regular along the
entire vascular circumference as noted -.n chiildhood. is early as age
5-10, the muscle fibers group themselves into individual bundles
separated by collagenous fibers.

Material of the fourth decade failed to reveal additional increases
in collagenous fibers, although isolated coarse fibers came into greater
prominence. The gaps in the elastic membranes are everywhere filled with
networks of collagenous and precollagenous fibers. The quantity of muscle
fibers seems to be increased somewhat in comparison to earlier age groups;
the bundles are frequently rather short.

Tn 1-hp Al-h -ty 7t.h decades. the collagenous ribars of the cases
examined by me (age 53, 56 and 62) show a dull blue hue after staining
with Mallory wnen compared to younger iaterial; van Gieson's stain pro-
duces a homogeneous appearance, the bundle contours are indistinct (see
also Voigt's description). The gaps in the elastic membranes are notice-
able more frequently and stretch over greater distances than earlier.
The total amount of muscle fibers seems greater at this age, their number
is smaller, however, in proportion to the collagenous substance which has
undergone intense development. At some points the media reveals small
amounts of longitudinal muscle fibers.

The 6th and 7th decades produce considerable amounts of gitter cells
in the wall of the art. carotis communis. As in earlier age groups, they
form iense networks in the intima and between the elastic membranes of the
media. H,.owever, this age group shows mere of the coarse fiberq. and the
network is less ramified.

4|
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Trho aorta. ill of the- aorfal s;eetion:j c~xJoI -.icd by P11' ""AVE, nearly
ideiitical resuILts, ~uiu for this ceason they ixty bc deocribed tkogether.
Considerable amounts of well. defined coilagmnoUs and pwecollagenous fibers
are found in the aurtaL wall as early as on the 9th day of life. Ili

aid.-ition to rcLtUng! riarse fibo-1.; :itainfikit blue wi tb aL~lory, wo. eU~l ac I
flnuiner(lIS delicato, flim!-, light blue prceeol;*ewnuus fibri In. The intlita
conSists1 Of' fiine interlaced fibers; Well define~d Co1ui-ernouni longitudinalI
fi LePr are airýo tpreý:ent. In thle meu-dia, tLhe col].agenous fiber-s bo)rLILr on
th e e lasti I- ~wm.-brUDC3 (ju SI, a 3 i I th a QCrt .Ci Iroti: CO~~,UI a , aljui oIng!,
eil,,i plie m1100el, olijilari ]y eircular orj~tait~i~on in tUe thorici e and abdo-
ininal aorta; howc ~'er, their direction is no lunger as regular in thle
ascending por~on of the aorta and in the. iortal arch. Tic collag7enous
fib~mrb foill ., the convulut~ions of the. clastic mibae and border on
Lhejjr o)utte side. Ili this age grouP thle elastic nmirbranes umiyilihte very
.str-ongly, almust without interruptions; there are only a few puintis with
snLlm* gaps, that aret penetrated icr bundles of collatgenous or p1eCLuij.Jagenou3
fibe-rs (Bernninghnff). Simailar holes occur also in the- lamina elastica int.,
thirough, eiich collagenous alid precollagerious fibers enter the Intimai from
the irmedia. The fibers becomec prorgre.ssiv--1y coar3(r toward the outer
laiyer. The3 cenitral layer h:L'ixbirs rioLworks of fine prrecollag4enousi fiher:3
between the el-astic munbraries3, in addition to the fibers borderiw,ý on them.
These netw-orks are lesn strongly' defined in th-- abdominal portion of thle
zaorta, whlere the C1 "AStH (- lpmnae are arrmrLncd more cuompactly. Tile mu~uice
fibers lie between the nmmbranes and at times hug them quite c-lo~sely
(see also Ijenninighoff).

At age 1-0 the amiount of collagpenous fibers in all layers of the
aortal wall is conaiderably greater than in early childhood. The colla-.
genous longitudinil fibers, are coarser in the inner layer. The network of*
thin. precoltagenouso fibers is ,censer. Thle jiuLncular-elastic layer is dis-
tinoctly deifined. The bundles of collagenous fibers in thle media are
thicker than in thle preceding age gxrup; they lie. on bothl sides of thpe

elastic membranes. The latter have a grea-ter number of disruption3 than
before. The spaces between the Plasti c membranies ;A--' wider, aInd ctiltair1

afa-irly dense network of filne precollagenous fi~ber:i that also penietrate
the mneibraries' gaps at eveiry point. In places, sm-iller sections with

conidrabe ggrga~ins f culla-genous fibers arc found, espe~cially in)
the proximity of thle adventitia.

iit age 20-27 thle quantity of collagenouu fibers lia increased in thle
intima, andi mcdia in comparison to the previous group, aild their bundles
are coarser and thicker. Thr! central layer now shows coarse collagenous
fibers als:o in the spaces between the elastic nrrmbranes, where the pra-
cedting age group merely had a thin network of precollagenous fibers.
The interruptions in the elastic membranes are more pronounced than before:
they are penetrated not only by thin collagenous fibers, as previously,
but also by coarser ones.

The following age group (4th and 5th d-ecade) reveals3 another increase
In collagenou3 fibers in the aortal w~ll. Thle intirra is thiekmied. Con-
tainsI cO~o-puu ntetworks of precolla-erm us fibers; bundles of longitudinal
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fibers'-i-ri. lo.. 'te~i oil i'lei P int~rrriai nide. Tii tho rn'dj a Hi-th~ icikor
clligno.;fieri9 neleglibor on Hie. el.itc ,i~i 'rmhraiieý; in wh i.ch r

the coarser bunkdles proximaute the advctititia, as ill childhood. Thf- gaps in

anid b3irtluridle~i ht-re; 3ucrs5reveal bundles of lciigLtuldillal MSirMi~~
distributed arbi trairily.

Ago 5'1 andr (2. I]L lay, rsi of the: v,, ;u'_Lir Wall Icontainl coadrLue
co ljtigexonus 11bet's ill ar quant-t;i~yclafioý ibtisin;

di-ty b~luc -'-th Y'llory, the contcoi- at* tim I rindili ldal. fibers are indi3-
tirict, vague. Thc thioa fibers are wecll defined in the formr of a rather
deiise ret-,&;rk. Mu o elastic iwisibraries, 5how a Lili ndt undulation _'nd veryj
frequent ci-inonnert~iono. ThR musclet fi bnrs n'? thle muedia h-ave a cirpri r
orientation in the form of bumndles of various size; lo;.gitlulinal bondlesI
are also present. The general arrangement of muscle fibers is irregular.

Tlir 1-ttci' fibers of the uort~ai intima~ have a predosriiiantly longti-
tudinal ori oblique direction inl early childhood; they Live cross secction3
an appe~ir~ance of fairly dense points and transverse strips. In tile central
layer thle Loarser fibers border onl tile el-istic nwiibraiieq, entwining the
1-ti~er in planes. Networks of wavy, fine fibers are ±kmundt betweeni Whe
rnemibranci3. Tin, Lixtli yelar at life already Chow~s an incrp~sc in the amount
of gitter fibers in the intima in comparison to early childhood; the
longitudinal fibers have a denser arranigement, distinctly defined circular
fibers art- also found next to the lain. elast. init. Thle lam. elast. init.
ac- wella3~ the elastic urm~braiicu are ofteu entwined by gi tter fibe~rs in
the cuntral layer. In the medi, they proceed thi-ough tie gaps inl the
elastic immbranes; fiirly dense networks of' fine, ramified gitter fibers
art- found be-tween thle nvrnnbrarres. At age 22, 24 and 27 the gitt~er fihers
of thle aor'tal wall are present in copious amiounts (Fig. 2). Their net-
works in the intima are especially dense near the lat.,. elat. int. Iln the
media they surround the elastic membranes arxi muscle bunldles, and also form
densr networks betwf-en the meinbr.Lies. Gitter fibers are also veryj copioua
at highier age levels (50-80 Years). In addition to a considerable armounit
of fairly coarse 6tittr fibers, we also find dense networks of fine fibrils.
At an advanced age the gitter fibers are generdlly coarser and less rumified
than at younger age levels (Fig. 2 and 3).-

Thus we find the wal~l of elastic ar'teries examined by me to contain
quite a large amount of collagetious substance from early childhood, both
in the form of thick, collagenous fibers and fine, precollagenous fibrils.
AVt this age the intima harbors predominantly fine fibrils. In the central
layer, deposits of fairly Ghick collagenous fibers are found on the out-
side of the elastic membranes; networks of fine fibrils are situat'ed
betwe~n thle membranes. wdith advancing age the total ainounit of collagenous
fibers increases onl one find, and a thickening- of the Individual fibers is
noted, oil the other. In this conniectioni a gradual transforiiationl of pre-
collagenous fibers into collagenous ones takes place everywheare.



he(Od, CU1d '111 il'ti)r. (IT' [re~col ]acrnnn e~i tesbe~

densey-r. in11) ''1' Iad *Cit CO] i, ni'Ve S 1'1 her UpjwVa 110t, Iily on tnt
external side- ill, the elaei ,-nr ne, Lil 0:1 alo i% the iter'til i 91de
The o tifo vuk3 of pireen 11 1 enoni fII her3 between the nl a 'P. l i- eriIari ;

td le ho , areid zf4'K(-.1 I def ind III i(1inijtjiol, the. mcdýi a sho0'X'3 y vc

( ; vilniist Ii, le i ; iv), ii'I I " '-"ret Jj t i ll- b ~i l! thf,:;r - .1i :lti C

tosese .3 ;im; J~t fit ii b r r. I '~in Il;~Ii~ tile geiill thet ýlain. ijs..jt.

anid ext. fromr the ceuntral iajn r into the iritina *±nd LadIventitia. At Lat~ill

tirj p(i ~,ili r] t 1::.- f ' or;,;t1- on sr 1well i I, i il2uliiUr'CU I I 12 *tl4:)I~ til I Ie s) WfiJ C II

nj.y be coall!e d "iy'al ino si s The UC UIj! I-ot ý,uerslt fibe r!; of 11ir cent ral
J-yvarc di shift lmtcU ovcnly in early dhildlieui. cc-ra

of h mu sjclIe (1 je ) I I'3 b I itcttL(i!, l i',,ne vid ciiIt. ,olitl nan ursa jeid ent.io

imuscle fibers are sec-ri in silllseq'ienl. v", tr:;, 1.hc'i Muii beingv :;,iij, et to

cý)nisi~dt-.rable mndi vidual fluctuation, acoor-ding to M. it-csu. In senile
yeat's the mluscle- bunldles, are of va-riouis lentht, iy are uI1''V"II y 0; :t-

triLuuted_ ilan 91!pirated b)y Qare anooLIts 0' oc~lliu:enous f e:

Lrt. femoraisz. 9 days old. The vas~cuJLar intima is. no0t, develoUped.
The eridothelium bocrders directly on, the laint. ela-st. int. Theý -u:sele

fiesof tilt, 'tenai~ Lrv ap~ridiged ver-y regiularly inl ssývvrui rows,. tine,
preen]. klagen-ous fiAber:s lurocrice hu,_tween till rows of inns cle.. They aire
generally distributed e-venly, the- coiarser onles are ~ronilto the. Lim.
elasct. int. The coarser ýi tter lfibe-rs run I -± s' 'vi nilr licotin' cc I itror' p
the rowsi of rvtw'xve ijibers and branich o~ut intoD finler fibrils th.It form

ntworks t)et'weeru the muscle fibers. Thie, intinru of the art. fern)iralis is
already well definied inl the 10-year-old; it contains3 consid rabibt uort
of osl igenous anid ptrecolla:- eous fibers which fonm fairl:% ft.r C
collAgenoL.us lonpi tudi cal fi bers, asi well ji i Ci'elav LLiP helrs rounitug, alonig

the' lAM. eart. int., and alothin fib~ri is formingi a densf-e netnv)rk. Thelam. elhaLt. int. contaiins disruptions in p~laceýs, admittin, or di v-i dei

or pen!'P-iltaigelous fibe-ro, whole- tuiidles3 of fibers anid, at
timres, muosi cells, into tthe inne-r layer of' the iuiivtiu. The ivascle

fibers3 of thec media are riot arranged as evenily as in thie prvce-dingmaýterial. The collig~eious fibers, are coarser thani before aind less v~!U
*larly disitriltntd. Tfie ý-.tter fibers are more s-trongly defi ned hetre and

take a serl-entine course between the rows of' muscle fibeýrs. F0irl y
*coars~e ýl~tter fibers are pvoxirsnl to tho lim. elast. int, andi penetrate

through its gaps into the iritilla.

In tile c~aseýs _ied 2U and 2'4 the inner layer of the art. I'er~loralis
contains a considerable amount of' thick eolg~iu bebre-; the t ' 'Ho-
l'irly thick one-s ýare deposited betwýeen the lan,. sesaL. mnt. in. enewly

formed inner border lamelkd. In theý Central layer the iv~regulsru tea. of
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irrin' rim- t. o f ';itn-u)-i r taid to(ý J I I' ý'e 1,( 1:; r'i he: Veli I r ! a.4 I thjian 114
iiViiii e;C. ir. rn Therre ire of týtni1 I s.rirnu ~. i , i ons

ot he ~i~Ai With a cuwi ifi-rtal 1e .nmoulit of, flia)ClC fibers3 Coiittiii o

It?) 1;~ 2i$I:? :ri oel 11. v nieyrit diI tii''- lrrjll lee;odil ,inn
'I~r p- ll .i mIIi I L i e -I: 'r l," ef a iiinr nr1eir ii I (,l -ý- iI I nor 0. Fi-l tr fil e 1

ci cu ir (1-i-tt Lti. j 1 ) t- I v -ti tui o i w;lrr~ I - i 4-hr -m i ,.1" ii -111iW

f~m rr r .Au L! i' !I'] jiteLlit l 14' leve lI:,;'r A r; I I ei

it1 age"( 53, all 1yrsof -lie. ye scul~ir wall11 rt-veal a largeýt quantity
of' col ic.renonrý fi br.Thley ar orerta;atteirccedain~ r. ae level,

:j~~~~~~~ ar iir-,i~-~ib~ rý VJ1)'oarIV( oer. Civu rt roth pu i1 iC:'1

fibers in trie cenitral liyer is3 lar-gtr than before.; the1 11wu60r of mluscLle
bun-ittAls. il tie tU' h r 4-nt , is pe tv. y:411i.0I I_ luni .1 th i r e- neir

fii n Vi oIr fillher;; of* the me Alwa a-re. quite weljl den neld and pcestel lt
consjiuezable nu~r~brier. asý il di earl, WieJCr rUtLeiL-al,.Ul uiiy ga'I I ref er thc

o0xrib f i*SunCi , LUnndlf e w Iii- Uir y on rr, arni. The coairse t'i bers
Lorde-rtifil or1 ~iie ionl. (eLaSt. hziu. fnrri tire outside, -ire partic~ulirly,
ch-ic icidri-let t.

Art. bracirialio. Thu( 1 nve-ss of inre.-ase iiicll 31agenoUUJ s3uUstUce
inl thle walls of' the art. brachialis with advaiicinig age is as distinct as inl
thic art.i- e li- . hi; -arl rch i lihoof, the rr": riVri 1 ;,yCI' of t izi'';U.
bracel; 1115 001Or-i.iri:i Liluaio i h ;usi-l fibt-em whii ie ar' - ir ini an-rie,
almost regualar processions, formingýT regular rows sepairateu b)Y fineý, colia-
grnousi anld preia'eru ibers. It age I)-l0 the e .1iher; akppear to be
etarreri '11, utiii e!,er. AL age 5-J 'A :ertairil i;'i-ý.t6uaiitl !ay alreCady 110
rioted in th~e arraligem-?nt in jiuirucle fib-2r;3. Tile nme'daa, particuolarly in the
outer layers1-, show-s isolaited, smixill. spots corisastin- of bundiles of fairly
coars;e, colgaosfihe 'n. At later age levels (40-50 4 ears;) these areas

beo'L-Jirugressi-,v-l~y Liiger -sd are found ukn's often. ilL the hi-lgieLit Lige
level the r oliag~eiiousi substarrce in th med,!iat-i excecus V Ui''isl JI hers

qunititativ*-ely. Thus the muslcle kind-les in the axrt. braci 'alis of a
U.CV Ctii~tJ tOii fl1d Via tlU tl ;O ,a

fibers in r-elativell; smll amsounts. Inl addition, par~ticularly thick

collageno'as fibers are founad prima~rily onl the Uut.sidle o' tile lam. el.
interina. "recoiliagenoi'9 fibers5 are founid everywhiere in lairge m''ounlts next
to the col'.agerious snes, The foxmer have a circular course in the media,
entwine the muscle fibers and form netw.orks between thiemi. Cor..pared to
younger t-aiterial, they seem coarser in advanced age; the rwtwork-s are less
oerlise arid a tratisforriutiorn to collagenous fibers is evi dent, ove-ry,*iere.
The struictuire of the inner layer in relaýti~on to tile proportion of
collagen-vaus to) precolalajenous fibers do)es not .liff-r frorm that of tho art.
feriiorali s.
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J1e i riUll:, ULe tha Afr riter frou, Lih-ý miedia ttr)uugi
I I,~ til.el Lz. elaýt. mt. Th a-Ount of c~o1Lagerui3u fibers in the

Ji~at t,`ii age ha~ inureus(sd wnen compured to the preceding ralterial.
ue 2 iLl nuirfiber of o1lagenous and precolla !enous fibers in t, e

writral. -in inner layers; has; incr'eased consoiderably over childhood. The
f Lber8: ire quit~e coarse arid forml considerable aggregates in places. A
L~atie-aiarly charactteristic sign is the arrangermrnt Of Loarse fiberts
alung, the lain. elast. int., both inoide and out.

Tht 4t arni ýtti uecurjes reveal an irregular acrangemeY,, Af tile
~.L~idrand c_-liagenous fibers. The media is permeated .,.,th fairly ILrge

ar-eas conlsistingjý of copious collagerious fibers. The amiount of rmascle
1fIber has decreased relatively, they are sc'it-tered in irregultr bundles.
A lwrge quantity- )f collagen(;us fiber-S is fouuiri also in the intima, where
truey occur everywnere between tha muscular and elastic fibers. In later

ag hecllgnosfies r tpcally coarse; they have a certain
dull appeuranc~e anld the contours of the ind~ividual. *bundles are vague in
places.

Thu recliaex~uu ibý-r. of the a~rt. lienaliti are well uefirieu~ from
e.,riist childhood. In thle intima they prefer a ilongitudinal orientation.

Intemda they follow a 8erpentine course along, the muscle fibers and
form networko between them. Some of' them are coarser, others finer, a
f~ew coarser fibers border on the outside of the lam. elast. int. Diter
age bring a thickening of the gitter fibers, their coarsc is less serpen-
tine anu they change into collagerious fibers tlroujhout.

,,rt. inesenterica- 3uperior. In early childhsod the media containsý Only
Z±"iec coillagenou5 ard precollageious fibrils which h-ave a circular orienta-
tioni between the muscle fibers. Their amount in the media is increased
from the 5th year on and they appear to be coarser. it age 10 the central
arid inner layers contain a goo--d number of collagenous fibers which follow
the course of the lam. elast. int. in the intima, whereas they are situated
in bundles between the muscle fibers of the media. At dge 24 this picture
is i-,,re pronounced; this age reveals a particularly strong development of
collagenous fibers at several points of the media. The arrangement of
iijiscula.- -ad collagenous fibers usually is irregul-jr. ,it age 40 and 50
the aidu~it oi' muscie fiber has experienced a relat-ive decrease; bundles of
variou5 size ar,2 scattered between thle collagenous network.
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The alterations Just described agree completely with those observed
by Schniedl. He points to a "lfibroUis" of the central layer of the art.
mesenterica sup. which starts around the third decade and increases with
age.

The coronary arteries of the heart. Wdell defined collagenous fibers
are present in the inner and ceatral layer at the earliest age, both in
the left and right coronary arteries,

According to Wolkoff, the intima of these arteries is distinctly
pronounced in childhood. There are a good number of coarse collagenous
fibers inward from the lam. elEst. int.; they are longitudinal in the
inner layer of the intima and circular in the prcximity of the lam,
elast. int. In additions the intima shows a netw;or-k of fine fibers that
proceed in various directions. The rmuricle fibers of the central layer
are arranged in regular rovis separated by undulating, fine collagenous
and precollagenous fibers.

At age 10 thu inner and central layers of the right and left coronary
arteries betray an increase in the number and thickness of collagenous
fibers. The netsv•rk of fine collagenous or precdlagenous fiber's of
diverse orientation is considetrably denser in the inthiua conpared to the
earlier age levels. Isolated fibers lead from the medj.a to the intievi
through gape in the lam. elast. int. The central Layer contains coliag-
enous fibers embedded between the muscles. They are coarser and occupy
more space than previously.

Age 16 and 20 br.ngs an increase in collagaous fibers in th, walls

of the coronary arteries. The outer portions of the intimla contain w-hole
bundles of rather coarse collag-enous fibers which penetrate into the media
via gaps in the lwa. last. int. The network of fii i, interlacing pre-
col]agenous fibrils is also more distinct in the inima. The collagenous
fibers of the central- layer are coarser and cover greater areas than in
the precedi!ýng raiteriai. The foci of collagenous fiibers Mvz; an- oblong
shape and are found more often in the section of the media prouiral to
the advicntitia; apparantly they roiato to tho vasa vasorunl. The mlusclc
fibers are separated due to a proliferation o-)f collagennus fibers and lose
their regular arrangement knowr from childhood. At higher age levels the
amount of collagenous fibers increases considerably in the central and
inner layers.

at age 53 the cent ral layer contains ubiquitous and considerable
aggregates of collagenous fibors in the forin of large individual stratia
that are wendged between the muscle fibers. The amount of muscl fibers

as decreaseda, their tNndles are thinner than at earlier age levels.
Unusuwlly groat changes involving the developw~nt of large vnasses of
collagenous fibers and the 0,-crease in muscle fi bers were noted in the
coronarey arterLes of a 62-year-old man. In this case, aggregates of
coarse collagenous fibers were presont in the form of cxtensi ve inter-
soace(d strata. At this age the collagenous fibers assume a dull blue
Color after staining with Nallory, arnd the individual fibers lose the
distinctiveness of their contours.
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The gitter fibers in the wall of the coronary arteries (Fig. 4,5,6)5

are distinctly visible in early childhood, both in the intima and media.
In the intirna they are usually oriented longitudinally and border on the
lamn. elast. int., wh~le the media. shows them proxilmal to the elastic
membranes. In the central layer the coarser gitter fibers proceed inK
spiral undulations parallel. to the muscle bundles, while the thinner ones
Form networks between the muscle bundles. .kt age 26-27 the number of
gitter fibersý is e~.en larger. In the intima, a dense network of them is
found close to the elastic plates of the hyperplastic layer. in addition,
fibers are seen here that are scattered without any form of arrangement.
in the medila they -entwine the muscle fibers quite densely and fonre copious
neTv~rks between them, consisting of strongly serpentine fibers. The 5th
and 6t1h decades r.eveal well developed gitter fiber networks in the intisia
and media, althougn the fibers are generally coarser and not, as undulating
as in t~he preceding age group; transgitions to collag-ehous fibers take
place everywlherc.

The above de~scription reveals that the general arrangement of
collagenous; fiber!3 in the wall of muscular type art-z~ries examined by iac
is nearly uniform within a given age group. Earliest childhood shows
re,,latively few thin, collagerious fibers in the cFentral layer of these
arteries. The intiima contains them only in the coronary arteries of~ the
heart, where .arrry preco~llagenous fibers are fouind as well. In the mcdia,
thea col lagen.ou5 fibers are located betwcen the muscle fibers whiich are
arranged In regular ro-.,s in close proximity. The gitter fibers entwine
the muscle fibers and form netiaorks between then. The coarsor gitter
fibers border on the outside of the lam, elast. int., they surround the
latter frtcpiently and proceed throufji its gaps into the "intira. Fairly
coarse gitter ibers lead a spiral course parallel to the musýcle fibers.

W.ith adv-ancing age 1ihere occurs a uniform thickening of the existing.
collagenous fibers and a formtation of new fibers. Bundles of longitudinal
fib-rs are fourý-d in the intima at age, 5.-10, arxi the ciJrcuj~ir fibcr'j located
on thet inoide of the lain. elast. int. are also well, defined. Moreover, W'
th'ie int-ima alrcady s;hows a1u~~ of fine precollagenous fibers.
Particularly thick collage5nous longitudinal fibersý are found in the intima
of the heart's roronary arteries. Th-- deposits of collagenou8 fibers in
the n-idia become progressively thicker with advancing age and consist of'
coarser fibar,- than in early childhood. The increase in collagenous fibers
continues in later age groups (toward age 20-25). The muscle bundiles in
the rre~dia are stparated more and more by the developing olgnu ies
in addition, are~as appear i~n vkich the coarse colLigenous fibers are mkore
strongly developed, especially In the- outer portions of the media. In the
3rd and 4th decades these areas appear in the entire central layer, where-
by the mnuscle fiber bundles are separated over considerable dilstances due
to the collagenous substance. At about age 40, the preponderance of
collagenous substance over- thei muscular elements becoress quite clear in
all arteri-es exa-mined. Material of advanced age (5th, 6th ars! 7th decades)
reveals curatriued increase in collagenous fibers, and the muscle fibers
are arrariged in relatively thin, short bundles scattered throu~zhoit the
collagenious- subsi. ance in the media; the collagenous fibers loge their
sharp contours and stsin diffusely.
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The amount of fine fibers as well as coarser precollagenous fibers
grows with advancing age; they are everywhere transformed into collagenous
fibers. The third decade brings particularly dense networks of gitter
fibers. In later life the number of gitter fibers is quite considerable;
the coarser fibers are present in greater cpantity and the fine ones show
a slightly serpentine orientaticn.

A study of the senile changes in arteries of the elastic and muscular

type leads to the conclusion that all arteries examined by me reveal a
steady increas in collagenous substance or collagenous fibers with ad-
vancing age. However, each type of artery discussed shows certain pecu-
liarities within the context of the existing senile chaiges. The arteries
of the elastic type give evidence of a good number of coarse collagenous
fibers from earliest childhood, occupying a considerable portion of the
vascular wall. The collagenous and precollagenous fibers of the media are
arranged in a circular pattern und anastomose mutually through the gaps in
the elastic membranes as well as with the collagenous fiber system of the
intima and adventitia. Advancing age br.ngs a thickening of the collagen-
ous fibers and for~nation of new collagenous and precollagenous fibers.

The arteries of the muscular type contain only a few •llagenous and

precollagsious fibers at an early age, Here we meet the agenous
substane in theform of fine fibrils situated between thr .,2cle fibers.
With advancing age the arteries of the muscular type ex,,cY.ience a
thickening and proliferation of the collagenous and precollagenous fibers;
the latter change to collagenous fibers. The muscle fibers are distriiou-
ted on isolated, ir.--cO]ac- rouipa. This process is analogous to that
described by Staemiler •Jor the art. renalis and lienalis and by Schmiedl
for the art. mesenterica sup.

The attrition of mascle fibers with age is not as distiact in the
arteries of the elastic type; it might even be said that the total amount of
muscular elements is frequently greater at ar arivanco-H age thar in early
childhood. O,. rig to the prolif eration of collaoncus fibers, the regdlar j
arrangement of muscle fibers in the media is disturbed and the muscle
fibers are distributed on irregular groups, just as in the muscular type
arteries.

In advanced years, and sometimes sooner, the proliferating collag-
enous fibers of arteries of both types stain more diffusely and turbidly,
their contours are indistinct. These changes of the collagenous fibers
in the arterial wall may be designated as "hyalinosis" after Voigt.

The senile increase in collage-ous fibers in the arteries examined
by me takes place diffusely; no foc"'. accumulations of these fibers were
noted. However, the media consistently shows small areas, especially
toward the adventitia, that probably correspond to the course of the vasa
vaso-um aind in which the collage-ioub fibers reveal particularly strong
development.

12



In view of the consistency of suclh collagenous areas, they cannot be
considered a patholog¶ical manifestation, espec.ally since signs of an
inflammatory nature are absent. A correlation between the atherosclerotic
changes in the intima tnd the col]agenous-fibrous proliferations in the
media could not be established from my material. It is true that .my
material did not contain severe atherosclerotic changes, although such
alterations of low degree occurred sporadically. I was unable to disenver

ii.y speciQ.L change. in the media ýit such places in comparison with neigh-

boring areas, i•iure the intima did not contain atherosclerotic changes.
This observation agrees with Staenm]ler's opinion that the development of
fibrotis tissue in the central layer takes p)lace inidependently of the
atherosclerotic changes in the intima.

The progressive increase in collagenous fibers with advancing age
occurs in the arteries at the expense of a vigorous development of
gitter fibers, thanks tv the transformation of precollagonous fibers
into collagenous ones. The amount of gitter fibers is quite considerable
even in childhood, and their number grows with advancing age. In later
years they become coarser and less wavy, especially in senile years when

the major part of tuese fibers is converted to collagenous ones.

It may be concluded from the facts listed here that. the senile in-
crease in collagen in the central arterial layer pointed out by Staemmler
and Schniedl relative to certain arteries, are valid for the walls of the
large muscular and elastic type arteries as such. tccording to Staemmler's
data the development of fibrous tissue is more pronounced in the media of
the art. lienalis than in the art. brachialis, an opinion that is not
shared by hesse, however. -iccording to my observations, the senile
developmrent of collagenous fibers generally takes place at about the same
rate in all arteries examined.

I canrot say anything definite about the significance of changes in
blood pressure for the structure of the arterial media (K. Dietrich),
since my material was chosen from cases that failed to indicate deviations
from normal blood pressure.

Since the main manifestation of the changes described above consists
in progressive accumulation of collagenous substance in the media, it
ought to be appropriate to designate it as 'Is-eile fibrosis (or collagen-
osis") of the arteries.

The basis of art:ýrial fibrosis is apparently found in mechanical
influences (Staeminler), but a primary change in the physico-chemical
structure of the intermediate substance ("hysteresis") with advancing
age is also possible. At any rate, fibrosis of the media, coupled with
senile changes of the intima (Jores, Alb. Aschoff, Wolkoff and others)
and the elastic framework of thle arteries (Voigt, Gruenstein), as well as

Lhe increase in chromotropic substance kbchultz, Ssolowjew) represents a

typical alteration characterizing the morphologic picture of the arteries
in advanced year5.
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Illustrations.

Fig. 1. From the cross section of the art. c..Lrotis of a 9-day-old
child. Treatment accor'ding to Foot. The gitter fibers entwine the
lamellae of the media. (lagnification about 800 X).

Fig. 2. From the cross section of the thoracic aorta of a 27-year-
old wonan. Foot's preparaition. The gitter fibers of the media entwine
the elastic lamellae and form dense networks between them. The gitter
fibers have a longitudinal or oblique course in the intima (800 X).

Fig. 3. From the cross section of the thoracic aorta of an 83-year-
old woman. Foot's preparation. Generous development of coarse, extended
gitter and collagenous fibers in the media (800 X).

Fig. 4. From the cross section of the right coronary artery of the
heart of a 5-year-old child. Treatment after Foot. The media reveals
numerous fine, serpentine gitter f_'i',rs that proceed between the muscle
fibers or entwine the latter (800 x).

Fig. 5. From the cross section of the right coronary artery of the
heart of a 23-year-old man. Foot's preparation. The gitter fibers of
the media are thick.,r, more generously developed, than iii childhood and
form dense networks (800 X).

Fig. 6. From the cross section of the same artery of a 56-year-old
man. Foot's treatment. The gitter fibers of the media are very coarse,
extended, decreased in number and form isolated, compact networks between
the muscle fibers (•OO X).
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