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U, 3. ARMY CHEMICAL CORPS
FORT DETHICK, FHEDERICK, MARYLAND

Contrimtion to the kncwledge of senile arterial changes.
{(On the sentle fibrosis of the arterial wall.)

by A. M. Troitzkaja-indreewa.

-t e

Translated from: Frankfurter Zeitschrift fuer Pathologle,
41: 120-135 (1931).

Although the literature dealing with arterial changes at various age
levels is guite extensive, this question has not been investigated with
sulficient versatility and finality heretofore. In the past, rasearchers
(Jores, Alb. .aachoff, llallenberger, Oppenheim, Wolkoff) directed their
attention almost exclusively to the senile changes of the irner 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 1ittle (K. Dietrich). Ounly s few
avthors (Gruenstein, Staemmler) dealt in detail with its structure in
correlation with age. 4nd yet, the senile changes of the central membrane
undoubtedly are of great importance for the understanding of socalled
arterial "detrition" in advanced age.

Frem this point of view, Staemmler's 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. He
observed this process in the art, lienalis and art. renalis and calls it
"fibrous degeneration" of the arterial musculature. However, Ssobolew,
long before Staommler, reported @ considerable development of connective
tissue in the wall of the art. iliaca com. and in the aortal wall, indica-
ting a type of "ecirrhogis" of the arterial wall. He did not present an

exacter description of this process and failed to point out a correlation
to ags.

Finally, K. Dietrich recent!y mentions an increase in the collagenocus
substance in the media with reference to age. However, he did not inv2sbti-
gale this process more closely, since his attention was directed rrimaiily

to the chunges in the muscular elements in dependence on blood pressure
flugtuations. -

In view of tie great interest inherent in the investigation of senile
changes of the media of both muscular as well as eleastic arteries, I have
undertaken research intoc the struclural alterations of the central arterial
membrane in correlaticn with age, with principal stress on the development
of the collagenous substance occurring tnerein.
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Material and method of the investipations.

In order to gain a mere precise idea of the amount of collagenous
subslance in the media for every gingle case, consideration had to be
given to the fact that the connective tissue fibers are covered by a
chromotropic intermediate substance upon orainary staining (Ssolowjew,
Sehultz). lence it is absolutely neccssovy to differentiate between the
collagencus substance and the intermediate substance in any evaluation of
the change in the former's quantity in the arterial walls with respect to
age. aAccording to Ssolowjew  data, sparse, lossely situated connective
tisaue fihers appear in the a:cerial wall wheu exposed to the effects of
poiassiwm and sodu lye solutions in concentrations of 0.1% to 1%, which
are no longer covered by the chromotropic intermediary substance. Based
on these data as well as on the investigations of other authors (Hansen,
Tret jakow), a number of miterials may bc uvsed to dissolve the chromo-
tropic, mucoid substance; in addition to caustic soda solutlons, these
include chromic acid, picric acid, osmic acid, potassiwm manganale and the
lye solution recommended by Hansen, consisting of equal parts baryta water
and lime water and 10% NaCl.

Based on the literature quoted here, I treated a number of arterial
gpecimens 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 arterial wall., Pieces of aorta,
fixed in 95% alcohol, were submer :2d iu vairious solutions (2-6-12-24 hours),
i.e. in a KOH and NaOH selution ia 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.

after treatment wiith the reagents, the specimens were washed for
several hours under running water and imbsdded in paraffin following
preparation with alcohol and chloroform. Staining of the sections with van
Gieson, Mallory ind Unna's polychromic methylene blue. I was able to
determine as a result of these tests that Hansen's mixture is most suitable
and completely umeets the requirements. Siaining with polychromic methylene
blue eliminates the chromotropic substance, while the remaining elements of
the arterial wall stain normaiiy and do not suffer notewcrihy daimge. The
preparations stained with van Gieson and Mallory merely showed a somewhat
looser arrangement of the collagenous substunce when compared to non-
treated control sections.

Examinations of the arterial wall ~ the presence of collagenous
substance in conjunction with age coul. oe undertaken only after these
preliminary steps. I utilized the sawme technique as described above:

The sections, treated with Hansen's mixture for one day, were rinsed for

a few miiutes in a 1/10 normal solution of hydrochloric acid, since the
phenol-phithalein test had shown that thoe lye remains in the tissue for a
long period of time. In addition to the stains listed avove, I used Foot's
method for the impregnation cf gitter cells; here the sections were not
pre-ireated with lye.
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My material consisted of the fullowing arteriea: Aorta (the ascending
portion of the arch, the thoracic aorta and the aldominal sorta), art.
carotis communis, a, temoralis, a. brachialis, a. lienalis, a, mesenterica
i guperior, a. coronaris cordis dex. and sin.

The art..ries listed were examined in 21 cases of the following age
; levels: 9 days - 3 cases; 5, 10, 23 and 40 years - 2 cases sach; 16, 20,
t 24, 27, 42, 53, 56, 62 and 83 years - 1 case each.

=
=

In microscopic examinution of the arterics of older persons, sections
from arterlal portions without visible pathologic lesions were used ex-
clusively, the material being selected from individuals with acute causes
of death, whenever gposzible.

Arteries of the elastic type.

art, carotis communis. 9 days old (¥ig. 1). The collagenous sub~
stance is already well defined and represcnted in considerable quantity
in the first days of life. Uhe coarser fibers stain dark Llue wilh Mallorv,
the finer precollagenous ones turn light blue. The intima is thin at Lhis
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 medlia, progressing along the outside of
the 1. elast. int.

The c=ntral layer contains well pronounced, ruather thick coliagenous
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 cour=se. They are the source of fine fibrils
which surround the elastic membranes and form networks between +liem.
Everywnhere, precollagenous, fine fibers run through the 72us in the elastic
membranes and penetrate the intima from the mzdia through the gaps in the
1. elast. int. {sce also Benninghoff's data). The total amouni of collagen
increagses toward the outer arterial layer which contains thick collagenous
fibers, A large number of muscle fibers with circular courses are located
between the membranca of the media in early childhood; their Gvrangsiieit
throughout. the entire vascular circumference is very regulur, with a \-;_‘
swollen, juicy appearance.

The art. carotis comunis at this opge shows approximately the same
conditions upon treatment either with Foot's stain or Mallory's. The

T

gltter cells entwine the elastic membranes in places and form networks
between them,
= Age 5. In addition to a general thlclcening of the vascular wall, the
;E_ comparison with the preceding age group reveals an increa < in collagen,
= expressed by an increase in collagenous and precollagenous 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 amount of coarse fibers staining; dark blue
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with Mallory. The central layer containa fairly coarse collagenoua fibers
which border on the clastic lamellae, not only from the outside, as had
been the case with newborn, but also from the inside., The spaces between
the elaatic menbranes are considerably wider than at the earlicr age, and
are filled with a dense network ot “ine fibrils that stain light blue with
Mallory and are impregnable with siiver by Foot's method.

Age 10 and 16. The structure of the media fails to reveal essential
deviartions from the conditions described abuve, but the gniantity of
collagenous and precollagenous fibers is slightly great-r than at the
earlier age.

Starting with the third decade (age 2/,), especlalliy dense accumula-
tions of collugenous fibers are found in the inner as well as the central
Jayer. The latter harbars thick bundles of collagenous fibers, staincd
dark blue by Mallory, not only on the inside and outside of the elastic
membranes, hut also in the apace between them, next to the network of fine
fibers observed in the earlier age groups. Particularly thick bundles of
collapgenous fibers are situated predominantly in the outer layers of tha
media, a3 already observed in earliest childhood. at this age the gaps in
the elastic membranes are much more noticeable than before (Gruenstein,
Voigt). Precollapenous tibers penctrate these gaps everywhere. The
amount of muscle fibers in the m=dia seems to have increased in comparison
with earlier years. Their arrangement is no longer as regular along the
entire vascular circumference as noted ‘n childheood. 48 early as age
5-10, the muscle fibers group themselves into individual bundies
separated by collsgenous fibers.

Material of the fourth decade failed to reveal additional increases
in collagenous fioers, 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,

In the 6th amd 7th decades, the collagenous tibers of the cases
examined by me (age 53, 56 and 62) show a dull blue hue aiter staining
with Mallory wnen compared to younger material; van Gieson's stailn 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
urdergone intense devclopment, At some points the media reveals small
amounts of longitudinal muscle fibers.

The 6th and 7th decades produce condiderable amounts of gitter cells
in the wall of the art, carotis communis. As in earlier age groups, they
form dense networks in the intima and between the elastic membranes of the
media. Howevsr, thils ags group shows more of the coarse fibers; and the
natwork is less ramified,
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The aorta. 1.1l of the aortal soctions cxa.ined by me pave pearly
ldentical results, ana for this reason they may be described together.
Considerable amounts of well defined collagenous and precollagenvus fibers
are found in the aortal wall as early as on the 9th day of life. In
addition to rather ecoarse fibers stainbliyg blue with Hillory, we can gee
numerous delicato, fine, 1ipght bluc precollagenvus fibrils. The intima
consists of fine interlaced fibers; well defined cellagenous longitudinal
fibers are also present.  In the media, the collarenous fibers border on
the elastic nembrancs (Juslt as in the art. carotis communis), showing a
well pronounced, priumarily circular orieintation in tie Lhoracic and abde-
minal aorta; howcver, their direction is no longer as regular in the
ascending portion of the aorta and in the aortal arch. The collagenous
fibears folls .- the convojutions of the claslic membranes and border on
their vute.s side, In this age group the elaatic membranes undulate very
strongly, almust without interruptions; there ure only a few pcints with
emall gaps that are penetrated by bundles of collugenous or precullagenous

fibers (Benninghoff). Similar holes occur also in the lamina elastica int.,

through wiich collagenous and precollagenous fibers entecr tne intima frem
the media., The fibers become progressively ceoarser toward the outer
layer. The central layer hacbors neiworks of fine precollagencus fibers
between the eluastic membranes, in addition to the fibers bordering on them.
These retworks are less strongly defined in the abdouminal portion ol the
zorta, wiere the elastic Yaminae are arranged more compactly. The muscle
fibers lie between the membranes and at times hug them quite closely

(see also Benninghoff).

At age 10 the amount of collagenous fibers in all layers of the
aortal wall is congiderably greater than in early childhood. The colla-
genous longitudinal fibers are coarser in the inner layer. The network of
thin precollagenous fibers is uenser. The nuwscular-elastic layer is dis-
tinctly defined. The bundles of collagenous fibers in the media are
thicker than in the preceding age proup; they lie on both sides of the
elastic membranes. Thie latter have a preater number of disruptions than
before. The spaces betweenn the elastic membranes are wider, znd cuubain
a fairly dense network of fine vrecollagennus fibers that also penetrate
the merbrapes' gaps at every point. In places, smuller sections with
---------- 2ggrepativns of collagenous fibers arc found, especially in
the proximity of the adventitia,

At age 20-27 the quantity of collagenvus fibers §s5 increased in the
intima and media in comparison to the previous group, amd their bundles
are coarser ard thicker. Th~ central layer now shows coarse collagenous
fibers also in the spaces belween the elastic membranes, where the pra-
ceding age group merely had a thin network of precollarenous fibers.

The interrupticns in the elastic membranes ares 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 dccade) reveals another increase
in collagenous fibers in the aortal will, The intima is thickened, con-
tains copivus neiworks of precollagen us fibers; bundles of longitudinal

Py s

—p——— L L




fibers are losated on their internal side. Tn the media the thicker
collagenous fibera neighbor on the elastic wmembranes, in which connection
the coarser bundles proximate the adventitia, as in cnildhood. The gaps in
the eluastic menbranes are even more pronounced, thelr inbterspaces are
occupled by coarse collagenous fibers. uscle fibers are arranged in long
and shurt Lundles here; some rascs reveazl bundles of long:tudinal muscle
distributed arbitrarily.

Age 53 and 62, all layoers of the vaseular wall contain coarse
collnyenous fibers in Jarg: quantity; miny collapgenous fibers stain a
di-ty bluc -“th FM+llory, the contoure ot the individual fibers are indis-
tinct, vague. The thia fibers are well defined in the form of a rather
dense nelwork. The elastic mewbranes show a slipght undulation und very
frequent disconnections. The muscle fibsrs of the media have a circular
orientation in the form of tundles of various size; loigitudina) bundles
are also present. The general arrangement of muscle fibers is irregular,

The gitter fibers of the aortal intima have a predominantly longi-
tudinal or oblique direction in early childhood; they give cruss sections
an appearance of fairly dense points and transverse strips. In the central
layer the voarser fibers border on the elistic membranes, entwining the
latier in places. Networks of wavy, fine fibers are found beiween tihe
membrancs. The sixth year of life already chous an incresse in the amount
of gitter tibers in the intima in comparison to early childhood; the
longitudinal fibers have a denser arrangement, distinctly defined circular
fibers are also found next tu the lam. elast. int. The lam. elast. int.
as well as the elustic membranes are often entwined by gitter fibers in
the cuntral layer. In the medi: they proceed thicugh thie gaps in the
elastic membranes; fuirly denise networks of fine, ramified gitter fibers
are found baetween the rembranes, At age 22, 24 and 27 the gitter fibers
of the aortal wall are present in copious amounts (Fig. 2}. Their net-
works in the intima are especially dense near the la., elast. int. 1In the
media they surround the elastic membranes and muscle bundles, and also form
densr netwrks between the membranes. Gitter fibers are also very copious
at higher age levels (50-80 years). In addition to a consideruble amount
of fairly coarse gitter fibers, we also find dense nebworks 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 wall of elastic arteries examined by me to contain
quite a large amount of collagenous substance from early childhood, both
in the form of thick, collagenous fibers and fine, precollagenous fibrils.
at this age the intima harbors predominanily fine fibrils. In the central
layer, deposits of fairly thick collagenous fibers are found on the out-
side of the elastic membranes; networks of fine fibrils are situated
betwesn the membranes. With advancing age the total amount of collagenous
fibers increases on one mind, and a thickening of the individusl fibers is
noted, un the cther. In this comnection a gradual transforcation of pre-
collagenous fibers into cullagenous ones takes place everywhere.
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The Aot reveal s rathier Lhick ool g Cbers alresdy o it Nd-
heod, and the networio ot precollagsnons fibers becomrs orogrecssively
denszeyr. 1In e media, coarse coliggenous {iber: appedr not only on the
externial side of the elasvic menbranes, tul alwo on the interrnil side.

The networks of precollijpenousz fibers between the elastic peishranes becowe
considerably denser, doat wpe 20 the collazenousn, occalarly avieted
fibers Aare already well defined.  In acadition, the media shows wany pre-
collaencus fibers that pencbrate Lhrougihe the paps i the elastic wenclitices,
The s b the el wstie meatomes are wore nueerous ot Iater ge lovels
(Bruensteing, Voisi), and £ivars nonetiatineg thoes Goeome thicher e

. - e e e e

codpser, sl L fibers procecd Lroupeti the psaps in the lam, clast. dint. i

aid ext. fivm the central iayer into the intinma apd adventitia. At stil]
later age levels the inecrease in collugenous Tibers 1s accompanied hy
theiss sradual brassformation (swelling, hencyenis tisn, dulfnesa), whicn
nay be called "hyalinosis." The amooth musele fibers of {he central
layer are distribmted cvenly in early childheod. Liter, an arcag-enent
of the nuscle Tibers into undles is evident. Longitudinal bLundles of
miscle {ibers are secn in subgequent. yvears, their smount being subject to
considerable individual fluctuation, according tov M, aresu. In senile
years Lhe muscle bundles are of virious len:Lh, they are unevenly dis-
trivuted and separated by targe wwounts o collyrencus (1beps,

Arteries ui' the miscular Ly pe.

art. femoralis. 9 days old. The vascular intime is not developed.
The endothelium borders directly on the lam. elast, int. The iuscle
fihers of the wedia are arranged very regularly in several rows, Gine,
precol lagenous tibers nrocred botween the rows of muscle. They are
generally distributed evenly, the coarser unes are proximil te the lam,
elast,. int. The coarser sitler fibery run 1 serpentine cource throuph
the rows of msele Iihers and branci: out into finer tibrils that rorm
networks between the muscle fibers. The intim: of the art. femoralis is
already well defined in the 1C-year-old; it cuntains consid.rable amounts
of ewllipgenous and precollasenous ribers which form fairly thick
collagenuus lonpitudinal fibers, as well as cireulir fibers runnirng along
the lam. elast. int., and also thin fibrils foming a dense network. The
lam., elast. int. contains disruptions in places, admitting individoal
collapeious or precollagenous fibers, whole tundles of fibers and, at
times, muscle cells, into the inner layer of the intimi. The mscle
fibers of the media are not arranpged as evenly as in the preceding
miteriul. The collsgenvus fibers are codrser than before and less repu~
larly distriluted, Tne pgitier fibers are more strongly defined here and
take a serpentine course belween the rows of muscle fibers, FPFairly
coarse i tter fibers are proximil to the lam. elast, ini. and penctrate
through its gaps into the intina.

In tiwe cases aged 20 and M the inner layer of the art. fenoralis
contains « considerable amount of thick collapgenous fibers; the o “icu-
lurly thick ones are deposited betwcen the lam, elast. int. » newly
formed inner border lamella. In the central layer the irrepular.!ies of
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irrangenirnt. of uscular sind coilorencus vibers s ceven more distinel than
in the nrecedig; e sroun. There are jsolated instances of smalt secltions
of’ the media with 4 considerable amount of mascle fibers consisting of
codrae, collyenous fiers or of A dense nefaork of finer ibers,  The
guitibity of cliter ribors soens o fuve inereed over the neeceading ape
sronp, Ther usuilly bave 1 longitnding]l enuese in the intiaey, il oliow 2
circulir erientati-n in the nedia,  They entwine the muscle fibers and

form nelbworks abo this point. In nlae s bhe precallvgenons £ bees becone
codraer ol e into cod liosenoas one s,

al age 53, all layers of the veoscular wall reveal o larpe quantity
of collayrenous fibars. They are coarser tian 4l the nreceding are level,
arc dnl)l in olaces ann bave vieme confonrs,  The raber o el s enonns
fibers in the central liyer is larger than before; the nuwiber of muscle
burrlles, on the otier jdnd, is relatively smaldl, ad their areranyenent
is lecs regpuliar,

Th- Fltter Pibers ot the media are gquite well defined and present in
considerable numbers. as 11 the carlier mitecial, chey dagain prefer inz
vroxiwity of nuscle bundles walcn they surrcand.  The coarse filers
Lordering on vite lam, elast. inb. from the outside, are particularly
charcteristic.

Art. brachlialis. The prve=ess of lnerease in collagenous substanc
in the walls of the art. brachialis with advaucing age is as distinct as in
the art. tesor lise  In early childhood the central layer orf the art,
braciii *1is containg wnooth swsele Tfivers which are avrernsed in dense,
almost regular processions, forming repular rows separdted by fine, colla-
genouy 4nd precollazenous iibers. Al age 5-10 these fibers appear to be
coarser alnd thilcher. AL age 20=20 a certain lrregularity say aliready ve
noted in the arranpemsnt o, muscle fibers. The media, particularly in the
ouler layers, shows isolated, smaull spots cousisting of bundies of fairly
coarse, wllapaious fibe s, At later age levels (40-50 years) these areas
becows progressively larger wd are found wore of'ten. at the highest ape
level tne (ollapenous subsbonce in the dgedia exceeds the mnscele Cibars
gquantitstively. Thus the muccle lundles in the art. braclialis of 4
bi-yeapr=uld are vely Giin aid scabbered Lelwean Llis cuairse collagencus
fibers in relatively smll amounts., In addition, particularly thich
collagenous fibers are found primarily on the outside of the lam. el,
interna. Precollaencis fibers are found everywiere in large cmounts next
Lo the collagenous ones, The former have & civcular course in the media,
entwine the muscle fibers and form netwrks between them. Conpired to
younger material, they seem coarser in advanced aye; the metworks are less
dense and a trunsformtion to collagenous fibers is evident everywhere,
The structure of the inner layer in relation to the proportion of
collapenous to precollarenous fibers does not Jiffr frow that of the art,
femoralis.
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&

St nWly Teewet soboas indy te ouservel; L contuing fine
CLrjeinouy and crecollazenous dibers that onter frow uhe wedia turough
Lhe aps in the law. elast., int. The a ount of colligenous fibers in the
media ot this uge has increused when compared to the preceding mterial.
4t ipe 27 the nunder of collipgenous and precollagenous fibers in the
central ard inner layers has increased considerably over childhoovd. The
fibers ure quile coarse and [orm considerable aggregates in places. A
particularly characteristic sign is the arringement of coarse fibers
alon;r the lam, elast. int., both inside and out.

The 4t am »bh decades reveal an irregular acrangemern. of the
wascular and enllagenous fibers. The media is permeated with fairly lurge
ireas consisting of copilous collupgenous fibers. The amount of mascle
fiber has decreased relatively, they are scittered in irregular bunales.

A larpge quantity >f collagencus fibers is fouwnd also in the intima, where
Lhey uccur everywnere between the musculas and elastic fibers. In later
age the collagenous fibers are zspecially coarse; they have a certain
dull appearance and the contours of the individual btundles are vague in
places.

The precoliagerious fibers of the art. lienalis are well cefineu Irom
e:rlicst childhood. In the intima they prefer a longitudinal orientation.
In the media they follow a gerpentine course alons the muscle fibers and
form networks between them. Some of them are coarser, others finer, a
few courser {ibers border on the outside of the lam., elast. int. lLater
age Lring a thickening of the gitter fibers, their coarse is less serren-

ine ana they change into collugenous fibers *hroughout.

art. mesenterica superior. In early childhood the media contains only
Jivie collugenous and precollagertous fibrils which have a circular orienta-
ticn between the muscle fibers. Their amount in the media is increased
from the 5th year on and they appear to be coarser. at age 10 the central
and inner layers contaln a good number of collagenous fibers which follow
thie course of the lam. elast., int. in the intima, whereas they are situated
in bundles between the muscle fibers of the media. At age 24 this picture
is more pronounced; this age reveals a particularly strong development of
collagenous fibers at several points of the media. The arrangement of
nusculas and collagenous fibers usually is irregulsr. ot age LO and 50
the auount of muscle fiber has experienced a relative decrease; bundles of
various size are scattered between the collagenous network.
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The alterations Just described agree completely with those observed
by Schmiedl. He points to a "fibroais" of the central layer of the art,
mesenterica sup. which starts around the third decade and increazes with
age.

The coronary arteries of the heart. iHell defined collagenous fibers
are present in the imier and central 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, elzst, int.; they are loungitudin:l in the
inner layer of the intima and circular in the proximity of the lam,
2last. int. 1In addition; the intima shows a natwork of fine fibers that
proceed in various directions. The muscle fibers of tha zeriral iayer
are arranged in regular rows ssgparated by urdulating, fine ccllagenous
and precollagencus fibers,

At age 1€ the inner and central layers of the right and left coronary
arteries betray an lncrease in the numher and thickness of collagenous
fiberg. The network of fine collagenoueg or precallagenouz fibkers of
diverse orientabtion 1s considerably densser in the inbima compered to the
earlier age levels., Isolated fibers lead from the media Lo the intlia
throuzgh gape in the lam. elast. int. The central layer contains collag-
enous fibers embedded hetween tLhe muscles. They are coarser and occupy
more space than previously,

Age 16 and 2C brings #n increase in collagenous fibers in the walls
ol the ceronsry arterisgs, The ouler porticons of the intima contain whole
bundles of rather coarse collagencus fibers which penetrate into the nedia
vlia gzps in the lam,. zlast. int. The network of firs, interlacing pre-
cocllagenous fibriis 13 also more distinct in the iniima. The coliagenous
fibers of the central layer are coarscr and cover grsater arcas than in
the preceding material. The focl of collagenous fihers have an oblong
shape and are found more often in the section of the medias proximal to
the advontitia; apparantly they rolato to ths vasa vasorum. The nuscle
fibers are separated due to a proliferation of collagencus {irers and lose
their vegular arrangement known from childhood. At higher age levels the
amount of collagenous fibers increases conslderably in the central and
inner lavers.

At age 53 the central layer contains ubiquitcus and considerable
appgregabes of collagencus fibors in the forn of large individuizl strata
hat are vwedged betwesn the muscle fibers., The emount of musclse fibsrs
is decreased, their hundles are thinner than at sarlier age levels.
Unusuxlly great changes involving the development of larpe masses of
collagesnoug filters and the decreass in muscle fibars waere noted in the
coronary arteries of 4 62-year-old man. In this case, agpregates of
coarse collagenous fibers were present in the ferm of cextensive inter-
apsced strata. At this age the ccllagenous fibers assume a dull blue
calor after staining with Hallory, and the individual fibers lose the
digtinctiveness of thelr contours.




The gitter fibers in the wall of the coronury arteries (Fig. 4,5,6)
are distinctly visible in early childhood, both in the intima and media.
In the iptima they are usually oriented longitudinally and border on the
lam. elast. int., while the medie shows them proximal to the elastic
membranes. In the central layer the coarser gitter fibers proceed in
spiral undulations parallel to the muscle bundies, while the thinner ones
form networks between tie muscle bundles. at age 26-27 the numbar of
gitter fibers is even larger. In the intima, & dense network of them is
found clcse to the elastic plates of the hypernlastic layer. In addition,
fibers are seen here that are scattered without any form of arrangement.
Iin the media they entwine the muscle fiters quihe densely and fom copious
netwrks between thew, consisting of strongly serpentine fibesrs. The 5th
and 6th decades reveal well developed gitter fiber networks in the intima
and media, although the fibers are generally coarser and not as undulating
as in tne preceding age group; transitions to collagshous fibers take
place everywhers.

The above description reveals that the general arrangement of
collagencus fibers in the wall of muscular type arteries examined by me
is rearly uniform within a given age group. Earliest childhood shows
ralatively few thin, collagenous fibers in the central layer of these
arteries. The intimi contains them only in the coronary arteries of ths
heart, where many preccllagenous fibers are found as well. In the media,
the collagenous fibers are located betwcen the muscle fibers which are
arranged in regular rows in close proximity. The gitter fibers entwine
the muscle fibers and form networks between them. The coarser gitter
fivers border on the outside of the lam. elast. int.; they surrcund the
latter frequently and proceed through its gaps into the intima, Fairly
coarse gitter Jibers lead a spiral course parallel to the muscle filbers,

With advencing age ihere cccurs a uniform thickening of the existing
collagenous fibers and a formation of new fibers, Bundles of longitudinal
fibers are fourd in the intima at age 5-10, and the circulapr fibery located
on the ingd de of the lam. elast. int. are also well defined. Mor=over,
the intima 2lready chows @ uetworic of fine precollagenous fibers,
Particularly thick collag=nous longitudinal flbers are found in the intima
of the heart's coronary arteries, Th: deposits of collagenous fibers in
the medls becoms progressively thicker with advancing age and conslist of
coarger fibers than in early childhood. The increass in collagenous fiberas
continuee in Jater age groups (toward age 20-25). The muscle bundles in
the media are sepsarated more and more by the developing collagenous fiberg;
in addition, areas appear in which the coarse collagenous fibers are more
strongly developed, especidlly in the cuter portions of the media. In the
3rd and Ath decades these areas appear in the entire central layer, where-
by the muscle fiber bundles are separated over considerable distances dus
to the collagenous substance. At about age 40 the preponderance of
collagenous substance over the muscular elements becomes quite clear in
all arteries examined. Materisl of advanced age (5th, éth and 7th decades)
reveals conulnued increase in collagenous fibers, and the muscle fibers
are arranged in relatively thin, short bundles scattered throughout the
collagenous subsiince in the media; the collagenous fiters lose their
sharp contours and stain diffusely.
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The amount of fine fibers as well as coarser precollagenous flbers
grows with advancing age; they are everywhere transformed into collagenous
fibers, The third decade brings particularly dense networks of gltter
fibers, In later life the number of gitter flbers 13 quite considerable;
the coarser fibers are present in greater quantity and the fine ones show
a slightly serpentine orientaticn.,

Sumnary .

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. IHowever, each type of artery discussed shows certain pecu-
liarities within the context of the existing senile changes., The arteries
of the elastic type give evidence of a goecd number of coarse collagencus
fibers from earliest childhood, ccoupying a considerable portion of the
vascular wall. The collagenous amd precollagenous fibers of the media are
arranged in a circular pattern and anastomose mutually through the gaps in
the elastlic membranes as well as with the collagenous fibar system of the
intima and adventitia, Advancing age brings a thickening of the collagen-
ous fibers and formation of new ccllagenous and preccllagenous fibers.

The arteries of the muscular type contain only a few e~~llagenous and
precollageious fibers at an early age. Here we meet the Agenous
substane in theform of fine fibrils situated between the .ucle fibers.
With advancing age the arteries of the muscular type ex.nrience a
thickening and proliferation of the collagencus and precollagenous fibers;
the latter change to collagenocus fibers, The muscle fibers are distriou-
ted on isolated, irregula. groups. This process is snalogousz to that
described by Staermler “or the art., renalis and lienalis and by Schmiedl
for the art. mesenterica sup.

The attrition of muscle flbers with age is not as distiact in the

arteries of the elaatic type; it might ever be said that the total amount of

muszular elements is frequently greater at an advanced age than in early
childhood., QOuing to the preliferaticn ¢f collagencus fibers, the rsgular
arrangement of muscle {ibers in the media is disturbed and the muscle
fi.bers are distributed on irregular groups, just as in the mscular type
arteries.

In advanced years, and sometimes socner, the proliferating collag-
encus 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 mey be designated as "“hyalinosis® after Voigt.

The senile increase in ccllagerous fibers in the arteries examined
by me takes place diffusely; no foc . accumlations of these Iibers were
noted. However, the media consistently shows small areas, especlially
toward the adventitia, that probably correspond to the course cf the vasa
vasorunm and in which the collagenous [ibers reveal particularly strong
development .




In view of the consistency of such: vollagenous areas, they cannot be
consgidered 4 pathological manifestation, especially since signs of an
inflammatory nature are absent. A4 correlation between the atherosclerotic
changes in the intima ind the collagenous-fibrous proliferations in the
media could not be established from my miterial. It is itrue that my
material did not contain severe atherosclerotic changes, although such
alterations of low degree occurresd sporadically., I was unable to discover
any special changes in the media ot such places in comparison with neigh-
boring areas, where the intima did not contain atherosclerotic changes,
This obsarvation agrees with Staemmler's opinion that the development of
fibrous tissue in the central layer takes place independently 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 to the transformition of precollagenous fibers
into collagenous ones. The amount of gitter fibers is quite ccnsiderable
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 these fibers is converted to collagenous ones.

t may be concluded from the facts listed here thai the senile in-
crease in collagen in the central arterial layer pointed out by Staemmler
and Schmiedl relative tc certain arteries, are valid for the walls of the
large miscular and elastic type arteries as such, according 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. siccording to my observaticns, the senile
development 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
bloed pressure for the structure of the arierial media (X. 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 colligenous substance in the media, it
ought to be appropriate to designate it as "senile fibrosis (or collagen-
osis") of the arteries.

The basis of artorial fibrosis is apparently found in mechanical
influences (Staemmler), but a primary change in the physico-chemical
structure of the intermediate substance ("hysteresis") with advancing
age is also possikle, At any rate, fibrosis of the media, coupled with
senile changes of the intima (Jores, ilb. Aschoff, Wolkoff and others)
and the elastic framework of the arteries (Voigt, Gruenstein), as well as
lhe increase in chromotropic substance (Schultz, Ssolowjew) represents a
typical alteration characterizing the morphologic picture of the arteries
in advanced years.
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Illustrations.

Fig. 1. From the cross section of the art. c.rotis of a 9-day-old
child, Treatment accordirg to Foot. The gitter fibers entwine the
lamellae of the media, (Magnification about 800 X).

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

Fig. 3. From the cruss 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 Fool. The media reveals
numercus fine, serpsntine gitter filars that proceed between the muscle
fibers or entwine the latter (800 X).

Fig. 5. From the cross section of the right coroumary artery of the
heart of a 23-year-old man. Foot's preparation, The gitter fibers of
the media are thicker, more gsnerously developed, than in childhood and
form dense netwerks (800 X).

Fig. 6. From the cross seciion of the same artery of a 56-year-old
man, Foot's treatment. The gitter fibers of the media ure very coarse,
extended, decreased in number and form isolated, compact networks between
the muscle fibers (800 X).




