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INTRODUCTLON

This vheals deals with some aspects of the
origin, distribution and development of vegssels in
the artorianl wall. The work was wvaryiaoed out on
foetal and postenatal madterial, from bivrth until
elghty years oi ago. Obseprvations were »raecoprded
with the Qosletst Mixon X-Ray Projection Mloyeoscops,
which permits an examination of spocimens withoutd
histoelogical preparation, in contrast to the routine
mabthods of pireviouns inveatlgators,

While the majority of the Imporitant arteries
wera examined, in ordoer to determine albtesrabions in
the vascular patiecrns with age, partioular attentlion
was given (o the aorta, corounary, aud lowesr Llimb
artveries, since bthey are the site of prodilection
for athovosclerosis.

The devolopment of a blooed supply to the avibexial
wall was sbtudiod, in oxdeyr to £ind oul when diffusion
from the lumen ceasoed Dhelng the principal method of
nouxishment, and to shovy the differenc?g in distribution
bhetweoen prenatal and posbtnatal vasa vasorum, espdcelally

in arteries with adapitive ochanges at birth,
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T would like %o thank Professor G.dd. Wyburn for
the advice and encouragement that he has given me
during the course of this worl.

I also wiash to thank Professor D.F, Cappell,
Die AsDe®e Govan, Dr, AsM. MHacDonald, and Dr. 1.1,
Shaw Dunn for allowling me 4o visit thelw depavimenis
o oxamine apocimond, Without thelr genexous
co-operatlon, it would have been impossible for me
to have caryied oul Cthe isvestigation roported in this
thoglsg.

The Coslett Mixon HeRay Prejeotion Microscope
was given to the Anatomy Depsviment, University of

Glasgow, by the Medionl Research Council.
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HISTORICAL,
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LARE L
ILSTORTCAL

The helief, that blood vessel walls requlre a
method, other ithan diffusion, for the supply of
nutriment and eliminntion of waste products, has
arisén from an accumulation of oboewxvations over the
last two veniuries, The wvasa vasorum are pavritly

responsiblie for the mechanism of nubtrition, and 1€

i to the growth of kunowledge on these vegsels that
this histcerical survey is devoted, commencing with
work done in the nineteenth conbury.

It 1w convenient to consider the morphological
sbudlies on the wvasa vasorum in twvoe sectlonss

(1) Studies beitween 18351938 |
{2) Studiea between 1938-1963 ,

STUDIES ON T VASA TASURUM BILTWEEN 18351930

This period is characterised by the use of the
light microgecops bo dnterpret rouline hilstological
seetlions or Injection prepayrations of the vessel wall.
Rather than determing bypos of vasoular pabtternsg,
the gim of each study wag %o show the specific laves
in which the vasa torminated.

| It ds duntended, thorefore, Lo sumiarise the work
of the principa$ investlgators whouse obssirvations

gave »ise to differing opiniong on the extent of

[FIP-TOTN
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intramural vascularity,

(é) Studtes showiung vaga vas@rum in the adyentitla,,
gngd media’

On the basis of injecbion expesriments (technical
details not piven), Risse {(1843) concluded that the
vaga vasorum penetrated the outexr third of the modia.

The majority of asuthoxs in the second halfl ol the
nineteenth centuny agreed with Rissels conclusion,

Thus Geriach (1848) and Kb1liker (1850-1854) domonstrated
capillayxy networlks in the outer l&yar of +the media, while
histologleal examination of normal ﬁuman arterien led
Buxrdach (1835}, Morel (1861), and Siroganow (1876) to
conour in this opinion,

Gimbert (1865), from a detailed study of positmorteon
and surgiocal speclmens of avteries and veins, described
longitudinally esrvanged vasa belng distzibuited bto the
adventitia, where fthey branched to peneirate the media
2t yight angles and form ansstomosing nobworks in the
inney layers of the media, Obgexrvations by Kdster
(187%) and Schulman (1892) upon hisitological sections
of nermal human aviveryies in geneval supported Gimbertis
theory, although Kbster was of the oepinion that
occaslonnlly the vasa might penetrate almost to the

intilma.



G

Leas dogmatic in Ltheldr beliefs than the Riswpe
and Gilmberd school of thought, Zahn (2890) and Grlinstein
(1896) studled human vepsels by injeotion end histologlos
techniques and concluded that in tho gorta the depth of
p@natratibn posaibly varied with age, whille in mrteries
othesxr than th@'anrﬁa the vass wors usually confined to
the adventitia. Grdnstein was of tho oplnion thab
hetber injeotion sechuniques would demonstraie more of
the dAntramuiral vasculebture than histologioal meithods
and that nutrient subsliancea migh% also veach the
vesgol wall by diffusion fromithe lumers, Later Pobtyolf
(1923), £3rom Vi%ai statning sétudies of the vesscel wall,
gave evidenco of nuﬁrimanﬁ pasaing Lrom the lumen %o
tﬁa intinma, snd vindicated Grilustein's hypothesils that
the adventliila and outer half of the medils obitained
thodlyr nutribtion from the vasa vasorum, whilo the
remainder of the vesseldl wall was nourdshed from bthe
fumen.

A consildexable mumbexr of authors, dncluding
Thompson {1B64; Raynaud {(1865); Martin (1881, and Keye
Abereg (188L), using voutine histological techniques,
commontaed upon the presence of vasga vasoxum In the

media but did not state the depth of penebzration.
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With the fturn of the century, the emphasias in
work conceyning the blood vessel wall was on the yoie
luminal blood played in ithe nourdighment of the invluma
and lnner media. Since the majority of these studies
ware pure blcechemlcal essays and did not consilder the
vasa vasorum, they will not be roeviewed,

in the study; *Human Bleod Vessols?, Meigs [1907)
stated that the vasa vasorun of the peyipheral avriteries
were found iz the outer third of the media, and Gross:
(1921), during an investlgation of the heart's blood
supply, commanited upon the anastomeses botween Lthe
coronary and bironchial arteries, through the advenuitial
vasn of the pulmonary artery,

Woodrufs (1926}, using India ink injoeilion technigue
reported that the vasa vascruvm in the aortae of the
horse, dog nud Lmabks might extend to the internal
elastlic laminan. Robertson {1929}, in addition to
Lavestigating the zortae of dogs and lambs repoirted, on
the basis of injection expoeriments wiih cellulose; vasas
in the outer third of tho medis in the normal human
thoracle aoxta,. Comparison of the results in these
huwanan and anlmal sbtudies shewed that in the lhorse vasa
ponetrated to the ilntima, and that nubrient intimal
vessels occurred in the dog, in contrast to the avasculaxr

intima and inoer media in man.
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{(n) Studies showing viaga vasgrum in the adventitics

The belief thoat the medlia conteined vasa vasorim
in specilal circumsitences only was shared by the minority
of workoya,

The principal situdy supperting this view was by
Plotnikow (1884). PFrom an examinatlon of human vessels,
which included acvba, limb axvderies, and their coxyxeapond
ing veineg, injectsad with a wamrm squeons gelatin solutlon
of Berlin blue, it was conpluded that vasa vasoruin were
Found ravyely in the media of Limb avieries; that there
was e constant correlation between the presence of vasn
in the media and intimal thickenings; +that the aoréa
and i1liae arterdes only contained vesa dn the medla on
account of dts exceptional ithickness, and that Limb
vaeine possessed vasa penetratlag to the intiuvia.

-fhewa studies showed s similarity to the results of
histoloeglical examinations in human arbtexies by
Kolsltansky (1855), Soboroff (1872) and Argeud (19013),

(c) gtudies showing vage vasgrum in the inbima,

The first wmajor contyribution to work in this field
wae by Lotierce (1829) (as reported by Ramsey, 1936),
who examined pogbtmortem materiasl and conciunded that
intimal blood wvessels ocourred in the arterizas of

foetuges and elicabe infante', under normal conditions.
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About 1L8Y0O, intercst was growling upen the
mechanism of dluntimal powdsbhment, on acoount of bhe
conflliction between Lebierce’™s worl and the roparts
of Risse (1843}, Geriach {1848}, Kiiliker (1850-1834),
and Gimbert (1865), showing avﬁaculariﬁy af the iuntlma.

K8ster (1875) examined vessels affected by
Yarteritias®, uwsing yroubtine histological technigques,
and repoxrted that capillavy beds were alsoe formed
beneath thé normal intima, with occaglonal intimal
penetration from the lwen of lorgbr vessels,

purante {1871} and Fhrenvelch (1L880) expressed
the view of the majoerity of aunthors thalt the intima
in normal ardteries was avascular, and that fthe metlhod
of transporiing nubtirdment to the dntima was by dlffusion
from the vasa %asawums

While it ds bevond the ascope of this yveview Lo
consider, dn detail, the phyaiologlenl data which lLed
to bthe acceylence of intimal nourishwment ceming frem
luminal blood, the sarly experiments of Pebroff (1923)
and Anltschhow {(192%), showing viital stadning of vessel
walls, and the absorpiion of bile pilgmente by the dntime
in Jaundiced patients,; may be mentioned.

Furthoyr mowvpholeglcal studies, usgling histologleal

and injection btechniques, by Leavy {1938}, Paterson
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(1936) and Wintevrnitz, Thomas and Loelompie (1938) on
normal and pathologlcal specimens ¢f aoxita and coronary
avteries, showed that the intima is svascular novmally.
only being vascularized in "awrteriosclerosis®.

OBSERVATLONS OMN THE VASA VASORUN BIEWSIEN 1938=19617 .

This period is characterised by the introduction
of microradiographic technilgues, as an adjunct to the
routine histological and injection methods used in
studlies of the micxocirculation, These bwo approaches
will be considered separately.

(a) Studieg inyolving routine histological apd
injection teghnigugss

short {1940), using Migglns Engrossing Ink,
injected normal, phlobhoscloroetic and thrombosed femoral
velns, t0o show that the femoral artery distributed
caplliaries {to the media of the femoral veim in {the
form of "“"sublamellar plexuses®; that "nodal piaxuaes"
of wvepous vasa were arianged alongside the asyterial
vasas bthat the normsal intimn was avasocoulay in contrast
to the inner layey of the pathologlceally wffected
vessels, and that there was "vasal hypertrophy” ai the
edges of the aittached thrombus,.

In 1947, O'WNeill, by selectively staining ved
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colls with henslidene, demonstrated intramurel voessels
in the veins of dogs, and showed focal desquamaition of
the intima with inerecased powmmneavllity to sdlver nitrsbe,
after expeoximental deprivation of the vasa.

Addibtiongl methods Loy studying capillary beds
were introduced by injecting stalned fat. {(Celesbino da
Uosta, 19&?) and the intravasoculay pregipitation of
iend chromabe. (Williams, 1948},

eom an examination of three hundyed acvitao and
one hundred soxvonary arvitexries, by roubtine histological
technigues, Ge;riuger {1951) Found that the critlical
thickness for soeondary vasoulamization of the Adntimna
in the aorta ﬁaﬁ Ue Bine and O, 35ma. o the anterdory
degoeending branch of thoe leaift coronany avierv. T™he
ovigin of this intima; plexus could be transmedial,
luminal, ox a combivation,; in which case an anastomoses
oceurred behbween the two sels of vesselss

Studies showlng vascularidation of the Antima have
ugually beon on discased gpecimens. Thus Wartman (1950}
confirmed the views of Horn snd Pinkelstvoein (L94C) and
Nelson (194l) that the normal avteriald intime was
avasculayr, before gilving morbld and experimental
evidence thot hasmorrhage in the avierial wall ficom

dissecting aneuryam, osclusion, thrombosis,; Lechaemis,



and rupiture was the cause of secondexyy intimal plaxuses.
Staubesand {1959), whlle pxrimarily concevned with
veviewing trends of thoupht on nutrition of the
arterial wall, repoviéed hyperaemia of the vasa alter
curet tage of the aoritic and 1liac Jumina in dogs, and
showed oleared aspecimens of the horase aovta, the
Aoey imme of which was avasoulan. It was bis
contention that the innoemmost laver of the avasculaw
rogion in thoe sozxitic wall was the Yachilles heel" of the
artory, beilng most suscepitible to the effoets of lajury.
In ap extensive investipavion of the ariterial wall,
Voerner (1959} examlned the vasa of the aowrita and
coronary arterios in huaman, dég, and rabbit specimons,
uaing a variety of methods, dncluding clearing with
methyl saliecylateo, dnjection with pobtassiuvm diohromate
and lead acetate, stained fat, selective staining of
rod cellisg with benzldene, and stalning of ehdothelial
cells with alkaline phosphatang, It was found thot
the . intima and inner third of the media wwe avesoulor
in ail specimonss that intimal capillavies only
occurryed in the progsance of avterioscloerotic leslons o
endotholial thickenlang, and that, in confoxmity wibh the
views of Bareroft (lQ&Q), the mucopolysaccharides mdglhit

play a signiflcant »ole in Tacilitating the diffusion
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of nubtyiment through the inner parv of the wall,

(b) studies inyolving Migroradiography.

The Two toechnigques degeribed In this seowion are
Contact and Preljeeblion Microradiography. These
methods wlll bo considewrad meparaﬁéiye

(1) Contact Wicroradiographyv.

Ploneerad by Lastorque (1933), oontant m@ﬂroradiam
graphy quickly hecame recognised as a technigue Low
invoestigating radlio-opagua tisaues in hiology.
Ingectlon of radiosopague media enabled studies in
mleroarteriography to be porformed, Barolay (1947)
heing among bhe firel workers in this fleld,

Sehldchienr (1048), uslng a gelatinelead carbonntoaw
mereurde sulfide mixture, deserlbed by Doek {(1941),
injected the aortan of dogs, rabbilbs, chickeons and
man, bto show Hhot the greatest wasculaviiy wvas in dog
aorbte; bthat experdmentally induced atherosolerosis was
mont sasily produced in rabbltsy which had the poorest
aorbio blood supply: that coagulation necorosis of the
anortic sdvondtitlia in dogs led Ho cyﬂhic_nanroaiﬁ of the
media, producing dissectilng aneukvem, and that the
Anfant aoxrta beesne less vasceulaxy with age. Earliier
studies. {Schlichtewr, LOU6.). deﬁcnaﬁraﬁed the

intramural paticen of vesgsls in dog aorta, and
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emphasised the incireased freguency of intimal vasa
originating in tho descending aorio.
| Following the wovk of MeGune (1951, 1952) on
the vascularivabtion of arderdial grafts, Bellman and
rothman (1954 ), in a microanglographic siudy of
acribic and femoral grafts in dogs, showed the dilifference:s
between the Lrregular appeaprance and distribution of
intramural vessols dn the graiits and the regular
pattern of the vasza vasorum in the adjacent host
artary,

de Sowsa and Alvares. (1960), using a 50%
suspoension of Micvopague in waber, dnjected the wvase
of the aorta in man and dogsy wveported "siauvous" and
"knob" appearvances in the adventitial vessels, which
were interpretaed as “damping mechanisms® for Intramural
presgure gradients, and descyribaed vthree patterns of
crosse sectlonal bravching in the ouwdtew third o0f the
media,

Bahéamin, Bartenbach and Zelt {1960), investigoting
the fallure of suture lines in homologous arterial
transplants, examnined thoe vasa vasoyuws in the human
thoracle and lumbar aorta, and concluded that the wvasa

arogs segmenitally from intercosgtal and lLumbar arteirles
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that there was no cross anastomosls bebtween vasa of
opposite sidesy that destruction of the vasa to the
aran of the aortic wall belng grafted was the ceruse
of hogt aneurysm, and recomucnded that "reseotlion of &
gegment of thoe aocrita’ should not Anvolve its lmmediate
intercosital artery in the ches®t oxr the lumbar axtery
in the abdomen,

In » series of micerveangilographic studiles, Nylanderx
and Olexrud (1960, 1961) described longitudinal
adventitial vasceular patterns in the abdominal aoxta
of.the dog, which penciirated the outer media, in
copntrast to the transverse vessels seen in the
advaeantitin of the dnforior wena cavas reporited on the
abdominal datramural wvessels observed when thoe aorta
wvag expevimentally comprossed with rigid polythene
vubling, and concluded thot the anoxie tissues produced
by the systoliccompression of the wall against the
tube. stimulated vascular pgrowtbhe.

(ii) Vork dome invoelving ProJjocotion HMiecroradiography

Studies on the bleod vessei wall, using Projection
Microvadliography, are confined to one obsexrvation by
Wyokoi £ (1963), in whileh the xadilographic appoarances
of thie human aortdle wall were doescribed, without

raentlon of the vasa Vvasoriine.
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PART IL.

TS PRINCGIPLES AND METHODS OF X-RAY MICROSCOPY




17

PART I

TP AR

R PRINCIPLES AND METHODS O A-RAY MICROSCOPY

The use of x-rays Lor microscopy relies on the
fact that'xwr&ys have a shorber wavelength than Light
and, thevefore, & higher »esclving and groater
penaityating powes,

The present sbudy was underitakan Lo apply thils
principle in eluwosidabing the poatterns and distribution
of the microciroulsidion in Hthe ardterial wall, using the
Coalott Nixon z-ray projecitlon mivroscope (Model HK.M.30),

Projection methods of Re-vay adloprescopy depend on
a polnt sourece of zervays eapbtiang an onlarged image of
a nearby object onbto a distant fluoresecul sereen or
photogiraphic plate with o resolutlicn approximately

similar to the polnt souros,. The CGoslett Wigon
Zwpay mlorogscope aperates en this princlple and proutinely
provides a resolution of 0.1 «» U.54. Since the
magnlflcation depends on the ratio of the tbargete

object to target-plate distance, bBoth of whiolr axe
vapriable, a primary magnificuﬁion of up to 500 is
obtainable depending on the nature of the object under
study, In the present Lnverntigetion high magnifications

were not reguired to demonstrate the vascular patierns,



18

but advantage was taken of the high penetxating power
of the microscope o examine full thilckness blologicel
material, which was %0 mme thiok in some Lnstonces.
Oporauion pf the Microgoopas

The xwyay microscope ressmbles an inwerted elsctron
microscopa, the gensyal features of whioch ¢ shown 1in
taxt4fig. Xoe

Two varidable olectro-magnetic lenses, texmoed bhe
condenser and objoctive, are mounted vertlecally above
the electyron gun. A wegshaped tungsbton Lilanent
(D 4p thielk) within the gun produces sn elecbyron beau,
whieh is acceleretod at a selecbed Xilovoltaga. The
obJective lens is fitted wibth o speclal polepicce,
which produces a strong magnetlic Ffield <o foocus the
electrons on o thin bteargedt of metal foll asupported by
a barget assembly within the polepieca, Thae target
produces o boam of x-reyva ovor whloh s Fluorescent goreen
or speclmen holday and camera can e placed as reguirad,
and petvs as a tube window pyroducing an xe-ray point
soureae less than Ly in dianetemr, The total height of
the polwan 1la 80 cus.

Preliminary aligoment of the micyroegcope ds carried
out by lateral and axlal adjustments of the two lensvs,

with the object of conitring the election beam upon a



Lxplanation of TPext-~Plo, 1.

Diggram illusbrating the principles of the Coslett

Hixon Xe-ray Pojection Microscope (Model X.M. 30).



X-RAY MICROSCOPY
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Principle of the projection mieroscope.

TEXT- FIG. 1
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small clrcular viewlng soreen, which iz substituted
for the tawrget asscmbly within the pele pilsce of the
objeotive lons. A groptly demagndfiad dmage of the
glectipon source s fdrat forumed and focused on the
viewing screoint. This scoresn ig thon wroplaced by the
target, which emldts the X-xays ffrom a poipnt sources,
thus avoiding the difficuldty of focusing Xexays.
Additional forusing is carried out upen a fiunoyvescentd
soroeen placed above the tevgeh. A fine sillver msoh
grid te used {1560 mesh/inch) end the sharpness of the
inage adjusted by albterdng thoe leuns curroeni.

The instrumont has a vayrdable kilovoliage
(530 k.v,) and it is possible %o select that voliage
wvhich gives +the eoptimum penetratlon aond contrast, Tha
barget is Anterchangeable, and copper, aluminian, tungste
or silveyr may be chozan, deopending upon the charaocteristi
oy wavelongtih requdired.

A target of thin coppex foll, used with an
acoolerating voltage of 15 kv, and 30 mioxoasmperes tube
current, provides a satlafacbory combination of resolutio
penotravion amd contrast undey atmogpheric condldtilons,
Adumindum is uvsed fox Hthin €tlssue wiith an accelerating
volbage o0f 7 » LO kKeve. and 30 « 5[50 mlorosmpereos tube

currant, giving the required contrast at the expensce
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of poor panetiration,

Micxocangiography domands a contrast medium of
high »adio-opaoldty and small paréilcie sisze, that da
raaddly niscible with blood and copable of entesring
the caplllary bod, It wae found that a colleddal
suspension of harium sulphsite with a coustant pavrticie
aime of O.45p or less Lelfilled these conditiong, and
was maxkeaeted by ﬁ%manay.% Microanglograms were
obtained, using this suspension, afier Mresh post morbem
materiaol had bheon injectad,

Regulis with Laxgy MIcorosoopy,.

Projactlon Zeray wmicrosoepy ls sulted to the
study of the microclroulation, sinece all the bhlood
vessels ramain_in Ffoous Hthrouvghout the full thickuncss
ardterial Wéll. dn consrnst to rouitine hilstologileal
tecimilgues, no preopavation mf s2otloning of tlasue is
reqgqulred, thug permitting the visualilisabion of the
volwme patbern of the blopd vesasls dn undisturboed
gondd tlons. Such vesoular patterns axre uncbtainabloe
by light microscopy, even with the aid of clearing
technlguoes.

Oonvoentionally fixed matorial can be examined by
Zeray microscopy, but il mwst be romemberod that

“ Damancy & Uo.y, YWare, Hertfordslidsroe, England.



hilstologleal fixsbives denature preobein and sppreclably

#

alter Xeray Lransmissioi. Poxr this reasgson the proejectior
micvographs wore obtadlned from freshly dnjeclted, unfixed
material, thus reproducing conditions which resombled

the living arterial wall an closely as possailibla,

MATEM AL, AND MISTHODS .

The ayteriles studied in.ﬁhis work and the motnoﬁé
uged in examining the microciroulation of the arterial
wazll wlll be described, for convenience of referanceo,
in the owdex the resulds ave recorded in Paxts 3, 4 and
50

The wvass wvasorum of the avieries weve injeched
wilth Micropague, which d8 o sugpeonaion of baxium sulphate.
The detaldls and saitability ol Shis piroduaed hove boean
digsoussed abovo.s |

Pawrcicular care was taken to ensuxre that
Micropague was dntroeduced at physliologlical pressures,”
and each injection wag monitored manometrically.

In this way rupture of the vasa vasorum and the
manufacture of arteficial cehannels wns avoilded,
Oceaslonally, when a rupturs did csouyr in the ariherial
wall, bthe dvregular outline of Hthe injection medium on

the projechbion micrographs econtrasbed sharply with the
* 80mm. Hg. for foebtuses before the 28th weelk: 10Umn,

t

Hge until tewrm, and alter blrth uatil 10 vears of e

Theresafter 1L20mn. tHg.
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regular contour of the nural vessels, and this
specimen wasg discarded.

All the projection micrographs were recorded
on Ilfoxrd Contrasty Plates.

Vessels in the Postnatal Ariteriel Wall.

() The vasga vasorum of artexigs between 15 and 80
years of ages
The Aorta,.
Mty normal aoritae were obtained within 8 hours
of death, and examined in equally divided five ysar
groups. Ppior to dinjectlon the specimens were
irrvigated with saline at 3700. to remove luminal clow.
The arterial vasa wexe injecteds the ascending
aorta retrogradely through the coronary arvieriess
the arch through the.brachio~oephalic trunk ahd
bronchial arteries, and the descending aorta thréﬁgh
the intercostal, lumbar and mesenteric arterios.
Venous vasa, to the corvresponding parts ol the
aorta, were injected through the coronary silnus,
bronchial, intercostal and lumbar wveins.
X-ray projection micrographs of full thickness aorti
wall and 1lmm, thick Jlongitudinal and transverse sectlons weil
cut by hand and recorded, with an exposure time of 10

minutes, a copper tavget providing the x-radiation.



The microscepe was operated ab 15 k.,ve and 40
MICPCaNPeros .
The Coronary Arteries.

Fifty padxs of normal corxroneasny arterles wewd
exanined within 8 houvrs of death, In equally divided
B yeary groups, and prepaxaed for Injectlon as beforo.

The arterial side of the miorocirculation was
demonstrated by lujectlon through the ascendlung aoxinl
the venous sids thyough the coronayy slitug.

Xevay projection mlicrographs were taken as bhefore
with an emposuvre time of § minutes,.

The Pulmonary Trunk and Arbteries,

Pty normal pulimonary frunks and fwenty Cfive
pairs of pulmonary sriervises were. examined within & hours
of death, in equally ddvided 5 vear groups, and prepared
Poxr dnjechtion as bofore.

The avtsrial vasa of the pulmonary trunk were
shown by dinjeetion through the ascending aoxtat the
vanoua vasa thiough the coronairy sinus. In contrast,
the arterial vaesa of the pulmonary arteries were
demonatrated by injection through ihe bronehial
arteriess the veunous vasa through the broachial velus.

Heray projecitioh micorographs wore taken as hafore

wilth an exposuve time of 10 minutes,



The Arveries of Hoot of Neoi,

FAfHy normal aoriile avcheos, with the attached
proximal 3 dlnoches of the brachic-cephallc trunk, leflt
comnoin caroetid and auboeclavian avtexries were obltalned,
prepared and exanined in similar groups vo ithe aoria.

The arterial vasa were displaved by injeciion
through the brachloscephalic trunk and bronchial
arteries: bhe venous vasa through the bronchial veldns.

Xeray projectlon micrographs were taken as
hefore with an exposuce fime of 10 minutep.

The Verbebral and Internal Cavetid Arterdces. .
Twenty pairs of normal vertebral and intexmnal
sarotid, arterles were examined ln equally divided
5 veay. groups,

The vertebral and internal carotid prteries
were injected dn elitus  the avderlal vasa being
demonsbtrated by injection through the veritebral and
common carotlid avteries in the xoot of necks the
venous vasa through the vertebyal and indernal
Jugular veins,. dopay projecelon micrographs were
taken as before with sn exposurs bime of 6 minutes.
The Basilar and Cerebral Avievies.

Thirty nommal postmortem bralns were obitalned

within 8 hours of death, sxamined in equally dlvided



5 vear groups, and prepared for injection as hoeforc.
CThe axvterial vasa were shown by dnjootion through
the vertebral and intornal carotid apwtervias.

Herpy projeectlon micvographs were taken as hefore
with an exposure time of 4 winutes,

Uppewxr and Lower Limb Arteries.

Thivty pairs of normal upper and lower lLimb
arteriecs were obtalned within 12 houra of deatl,
pxaminod 1in eqgually divided 5 year groups, and
proepared Lor injection as beiloro.

Fach aritery wes removed in a bhlock of vissue witlh
the accompanying velins. The awvterial wasa woxre
demonstrated by injecoting vhe limb arteries alfter
ocoelusion of thelr branchess ithe venous vasa through
the agoompanying velng.

Kooy projection micrographs wore taken as before
with an ocuposure time of 5 minutos.

axrs

L &
wel  AwE ETCY WS

(b) Vasa Vasowrum of Avieryigs botween Blrih and 5
8F AgCGs,

Twonty neonatal, and twenly noermal aoxitae off childre
wera obbtained within 12 bours of deatbh. The neonatal
specimens wore examined in squally divided groups at

woelkly intervels, and the childrensz?® soritae at yvearly

interxvals.



The aorta and Lita collateral Lranches, wiih ithe
heart attached, wero romnoved in a single bluock of tissue
and lyrigated withsaline ¢ 3?009 for 2 hours, bhefaore
injgeoting the srierial and venous vasa thropgh similar
poutes to the adult spacimens.

In)eection of the arierial wvasa in the ascending
aorta was accompanied by c¢losure of the coronary sinus,
Lo prevent retrograde filling of ihe wonous vase bhrough

the foramon ovala,.

Leay projecitlion micrographa were taken with an
exposuvre time of 5 minutes. The microscope was operated
at T0kev., and' 50 wieroamperes, an aluminiwan target
providing the xeradiations
The Pulmonary Trunk and Arviterioes.

Twenty neonatal,and twenty childrens'! pulmonayy
trunks and arxteries were obisalued, prepared and exemined
in similar groups to the neonatal and childrens® snortac.

The arterial and venous vasa wers display@é\by

injecting through simllar routes o adult specimens,
wilth the foramen ovale occluded while the ascending
acrts was being injected.

Hezray projeciélion micrographs were baken uwundex

similar conditiong to the aorta.
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The Arteries of Roodt of Neok.

PTwenbty neonatel, and ftwenty childrens?! gortio
arvehesy with the . attochoed branches woere obtalned,
prepared and examined in simllar groups bo the aoria.

The arterial and vonous gidsa of the mioroe
ciroulation were shown by injesiion through similax
routés to adult gpeclmens.

Xepay projeetion micrographs were baoken undsy
similay conditions Lo the amorta.

Upper and Lower Limb Avierlies.

“Chivty palirs of neonatal and childrena' normal
Limh avteries wave obtainod, preparved and ezamined in

simllax groups o the aorioes

The arberial and venocus sides of the miero-
circulation were demonstrated by Injection through simlla
routes to adult spocimens.

Reray projectlon smilerographs were taken undey
gimdilar conditions to the aprbta, with an oexposure Lime
of 4 minutes,

(¢} Vasa Vasorwn_of Artepites betweon 5 apnd 15 Yeaxs of Ag
. The Aorta.

Fiftean normal aortae of children were obtained

within 12 houws of desath, and examined in equally distrib

utbed thioe yveamxly groups,



The aoritea auwd Lts collateral brancheg, with bthe
heart attadhed;, were xemoved 1o a single blogk of tlasue
and irvigated with warm saline ot 3?00. for 2 hours,
bafore injoeoting the ardterdal and venous vasa through
similar routes +wo The adult ppecilmens.

F=ray projeciion micxographs were baken wiitll an
axpoesure tiwme of 7 winutes. The microscopse was
operated at 15 keve and 30 microammpoeres, a coppenr
target providing the m-radiation,

Tho Pulmonary Trunk and Arterios.

Pifteen normal pulmonary trunks amd arteries wore
obtained, prepared and examined in similar groups vo the
aorta.

The arterial and venous vasgs were injecied through
aimilar routes to adult specimens, and xeray projection
micrographs taken with an exposure time of 6 minutes,
The miloirvacope was operated undey similar conditions
B0 tho aorta.

The Arvteries of RHoobt of Neck,

Fifteen normal soritic aveches were obtalned,
prepared abd examined in similar groups to the aorta.

The arterial and venous vasa were Injected through

similar routes to adult apecimens.



Hexoy projection micrographs were taken with an
gxposure time of 6 minutes, bthe microscope haing
aporated av 15 k.v. and 40 miorcamperes, a coppex
target providing ihe xX-rudlation.

The Coronavy Arteries,

Mifteen poirg of normal corocnary airterdos were
obhtained from children between 3 and 15 yvears of age,
the specimons being prepared simllarly to the aorta,
but emamined in edually divided 2 voar groups.

The ardtorial and venous vasa were injected through
similay roubtoes Ho adult specimoens,

Feray projacilion mloerographs weve tekon with an
exposure btime of 4 minutes, the micrescope being
oeporated at 10 k.v., and 50 microamperes, an aluaminiam
target providing the xeradiation.

The Upper and Lowexr Limb Arteriog.

Fifboen pairs of normal upper and lower Limh
artories wewe obbtalned, prepered and oxamined in
similaor gioups to the aortas

The sirterial and venous gides of the micrecircoculatilo;
wvere demonabrated through slmilar routes te adult
spaclmend.

Xeray projecitlon micrographs were takoen with an

exposure time of thiee mimutes, the. miocroscope being
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operated alt 15 K.va

and 30 mioreoamperes wlth a copper
target providing tho x=radiation.

Vasn Vasorum in the Foetal Arterial Well.
The Aocrta.

Thirbty foetal aortas were examined from stvill-
births and normaal Foetusss in equally divided groups

at fortnightly intervals from the 12th week of

intrauterine lLife until texm, withdin 12 hours of death.
Botween the 12th and 284k weelr no attewpt was

made to differentiante between the arterial and venous

vasa, the mural vossels belng injected by introducing

Micropague thiough the umbdilical vein.

After the 284th week

thoe aorita wasg obitalned,
prepared and injected through similar woutes to the
neonatal and infant speclimens, thus showing

and venouns sgildes of tne

separately.

the
arterial

micirocirculation

serny projecition micrographs were

talen wlih
exposure Lime of

an
2y

2 mivnutes oy specilmens before the

RBth week, and 3 minutos

thoreafter, The microscope
was operated at LO k,v, fund B0 microauperves,

an aluminium
target providing

the mexadintion,

The Pulmonary Trunk and Arterios,

Thirty foetal pulmonary btrunks and arteries were

obt-ained, propared and examined in similar groups io

i

i
e BN
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the Joetal aortae,

The foetal speclmens were injected through the
nmubilical vein prior to the 28th weelk, and through similarx
routes to ﬁeonatal specimens tﬂeraaft@f.

X=ray prrojection mlcrographs were taken undeyp

gimilar conditions tog the Foetal aorta,

Vaga vasorum of arterles showing adaptive changes

at birth.
The Ductus Ariteriosus,

Pifteen pairs of foetal ductus arteriosus
weire obiltalned and examined in egually divided groups at
Fortanightly intervals ¥rom the 1L2th weelk until term, within
12 hours of death,.

Ten pairs of normal specimens of neonatal ductus
arteriosuss five pairs of infant specimens from the
first 5 years of Life; Five palrs of specimensg firom
children between 5 and 15 years, and twenty pairs of
spaclmens from adults between L5 and 80 vears of life, were
examined at intervals of 1 week, 1 vear, 2 yvoears, and 5§
vaars respectively, in equally divided groups, within
12 hours of decath,.

Before the 28th week the nmural vessels woere
demongtrated in foetuses by injecting through the
umbilical vein, and thirough the internal mammery artery,
ascending and thoraclc aorta in specimens after the 28th

week and afteyry births

X-ray projection micrographs wvere taken, the
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operative procedure beling shown in Text-lig. 2.
The Umbilical Asrteries.

Umbilical arteries fyrom 20 foetuﬂes, stillbiriths
and 10 neonates were examined, the antenatal specimons
being obtained in egually divided groups at 2 weekly

intervals from the 1L2th week until fterm, within 12
hours of death.

Prior to the 28th week the fosestuses were injected
through the uwmbillecal vein, and microradiographed
similarly to foetal ducius arteriosus,

After the 28th weck the foetuses, stilliblrthe
and neonates were dlunjected throughr the femoral artery,

and microradiographed similarly to foetal and neonatal
ductus arieriosus.

When compairilng the vaescular deaslitles of specimong,
the vessels wors esitimated against a yadiowopaque mesh
(200 squaves /inch), whioh was superimposed on tho
gpecimen when the micrograph was taken. The vessels in

each square were then counted, the density measurement
being the number of vessels over the total number of
gquares on the measkh.

The intrinsic vascular avrangements woere also
studied histologically by Plckworth's method (sodium

altroprusside benzidene stain) and by routine preparatlon



Lxplanatlon ol TexteFlm. 2.

Diagram Lllustrating the operalive technlgue of thwe
microscope in the dnvestigation of the vasa vasorum

of thoe ductus arbteriosus.
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SPECIMEN KV, MICROAMPERES RADIATION TIME

FOETAL 10 50 Aluminium 1 minute
NEONATAL 15 40 Copper 2 minules

INFANT 15 40 Copper 3Iminutes
CHILDREN 13 40 Copper Sminutes

ADULTS 15 40 Copper 5 minutes

TEXT-FIG. 2.



techniques with Harrist's haematoxylin, Masson's and
Mallory's brichrome stains.

These methods were used since the majority of the
micrographs were completely translucent, and a vouitine
histological techunlgue was necessary to define the limits
of the arterial wall, thus ensuring a correct estimation
of the depth the vasa vasorum penetrated. Moreover, a
hasis for the critical comparison between the routine
results of histological Lechnigues and x-ray microscopy

was NeCesSsSBEY.
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VESSELS TN THE POSTNATAL ARTERIAL WALL

AN,

INEROVUCTLON

The vasa vasorue of arteyrles gitudied in positnatal

Life ware, tho aorita; coronaxy arterdesi pulmonany
trunle and ayvteries; arteziaes of the oot of nocks
hasilar end cerebyal arterias, aid upper and lower

Limbh arterios.
The characberdstic vasoulay patberns 1in the

avterial wvall will be exemined Ln thioe giroups,

establishing the adult arvangement first.

GROUE X,

TR TR A A AL

THE VASA VASORUM OF ARTEHTES BLTUSUN 15 AND

BO YBARS OR AGE.

The £dipst observabtion on the vasa vasoxuwg of the
aorta is attributed to Thomas Witlis {Hallexr, 1737).

QOther poeritineat literabture on the lantranaval
vasculature of the aorita has been reviaowed in the

historical seciions

{n) The Ascending Aoriam.
From an sxnudnpiion of the miorvographs 1t was

concluded that the arterial supply to the asconding
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aorta originatod ftom bhe ceronary osiia and whe
terminal vendtriceulay hranchaoes of the left coionary
avrtery  (Pigs. 1 = 2.

It was found that the ight and Lleft coronary
artordes distributed loangiiuwdinal qeoiled arveriolar
channels, 100p in dlameter, to fthe aoritic adventitis
(Phge 3) s« fraguent anastomoses osourved between
the erterioles (¥ig. U).

Prom bhis advaentlitial plexus, arterlioles SQu
in dismeter ponetrated the deep layers of the
adventitia {(Pig. 5), bifurcated and forxmed a seaondaxy
plexus of wvessels, 10-20p in dimseter, in the outew
two thirds of the medis {(Fig. 5}). |

It was evidont from the micrographs that the
adventitial arterioles and theiy immediate hranches
ahowaq codling, which wap wost marlked on the convex
aide of the aoritn (PFig. 6).

The bterminal branchep of the lefdt coronary avihery
wore distributed to the base of Lthe aoxia snd astitacihmont
of the aoxiic valv&. These arberiess showed ¢oiling.
were S0 in dlameter at thelr origin, and formed an
lrregular network in the advenbitis before peunetrating

the ontor btwo-thiprds of the media (Pige. 7-8).
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Prom an exomiunation of the micecrographs showling
the wvepnous side of the miorvecirculation,; 1t was concluded
that there was o dense plexus of velns in the adventitial
lLavew of the sovta, which comsmuenced 1 oms proximal to the
aoyrtic azoh and deained dintoe longlhitudinal venous
channels, situsted predominently on ths concave alde of
the aortic wall, vArranged approximately parallol and
showlng ecross anagbomoses, bthose 1ongiﬁudinal channels
wore 1201404 in diameder and drained inte tribuiories
of bthe wventricular coromary velns at the buse of the
aorta (Eig. 9),

The wributarvies of the adventitisl plexus originated
in the aortlic wall aﬁ‘tha'junetian ef the Intimel and
maedial lavers, thus appearing closey to the aortic Lumen
thon the arteries, Coanlescing in an irwagu&ar patitorn,
thege tributeries traversed the dthickuess of the aortic
wall $o drain into the &dvmntitigl venous plexas
{(Mz.10),

(b) srveh of the Aowba.

The microgrephs phowed that the swamit of the
aortic arch receivgd tight;y aoiled awterieles from the
bhase of the brachlo-cephalic trunl, while the sides
and concave aspect of the arch of the aovria were

supplied by simaocus artericles from the bronchizl



arterhes {(Flgs. 1i-12).

At owas found that +thoe adventitlal avterioles wvere
80100y dn dismeter, and penctranied ﬁhe outer twosthirds
of the modia to form o plexus of vessels 10-20) in diamete
(Fig. 13).

The wvenous vasa comaencod a9 A plexus of vessols,
20p In dlametor, in she inneir third of the medla,
drained shrough the asoxvic wall to form un advoentitiel
network of veins L00--140)p in diamotver, siibtuatod
prinoipally on the sides and concavity of the orch, and
joined the hrouchilel veins (Figs. 1he138).

{c) Descending Thoracic Aorba.

It was evident from thg microgiraphs that the
Inseoroostal avieriles disitributed sogmentally arvrangod
sdventitial avieviolesn, 8C-100p in diameter, which
anagtomosal unilatorally to Lorw o longitudinal plexus
with noe cross anaabomoscs (Plgs. 17-18).

-Pem@tration o the ouler two-ithirds of the media
cceurred, wkth the Tormatlion of a soecondary plexus ol
vogssels, 10-20p in diameter {Pig. 19).

The venous wvasa oviginated as & plexus of vessels,
200 dn diameter, in the inner third of the medin,
traversed the poritio woll, Formed o clrovmferential

network of veins in the adventitiam, 100-140u in diamoctver,
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and drsined inbto the intereostal velns (Pigs. 20e21).

{(a) abdominal Aovbae

Feom an examination of the microgmapbs it was
shown that miventit:?.:;]. a:rtu;%:'iales, BO-100p in dizmeder,
airagse fyom the lumbor and wesendtoerle arviteriess thab
the distributiocan from the lumbar aviterles wus similay
to the inbevceostalsy +that the wmosenteric arteiries
supplied long sinuoue arterioles Lo the anterior
aspect and bifurvcation of the aorita, ecxtending dowan
the common Lliane arteries, and that the two setg of
artoriolos arborlised (Figs. 22m28 ),

An dnconstant arbexvial supply originated fLyrom *tho
coelliac axls and small branches of the comnonr ildac
artery, to be distributed to the anterior aspect of
the aorta and iits bifurcatloun (IMlgs. 25-26).

Pormatlon of a ﬁocondary arteriolay plexus of
vesscla 10«20p in diameter, in the middle thivd of
the modia was simliar to the pattern in the thoracic
8.0 ta (Fig. 27).

Thé origin and nmuaral course of thoe vemous vasa
was also siwllar 0 the arrcangement in the thoracic
agrta, but tho civoumforential neiwork cf voins wasg
densor, and drainsge cocurred to tie Llumbar velns

(FPigs. 28-29}.
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{¢) Common Tllac Artery.

Longltudinally aryangod, sinuous arterlolen,
80 «300p in dlamoter, arocse from the amall branchaes
to the uketers aud looso avoeclar disspuc, Lo penetrate
the outer third of the medla and Lorm a secondany
plexus of vessels 10-20p dn dlametow (Pigs. 30w31).

Venous vass, arislng as o nebworls of veluns 20p in
diometer 1o the middle Hthird of the moedila, traversed
thaleomman ilinc.wallg Taormed | 2. adventitigi plexas
off vessels LOOp dn diaﬁater, and dralvned into small
retroporitoneal Tyibuitarios of the common ildiac vein

(Figs. 3233},

The vasa vasorum ars of impoxbtance since they
supply part of the oxygen and mutritlon o the sortic wal
aﬁd the gencral feabures of thely distyidbution are
shown in bext ~figs. 3, 4 and 5.

Wintornitz, Thomas and Le Uompte (1938) conciuded
that while- the aortle Antiua wos only vasculaxiged in
Tarvterlosclerosis'y, Tthe wedia contalned "large sinusolds®
wiitloh were venous vaso. Yoernes (1959) axamined
serially ecut sections 400y thicl, and zeported Ya

n

vasculary avea in the innsr half of the wall' in one

speocdimens of the ascending aovrta.



Lxplanatlon of Toxt-Pie, 73,

Didagram of the arterisl supply to ithe ascending aocria
(ﬁaa.ﬂa) and proximal part of the aoxrtic avrch, showing
arterial vasa {2} arising from the right coxonary (A) and
the artorial vesa (L) from ithe left coromary sviery (B).
Note the arterial vasa (v) arising from the brachilo-
cophatic trunk (bwc) to supply the proximal aoritic arch,
loaving an avascular avea between the wvasa of the

ascowding acrita and axroch.
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Lxplanation of Text-Fiz, 4.

Diagram of the artniial supply to the aortic aveh (4),
showing arterial vase (vi) avising from a terminal

branch of the bronchial ariteny (h.r.aytu) wo supply

the siden of the awveh, and arterial vasa {(v2) originating
from the brachio~cophalic trunk (b-c) and left common
carobild (l.c.ce.) to supply the suwmmit of the arch. Note
the branches of the vasa on the summit of the avch
supplying the brachioc«cephalle btrunlk, loft common carotld
end laft subelevian {L.s.), and the anastomoses with
arberial vasa from the internal mammary (L.m) and
thyrovervienl twunk (t.v.) of the »ight subclavian (.. ).

Right common carotid artery (r.c.c.).



rl c.c.' -
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TEXT-FIG. 4.

l.e.c.



Paplanation of Textelice, 4,

Diagrem of the arterial supply to the descending aoxia
(A), showing sogmantal arterxial vasa oxiginating from
itntorcostal {i.c.) and lumbaxr srteries (L) to form
longitudinal anastomotic chalne (1.a.i.‘ Note the
artorlial vasa (v) orviginating from a mesenteric arbtery
(m.&.) to supply the antexrlior aspect of.the aorta,

bifurcasion and common iliac arteries (c.il.a.).
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In thisg series 41t was confilrmed that the dntima
in the normal aorta was avascular., Two specilmens,
however, of the ascending aorta showed dntimal
stomata, Crom which a smuall artericleg'SOM in diawmetér
arose, pierced the intima without branching, and
arborvised with the artexrial plexus in the media
(Fig. 34),

Examination of the wvascular patterns in the
adventitia and medis showed that the venous and
arterial sides oi the micrecirculation could bhae
dirferentiated in vessels with a dianster greater
than QUP_Q_

Xt was evident from the micrographs that toriuous
vaggaels 35“BUp An diamater lay at the jJunction of the
media and intima. These were only found after the
venous side of the microcirculation had heen dnjected,
It is suggested that they corrvespond $to the venous vasa
desecribed by Wintemdtz,

Lt was coneluded, therefore, %that since small
arterioles 20” in diameter could be recognised in the
middle layer off the media, the capllilary-~venule bed
ocourred in the inner third of the media (Fig. 21).

The colling and sinuosiiy of the adventitial

arteriociles, seen in the proximal and distal aorta,




were lnterpreted as defence mechanlmmns against the
varyving stretceh affact of systele in differont pards
o the aorla. While thevra was no e¢vidence of
inereased vasculavrity with apge, the adventitial
arterioles were moxe tighily codled in oldoexr specimens
(Pigs 25).

Tha ayrvangement of the advenbdiitial wveins on the
agddes and oconcevity of the arch of the aorve was
vaegarded as an attempt to protect them from the full
effect of the systolic contraciion and allow continuons
drpinage,

The civcumferential pattern of veilns on the
abdominal and thorocic aoria conitrasted sharply wiih
the lLonglitundinal wvenouws trunks on the ascending asoxrbtsa
(Figs. 95 20, 28).

A poorly vascularized song oxieted on the
posterior aspoecs of the thoraole aordta, lying botwveen
the unilateral, longlitudinal, arveriolar plexuses

arising from the dntewrcostal avieries and was regorded

as »a potential slte foxr Ffeilure of puture lines in
arterial prafiting {(IMgs. 35456 ) In contrast, the
richer arberial supply to thoe wall of the common iliac
arvitery and aoxrta proximal to its bifurecation, explains

the guceess of "gaddle gralftae" (Pige. 24, 26. Compare



with fig. 235-36).

While s pood anoshomosls was obgerveaed hetwani -
the srtexrial vasa of the thovaesic, lumbar aorta and
common Allac arteries, a poor annsbomosls was obgorvod
with the arterial supply to the arcoh of the sorta,. T
la suggested that these poorily vaesoulariged avrens at
the proximal aud dlstel oendsof the aortle arch pre
notential weokaesses in the aoritio architeotuve, annd
mey explain the ocouryence of aneurysm in this site
{Pigs,. 3a-c). In one specimen, aged 70 vears, srberial
vasa arose Ivom the baso of the left common carotid artexy
Ihe Coponazy, Antgrileg,

Descriptions of the mural vessels in coronary

avteriss vary. In a study of the coronary arsteyry

wall by routine histological technigues from bivih
to the eighth decade of 1life,; Gross, LEpstolin and
Kugel (1994) concluded that vaso vasormum ware nob
normally found In tho medls, From an oxamination of
10 thick froxen sections of coronary arteries,
Geiringer {L951). observed that the normal vasoulaiure
was oconfined to the adventitda, and that with
increasing age the outer twe thirds of the media might
be penetraved,

Woezrner (1959)B by dnjecting thée vessels in the
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wall of the anté%ier descending branch of the leoft
éaronary arbery with lead scetate snd potassiuvm dichromate
demonstrated the presence of capllilaries In the
adventitia and ouier third of the medla,

The majerdty of duvestligators (Paterscn, 19363
Leary, 1938; Heorn and Wlakelsbedn, 10405 Vartman, 1950
showed that the normal intlwe was avascular, aonly
acguiring a bilood supply dn Yavteriosclevosila”
{(Winternitz, 1938) ov aiter it had wveached a critical

thiclkness of Q. 35nm,. (Goirimger; 19513,

Trom an examination of the mlcwyographs it was
esoncluded that the arterial distributionr to the corouayy
arterdes origlnated £rom the cowvounary cabtla and the
terminal atrial and ventricular branches of the
corvonary avtorios themuelvou.

it was found that ihe aoyvitilc adventitial arteriocles,
which awxose from tho ooronary ositlia, divided fto disspibuis
longitudinal, coiled mrﬁeriblur olwannels, 100p din diamelor
to the adventitia of the proxiumal lems of both ooronapry
arteries and adjacent avrblic wall (Pigm. 37-38).

Fyrom the coronary advontltial ploxus arteriolns,
60801 in diameter, penebtrated the‘@ﬁep leyers of tho

adventitia, bifurcated and fommed & zecondary plezuns of
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vongels, 10-20U in dlawmeves, in the ouitex third of

the media, wlth occasional disbtyibution bto the middle
third {Pig. 39).

Lt wae evident from the microgvephs that the
artorial supply te tle remeinder of theovoronary sritories
and thelr principal branches oripginated frowm twoe typus
of axterioles.

Phe Lirat byne, ludivect In nature, was characterlsed
Iy the fact that 44t ordginated extramurally, as a
tarminal atelal or venirionlar branch of the coronsyy
aviteyiesn, approsachad {he adventdvisn, and divided t¢ be
digtzibuted as longltudingl aviexioles, S0-100u in
diameser {Plz. 40).

The second type, divect in naturs, owiginastod
inhramuraliy from n ccllateral brauch of The coronary
arbory, while the couwrse of the collateral branech was
traversing the covonary avtery wall (Plg. 4L).

TE was apparent that the indirect axteries suppiled
the outer +thisd and ocecasionally the middle Bhird of the
medin with longitudinally arranged arteriloles 20-40u in
diametor {Fig. 42), while the direct avteries wewe
distributed clreoumfeventially in tho ouvber third of

the media, as arterioles 20-30p in diemeter {(Pig. 43).



Promwm an examinstion of the micrographs ghowing the
vonous side of tho mderociticulation, it was concluvded
that there was a dense network of velusg S0-100u in
diameter, in the advenitiitlda of the aovoensry wall,
which eriginated in the middle thizxd of tho medin
(Pps. BhaliB),

It was found vhat the coronary adventlitial wenous
plexus was o tributary of the aoxrtic adventitilal velns
in the proximal lom. of both eoeronary arteries {(Pig, U6},
and a tyibutary of the atrisnl and ventriculasr veins
algsewharo (Pig. 4b);

The presens siudy has demonstyated that thewre s . an
extensive vasoular gupply ftce the covonary aviexy wall,
the general featuwes of which awve shown in bext = [ig. G.

From his examination of the human coronary arlery
wall, G@iringér {1951L) reperted that the normal )
vasculature was donfined 4o the adventitia, only
penctrating the wedia with 2 while Weernex (1959)
atated that vossels wowe normally found dn the adventitia
and outer third of the ma&ia,

Jn this soervdes, in additlon 40 confirming that the
intima and Lluner thirzd of the medida was avaseular ab

all ages in the novmal voessel wall, it has been shown



Luplanation of Text«Pizs. 6,

The arterisl supply of the coronaxy artery wall.

Niggram A.  Note collatexal braneh of coronaxy aviery,
(a), giving avterial vas 4o parvent coeronary avienry (b)‘
Diagram Be Nobte ordgin of avterial vas from celiateral
branch as it passes Pyrom the jumen (L) through the main

veasel wall (V).
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that the arterial and venous sideg of the micxoelrenlation
can be differentinted din the wadventliis and outer media,
in vesselo with o diameter greater than 20U.

The eéiling of the arterdoles in the sadventitis of
the proxdnal Ilog. of the coronayy arbtery, was intevprobed
a8 o defence mechanism agoinegd excessive streteh during
systolo. No nuastomosss bebwoon Hho corxonany and
anritlc adventitiad avrterioles woare obaerved,

Pambioular attention was paid %o the olreuwmferential
and longlitudinal arvangewent of the oatorioles in the
roemainder of the covonaxy avtery wall and principal
bhranches,

The absenco of the cigeular sat of arderioles fron
tho proximal Jom. of the aéronary arteries indicates a
spocific functlon,

Duving systole, 1t is suggested that the olrcum-
ferential anrvangowment of the arterioles in the outex
third of the media allows o minlmel alteratilon in their
dwminal diameter, wvesulding An continuvonts maral blood
flowe It contyrast, tlho syatolic offeot on the
longitudinal arvterioles would repuld in an lntermltitoent
supply of blood Lo the coronary aveory wall.

ﬁxaminaﬁion o the vasculary patiterns in the medig

showed thnt arteriocles with & dlamevor gireatber than 20y
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could be identifled in the outer third of the media,
and that vessels could be demonstraté& in the middle
third of the_;uediaB éOmaﬂJ in dliameter, only after
the venous side of the microcirculétion had Deen
injoected,

Xt was concluded, therefore, that the cepillarye
vennle bed nofmally occurred iun the middle third of
the media (Fig. 45%).

With age there waé evid@noe‘that the -middle third
of the media was penetrated by the artericlar plexus

and that the arteriocles were occeasionally more tightly

colled in specimens over Lifty vears of age (Figs.47-48),

The Pulmonary Lruulk and Arterigs.

Little work could be found in the literature on the
vage vasoruus of the pulmonary trunk and arteries in man.
Ztwidies on the mural vesgels often referved to the
"pulmonary artery'" without speciiyving the exact area
being describeds Yor this reason the main papers
examining the blood vessels in tThe pulmonary wall wilil
be reviewed in the authors' context.

Hobaertgon (1929), during an injection study of the
vasa vasorwan with coloured cellulose in the ascending
aortae of dogs and lambs, noted branches of the

adventitial vegssels being distributed over the "pulmonary




et

avtery® from the aorilc—pulmonery groove.

By dnjecting the wural vessels in the human
Poulmonary prihery® wilth Uigglus Buogrozssing Tnlo,
Winternitz, Phomas and LeComphe (1938) concluded that
the degrae of vascularity lay between systomic arbderies
and veins, but did pnot dllustreebe thedr observations,

In thedr monogzraphs on the Jung, Millew (1950)
and wvon ﬁayﬁmﬁ{lQSG), stated without fuviher aumplificatior
that the vaaé voasorum o the pulsmonary avitery and ilts
branches areose fyrom the bronohial arterides.

studies on hwnan cadaveric and auntopsy "pulmopae
avterdes®, veding routine higtologieonl and injection
sechniques, led Tobin (1960} to conelude that the mupral

vessels were confined to the oudbey third of the medis
and that the wasgs on the puimonary vaeins Forvmed a wichep
plexus than on the avterial wall,

Sobin, Frasher and Tremewx (1962), by injecting
rabbits in vive withh silicone rubboer, examined the vana
in the "pulmonary aritery and its branches®y showed the
spiral noture of the adveniitial arteriolss, aud
domone btruted voenous vass, parallel to the arterioles,
as tributaries of the cardise voina.

Anastomoges beidtween the coronnny and bronchial

arteyries, Through the vasa af the pulwmonary terunl have



been postulatied by Haller (1757} Cruvoiihier {1842}, and

Groas (1921}, but dllustroeblons are no¥ shown.

{a) The Pulmonary L.

Prom an exmuination of the nicrographe Lt wag
roneluded thet the avterial supply fo the walls of the
pulmonary trunk, bitfurcatlion amd proxmimel Lom. of tné
puinonary ariberiesy origiunated Lfrom the coronary ostla
and the ferminal ventyricular braunches of vhie right
COOIATY DXNLCLY .

It was found that the coeronayy ositila &istributed
arterioles, 100p in diamuceter,; Cto tha aocriic-pulmonsry
rrooves: bthe ripht anteriorlivs bhie Ledt postberiovliy
(FFig. 49). Branches fwvom the ariterioles in the aortice
pulménary groove formaed ﬁwﬁ patterns in the adventitia
of the pulmonary btrunl.

The flrst patbieri, c&nsiﬁﬁiﬁg 0f leuglitudinal,
coiled artevioles, O60-004 in diawcebex, lay along the
convex horder of the pulmonary jrunk, and ftevrminalied
onn Lthe dowvsal sspeet of the bifurcatlion dun an ivrogular
network of vessels {(Flge 50},

The seccond pabtorn was conposed of short, coiled
artericles, 60-80p in diameben, forﬁing asyvmesrleal

networks and appeoared on the anbevior and posterior
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wall of the puimonnry tiunk, terminasting at the pulmonery

bifuroation {(Mgs, 51m§?}¢.

ia was aevident fyrom bthe mlovographs thint the
avterdoliar plexus on the pulmonaryy bilfurecation
distributed paralliel; collied axterioies, 40=-50p in

diometer, Lo the prowximal lom. of the pulmonaypy
avteries {(Flg. 53).

Feom the a&vautiﬁiai artoerial plexus an the
pullmonary trunk, bifuvestion and proximal lom. of the
pulmonary avierles, sinvons avterdoeless poneitrated the
deep lavers of the adventitia, to form a sscondary
network of vesaols, 10-20p in diswmedayry, in the outenr
third of the modia {(Fig, 54}, ,

Torminal ventricular branches o thoe rlght
coranary  artery were distributed 4o the Lase of Ltho
pulmonary tiunk snd the sttachment of the pulmonary
valwa, “hese artevioles showed coliing, were 50p in

diameter at theilr origlin, aad fommed an lirresgulax

c?u-

netwerk in the adventitls before ponetyating ithe oubter
thivd of the media (Fips, 55«56,

*

Examinatdion of the micrographs demonsitrating fthe
veasuy vasa of the pulmonsxry trunky bifureation and
proximegl Lo, of the pulmonary arteriea, ahowed wvelns,

25308 in diamster, originating in the mlddle third sof
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the media, traversing the pulmonary wall, and dradnidng
into Longliudinally arranged adventitial vasscls,
1L001080p in dlametber, witich were bributarvies of the
venbtricular coronary veins {.ﬁ‘i{gﬁ. 5’?6’58).

Anastomeses between the advenititial veins of the
aorba and pulmonary trunk were chsoerved acgoss the
aortioepiimonnry groove (FMig. 59).

() The Pulmonary Artevies.

From an ezamlnaetion of fthe micrographs 11 was
concluded that bthe ariteridal distribution Hto the
pulmonary arvterides origiunated from the termlnal branches
of the brouvchial arteries.

U wan found thet the adventliial avieriolar
plexus was Formed by artevries, LU00-120u in dlamebex,
which approached the wall of thes palmonary arviexry
obliquely, to divide aml distydbute longlbudinal,
codled aviteriovlies, 00--80p 1In diameter,; to the outex
layers of the adventliis (Pigs. GO~061),

The arterial vasa in the adventlitia. of Lobax
and segmental branches of the pulwmonary avbtery showvod
a charactevistle einuvosity, which diminlshed and
and finally‘diﬁaypear@d, leaving pavallesl, sbtraight,
adventitial arteriolesn, 40-50p in diamoter in the
walls of branches less bthan lom. in diameter (flgs, 62«63},

It was clear from the wmiocrographs that, while
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artoerioles, 40-50u in dlameter, penetrated the deep
layers of the adventitia, to bBlfureate and form a
secondary plexus of vessels 10-20p din diemcter, in the
outer thixd of the media in the exizrahilar parit of the
pulmenasry arviterics, the arterial network was conflined to

the advoentitia in the remaindsyr of the pulmonaxy

iy

arteriasl tres (Pigs, 6l~65), -

The vencus vasa, arising in the deep adventltisl
laoyers of the intrablilar branches of the pulmonary
artery, &8s wvessels 25--30un in diametewry and at the
Junetlon of the outef axed middla thivds of the media
aloewhere, traversed the pulmonairy wall to foxm a dense

nebtwork of adventitial wveing, 00«100u in dlameber, and

become tributaries of the bronchiasl veins (Figs. 66-69),

This study has shown the extensive network of mural
vassels in the pulmonasyxy tyuanlk, arterdes and their branches
the peneral features of which are shown dn ftext-£ige T«

Dxaminetion of the wvascular patterns in bthe
advoentitia antd media showed that the axyderigl aud venocus
sides of the microcirculation ecould be diﬁferanﬁiated in
vegsols with a diamedter greater than 204,

In comparison to the umneﬁding acrta, 1t was
found that the distribution of pulmonayy adventitial
arterioles was wichesr (Figsa 2.3 50 |

The coiling and sinuosity of the adventibtial
arterioles in the pulmonary ftrunk, arteries and thein

segmental branches, was interpreted as & defence



Laplanation of Toextelioc, 7.

Diagram of the arterial supply bto the pﬁlmonaxyltrunk
{P.T. }y puilmonary bifurcatlion {P.B, )}, and right and left
pulmonary avriteries (R.P,d,1L.P.4.), showing the
longiitudinal exterdal vasa (1) onm ithe mavgins of the
pulmonnry $runk, and the mosales {m) on the anterior
surlaca. Note bthe terminmation of the avterial vasa
{+) on the pulmonary bifurcatlon and proxzimal parts of

the pulmonary arteries.




TEXT - FIG. 7.
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mechanism against vasal sirebch during systolo.

Particuilax attention was pald o the two distingth
urtafiai prtterns dn dthe adventitia of the pulmonary
tairunik. It is suggested that the longiitudinal,
tightly coiled arterioles, lound on the convex side of
thwe pulmonaxy tirunl, arye belng sxposced to the maximal
stroteh of the unsupported pulnonary wall, while the
mosaice arteriolay pattern om the anberior and posterior
wally of the pulmoncyy trmunk s sn adaptation to
maintaln circulation undoxr loss sovere conditions of
vasal streitch.

From studios on the Llood supply Lo the heaxrid,
Gross {1921) concluded thsat an anaslomoses exdsbed
between the coronavy and bronchial avceries through
the vasp of the pulmonary Lrunlk. The tecminal
distrlibubtion of Hthe aviberdal vasa to the pulmonary
Prrunls has been sihwwn o occur Lome Labtexral %o the
pulmonary bifuccatlon, In +this series it won
confirmed vlint a rlel anasstomoses exdsbed bLebweon the
cororary and bronchiol artevies through the vasa on
thwe proximal lem. of the puluwonary axtery:(Fig. 70 ).

Since recognlsable artevioles, 20u in diameier,

counld be ddentified in the outer tthitrd of the medis in



the pulmonary tonidls, prlmonary arderies, and
superficially in the adventitia of arieries within

the lung, and since vosasele, 23«30p in dlianeber, could
e de%ﬂnatyaﬁed in the middle third of the media in the
pulmoaary trunk and at the junu%iomlﬂf the evter and
mlddie thirxrd of the modia and deep adveniitinl layeis
in coryesponding parts of the pmlmaﬁaryftr@ag afton
injection of the voenoug side of the microcirenlation,
it was coneludoed that the caplilervevenule bed in the
pulmopery trunk occourred ipn the wmlddle third of the
moediat in the oubter third of the media of the
pulmonaxy artery; and in the deep lavers of the
adventitia in dbe dnbra-~hilar branches {Pigse 58,64,
657,

With ape, while theweo was no evidence of increased
vasenlayity in any part of the axtorial tresc op
addisional anagbomoses with the ascending sowile vasa
thwough the sarboricles in ithe Q@rtiempulmaﬂary SO0V,
all dncreasad colling and toxduesldbty of the adventiitial
crbterioles was poted on the pulmonazy bruak and pooximal
port of the pulmonaxy anbery {(Flge 70).

Autempts Lo demonstrate where the ayiterial wall
was complotely dependeont upon Lumingl bBlood Loy

nuitrinent showsd that vaso voesorum could net bhoe



56

domonsg trated In artericos with a diamcter loss Than
dmma 3 the longitadinsl avieriolar plexus becoming
progresalvely poorer up to thiis polat (Figa 637}

T bhis sbtudy 46 was confirvmed thatbt the intdma

was avasoularn.,

Ahg Aviexdos of Joot of Neglk
Lowenbery aud Scbhumacker (19h8), by stainding red

cells with Densidene, domonstrabed the diffoerences in

vasceular patteorns bevween arvborial and venous vasa in

ranine caxrolid aorxita vwd coronary vessels, and coencludaed

that this method would e aulitablce for investigation of
the vole of the vasn in arteirlel ropals and wvoenous

transplantation.

It was evident from the wmilorographs that the
proximal arterial supply to the root of neck arvtaoarices
originated Lfrowm the arterdoclar plexus on the sunmiit ol
the aortic awvech, aund anostomosed distally, in the cuase
of the biachio~coephalic Trunk amnd left subclavian, wibth
arberial vasa ayising Trom the fthyrocervical trunls and
internal wmaxunsary arboevies (Figsc 71«72).

Parailael, longitudinally arranged, coiled

adventitial avbtericles, #$0-3100p in diameter, survouwied



the braohio-cophalile tyunl;, Ledt common carotid and
subelavian z_n,:‘:"fsari.wslg bhranchoes pexnelrabting the oatap
third of the mediaz to form o secondary plexus of
vessels 10«20p dn diametar (¥ipges 75, ?3}‘

From on oxsmination of the micrographs 1t was
cloar that the veunous vass ovigluated in the middle
third of the wmedda, traverseid the walls of the rxoot of
nonlk arvteries, o dirain into longltudinolly arvanged
veilng, 30-1000 in dienster, ﬁhiah were tributarices of

the sortic arch wvenous plexus {(Pigs. 74-73).

The present sbudy has shown that there is an
axtensive vasceular gupply to the wroot of neck arteries,
the general feabures of whiolh are shown dn text-Ffig. 4.

¥hile ftho arbteriolar plexug on the brachlo-
cophalic trwk had the richest and most markedly colled
diatributiocn oi the three root of nechk avteriss, the
arterdal supply to the Left subelavien was poorcai.

The colling of the adventiftial artexriolcas wes regarded
as a defence mechanisn agaiust the stretehing effoct of
synbola@.

Thae avterial supply to the bifurcation of ths
brachlowcephialic trunk from the thyrocerwvical {tzrunlk

and intornal manmary srbery off the right subclavian



anastomased freely with the proximal arteriolar
channels frowm the aortic sumwit {(IFig. 72).

A similar anastomuses occurred on the left
subclavian afﬁary at the level of ﬁhe thoracic inlet.

The longitudinal venous plexus, richest on the
brachio~-cephalic trunk and poorest on the loft
subeclavian, was sindllar in distribution to the
adventitial ve;i_ns’in the ascending acria.

Sinée recognisable arterioles, 205 dn diameter
could be reccognised in the guteyr third of the media,

and vessels 25«30y could bhe demonstfated in the middle

third of the media, only aiter the injection of thg
venous sidoe éf the microcirculation, it was concluded
that the capillary-venule hed occurred in the middle
third of the maedia (Fig. 74),

A sdmilar distribution of wvasa vasorum can be
depmons trated in the common iliac arteries, revealing
a greater portion of avascular artérial wall than in ihe
parent aorta, where the.capillarywvenule bed has beooen

shown to lie in the inner third of the media.

The Vextebral and Inteynal Carvotid Artgrles
No references ecould be found in the literature on

the patterns and distribuition of the vasa vasorum in
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hruaman vertebral ond iontoernal carotid arieries,
Tt was Found thopt the sxiraoranial zrteripl
supply o ithe wverbtohrul aritsey oyxiginated from spinal

. artveries in the foramina bransversaria, while the

”n .

Junternal carctlid veceivoed an axberiolar ploxus Lfvom

the terminal branohes ol thoe ascending pharyugeal,

A
: ogelpital and peasterior auvricular ariteries,
Lbngitud‘t 2Ly arvanged advensitial aviterioles,
occasionally coliled and 50-80p in diameter, surrounded
Poth ariterdes Lo penetirate the outer thimrd of the
smedia in the prozilmgl ihird of their exbracranianl
‘ acouvrsaa only (s, 7680},
Exrminﬂtianigf the micrographs showed that the
intracranial axterdial supply o both artories woae
Formed by an extoensien i the oxbtracraonial sdventitial
plexug into thoe slkuall, fo swastomose with artericles
from the posterior dnferior cerebellar and inferiocr
hypophyseal avieriss rospoeoetively (Eigma 3182},
The dutracranial adventitial plexuns of vessels,
30=-60p in dismeter, were longltudinally avranged,
3 uncolled ond enbirely confined to the adventitin
E (Figs. B1-84),

IH wae ovidant from the mlerograplhs that the venous
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vagsa comnencaed st the base of skull; as s longliudinally
arranged plexus of vessels, 50100 in diamotbtexr, which
became richer and drainod the outer third of the wmedia
on bthe wall of the proximsl poption of {$he wverbebial

and daternal cavotid aviterics {(Pigs. 85-90),

The aim of this siudy was Lo compare bheo lndianunral
vessels on the intyve and oexibracranilal parts of Lhw
vortebral and internal carotid ariovies.

The sdventitial arterloles on the wall of the
vroximal pert of both avterics showed occasional
caolling, and this was interpreted as & defence mechanisu
agalnst the sltreteh effoct of systolad Intracraninlly,
in contrast, there was no coiling, end although an
anastomoses exdated with the sxitvacrenlal plexus, the
distribubtlion of the arterileles was less deuse.

While the adventitial arterloles on the intracraniasl
part of the wvertebral aviery could be traged omnio the
basilay artery, the arviovial supply ceansed ou ithe
internal corotid artery at the oxigln of the antevriorn
and middle cerebral artervies (#ige 91).

L4 wounld appear thet the intra and extracvanial
venous vasa drailn separately. Injeotion of the vertebral

and dutevrnal jugular velos showsd vessels starting a3
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the base of ghm sleull. Attompts bo demonstbtyate the
intracranial veins on the arterial wall fadlod on
account of a woll defined drainage routo.

As idndicated by the x~ray microgcopo th;ra is no
speclalised arrvangement of the vasa at the caroiid
sinus.

Sineceo reocognisable aritevioles, 20U in dliamoter
conld be demongirated Ia the outer third of the medla
in the proxiﬁal part of the vertebral and interaal

carotid arterdies, and sincoe venous vaso, with a
diamator gireater than 204, could Be soen in theoe
layewrs also, it was concluded that tﬁn capillery-venule
bed Lay in the ouber th%rd-of the medds in the proximal
partﬂ_pf'ﬁha arterlies, and in the deep lovors of the
adventitia alaowha;e (Figs. 78, 80, 83, 8&).

-~ Age changes wevoaled ain Ancyxeased vascularlibty of
the vertebral artery only, and an increased tovtuocsd by
of tho avierioles on both arteries in older specimoens
(Figo. 92-93),

The Bagilar and Cerebral Artevieg
With the oxcephion of Gimbext (1865), who concludad

that the distiibution of the vasa vasoium o the baslliar
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artery was less denrse than vo the walls of othex
avterlos, thore have been noe slgnlficant observaetions
upon the digtribution of mural vesesels In the basilar

Artery.

It was found that the axvteridal supply to the
basllar ,ﬁtery was tndirect in nature, being charvecterised
by thé origin of arviterdoles, 60-30u in dliameter Lrom

terminal branches of the basllaxy aviery, which looped
back to the parent vesgsel, 10 be distribubted in the
sdventitia (Pig. 94),

Forming a spavse adventitlal plexus, longitudinelly
arpranged, the arderiocles showed no evidence of volling
or peneirating the inner layers of ithe wall (Fig. 95).

Prom an exomination of the mioerographs 1t was
cglear that there woere no vassa vasorum in the walls of
the ceraebral artorias.

Obaeprvations on the internal caroitid avxiory,
proximal teo the origin of the anterilor and middle
cenabral arberies, revesled a small number of arteriocles,
How=60u in diaﬁeter, in the adventitia alone., (Fig. 91).

The arterial walls of the olrecle of Willis were
ahown %0 be avasculay, except in four casesn, whore

terminal branches Lrom the advenititisl arterioles on



the basilasy avtery could be followed onto the
adventitial layer of the posterlor comupunicating
artery {fMdg. 90).

lontine nistologidcal cxaminotlion of the walls of
the basilaoy ond cerebral arberdes shows that the moedia
is poorly develaped, the adventiliie helng the principal
Layer (Bloom and Pawcett, 1962).

Diatal Lo thie union of the vaertebral arterlieos, the
arteriolar plexus on the basilay artery progreassively
dimintebos, ond disappears on the posterior cosmundioating
arhery. Lt was concluded, thoreforas, that the source
of mamtriment was princlipally luminal, ond completoely
g0 Ln the cerebral arterios, whore no wasa could bhe
demonstzated.

Tho Lack of a well defined rouisz for the vensus
dyainage of the basilar artery., preveunied a complotoed
picbure of +the miovocireulation hkedng demonstratod.

In one specimen the internal Jupuliar velin was injected
with the bradin in situ, and o smell plexus of vessels
was found on the basilar avrtery, but the dechnicgue hnd
t0o be mbandoned on account of subosuitancons sbtalining of
the face by the Injoecetion medliim.

Pranlnation of the ago changes in the distribubion

of the ayterial vasa to the basilay avtery., roevealed



an inorease in vasdulasrlity of the adventitla, and
siight tortuosiity of the avitericles in oune spocimen,.
agaed 70 venrs {Pdzs 97) Thare was no evidonce of

@

vascularifatlon of tho medles in older gpecimens.

Uppex and Lowex Ldmb_Artgries

Doseriptions of the distribubtion of the wvasa
vasorum in limb ardtordes in man vary. The mailn papers
,deacribin@ the muaral vessels ave found in nineteenth
cantury 1iteratﬁr@, regent wvorks being few in numbeoxn.

Fpom an examinadtion of upper and lower ILimb
arterica obitalned surgleally and at necropsy, Gimbert
{1865) concluded that the vasa vasorum of a Limb
artory arose fyom dite eollatereal branches ox nolghbourdng
prterdieos, %o'penetra%m the wall and be disbributed to
the advonitdtia and occvasionrally the medla. This wview

%
wag supported by Letlerce (1829). Scohunlman (1892), and
Sawell {1913}, upon microscople prepavatiomns of normal
arveries.

Injectlon gtudies upon man common dliae and
fomoral srteylos, using’an agueous solvtion of Berlin
blue, lod Plotnikow {(1884) to state that the vasa
vagorum of Llimb arteriecs were confined to the adventitia,

only pencbtrating the media 4Ff intidwal thickening

>

*As cited by Ramsey {1936).



oeourrad, This belief was shaved by Mokitansky

{(185%), Soboroff (1872), Avgeud (1903), and Lange (1924),
using routine hilsgtologlcal techunligues to astudy normal
and diseased arteries,

With vital staining techalques, Retroff (1923}
showad that +the intima and ilnner thixd of the medlis of
arteries derived nutriment fromwm the luumen of vessals,
the remalnder of the wall bkelng supplled by the vasa
VB 0N o This opilinion wes supporbed by Antisohkow
(1929, who demonsivated the postmortom abscrpticﬁ o
bile pigment Ly the intlmas in vive absorpition of
bile pigmaent in jaundiced patients, and the mbsorptlion
of eholesterol by rabbkldis under experimental conditions.

The views of these authors have been reviewed against
the hackground of their contemporsry opinion in the

historlical s8eCctlion.

(a) Uppoer Linb Arterios.

From an oxamination of the micrographs it was
concluded that the arterial supply of the subclavian,
axillory, brachlal, radlial and vlaar ariepries was
inddrect in nature, the adventitial artepriolesa nwiszing
oxtramurally from the terminal arborisatlions of collateral
branches of thoe parent avtoery.

It was found that arteries, 1L20«150p in diameber,
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approachod the adventitia obliguely, to divide anpd
distribute longitudinal colled arterioles, BO0=100p
in dlameter, 4o the wall of the subelavien, axillary
and brschial arteries (Migs. 98-100),

The ardterial vasa 1u the adventlilae of tho
radial and wlnay arteridces showed & charsctevistic
sinuesliity, which diminished and flnally disappearad,

leaving paralleld, sitralght asritericles in tho
adventitio, 30-500 in diameter (Flgs. L0L-102).

Lt was cleaxy from the mlcewographs $that, while
arterioles H0«50p in diameier, penetrabed the deep
layevs of the adventitia, to bifuroate and form a
geoondary plexus of vessela, L0-20u in diameter, in
the outer Hthird of the media of the subelavian snd
axdllilayy arterles, the avterial network was confiluned
Lo the adveniitia in the remalnder of the 1limb arteries
{(Figs. 103-104),

The venous vasa, avriasing in the deep lavers of
tha.advgntiﬁia in the radislynlnsr and brachial
artoriosg, an vessels 25«30n dn diamcten and at the
Junetion of the outer and middle third of thoe media
in the subelavian amdl axilloary asrteries, tiraversed the
arterdal wall %o foxm a denso network of adventitial

veins, 60-100p in dlametor, and become itributaries
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of adjacent muscular and accompanying velns (Fig&.
1L05=108 ).

(b) Lower Limb Artewded,

Prom an oxamiiation of., the miorogrephs 1t was
concluded that the ayterdal supply to the femoxal,
poplliteal and tibial arteriocs was Aiundirect in nature,
the adventitial aviterioles aviging exiramurally from
the temminal arborisations of cellatoerasl bBranches of
the parent artery.

L6 was found that arteries, 100-L204 in diameter,
approached the adventdtia oblliquely to divide and ddge
trdbute longibudinal coiled artexioles, BO~300u in
diametery, to tho wall of the femoral and popliteal
artevies {(Piges. 312-113).

The arterial vesa in thoe adventitia of the ariteria
profunda, medlial and laveral olroumflesx Lfemoral and
tibial ayteries showed a chavasterisitlic sinuesdiiy,
which diminished and finally disappeared, leaving
payéllelp straight adventitilial axteriocles, 30-50u in
diameter {(Pigs. 11k117},

Lt was olosy from the milcorographs that, while
artarioles, 40-30p in diameter, povetrated the deep
layera of the adventitin, to blfurcste and foxrm &

secondary plexus of vessels, L0-20p in diametor, in
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the cuter third of the medla of the fomoral avieryy

the arterdial network was confined to the adventitia

in the remainder of the Lllmb sriteries and thedr principal
branches {(Figs. L18«119),

The wvenous vasa, arising in the deep layers of
the sdventitie in the arterla profunda, medilal and
lateral cincumfliex fomowxal and tibial arbterics, as
veagsaels 25-30p in dlianetery, and at {the Junciion of the
onter amd middle third of Hthe modla in the famoeval
artery, traversed the ariterial wall to form a dense
advontitial network of velns, 60-100u in dlametexr,
and beecome tyributaries of adjacont musculair and

accompanying veins (Plgs. 120=-124),

The adm of this study was 10 demonstrate the
mural vessels in the princilpal arteries of ithe
upper and lowery Limbs,
Bxamination of the vaseular patterus in tho
adventitia and medla showed that the aviterial sasnd
voenous sldoes of the wmilcyrociroulabtlon vould be differenitlase
o vessels with o diameter greatey bthan 20u.
in the principal axtecvica of thoe uppor and
Lower limbs, the longitudinal, odventitial arderioloes
in the arterial wall asnastomosed proximally and distally,

50 that a profuse plexus of vessels was formed around



69

the length of the avterial tree (IMgs. 109, 125).

The choaracteristic colling of the adventitial
arterdoles was interproebted as a defence mo dlhiandsa
against vasal stretoh durning svatole.

Attempts to demonstyabe where ths arterial tireo
wag completely dependent ypon luminal bleod fox matyiment
showed that the vasa vasorui could not be obasexved
in ertexles with s diameter less bhan Zime., the
longlbudined avterdoelar pleoxus boecoming progressively
poorer up to bhis point (Fige. 110, 126).

Particular attentvion was pald to the capllliarye
venule bed, It was gvident from tho micrographs
that vemssels 285«30p in diasmeter, lay at dhe Junction
of the outer and middle thirds of the medls in tho
subclavian, axillayxy, and femoral ariteries; and in
the deep layers of the adventitia in the remalnder of
the arterdal treo. Thaoge wvessels were only fouml
afber the venous silde of the microcivoulation had bLeexn
injected. SBlnee an arterdelay pleoxus gould he
cdemonstrated in she outer third of the media in the
subclavian, azxillary and femowral arteries, and in the
adventitia of the remainder of the digtal principal
Limb arterdes, it was concluded that the capillarye

vennle bed lay at the Junction of the outerxr and middle
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thiyvd of the medin ln {he subelavian, awillayy, and
femoral arteries, and in the deep layers of the advenititia
slsevhere (Pige. 107, 108, 123, 12k},

With age, locreased colling and vaseulaprity woe
obsexved In the arterial well over Fexby, eapcolally
in the proxzinmal avteries of the 1imb, but thore was no
evidence of furthor mural poenedtraiion {Pigs. 111, 127).

T all speclissns sxzamined, 1% was confixmed thab

the Lntima was avascular.

GROUE LL.

FHE Vasa VASURUM OF ARTORIILG BLTWIN

BAREH AND 5 YILARS O AGEH

L$%tle_work mould\be found in the litevature on

the vasa vasorum oif avtewies dn the gavly vears of
lite,

L0 a compavative review of the aovitie blood
sapply in dogs, chickens, rabbits and man, Sohliohitex
(1948) concluded that the gveatest vasoularity wos in
infanlt aoriae.

The aim of this sbudy was to establish alterations
in the vascular patbterns in the arterdal wall during
thoe neopatal peyicd {fivst month of life), and ab

voearly intervals thereaftor.
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Ihg doxzta

From an examinatlion of the miciographs it was
concluded that the arterdel supbdly to the neonatal
and infant goyvitae originated simllaxly Ho the aduly,
but varded in digitylibubtion.

(o) The Ascending Aoréa.

In the neonatal aoritoe, Lt was Lfound $hat an
lrroegulay network of aviterioles, B0-060p in diemetexr,
donsest around ithe base of the sortay was fovrmed in

the adventiitia {(Filg. 128).

In the infant aoviae, the lrregular adventitial
notwork was loss &@nﬂm at the eud of the flvrst vear,
being repleced by longivudinal, sinuwous arteriolen,

600 An diameter, in the second vear [(Pig. 129},

Lt was clear fyowm the miorographs that by the
fAE8EN voar bthe longitudinal axterdiclar pattorn had
increased in density, the vesselas showing slilieht coiling
and terminating proximal to the aovtic arch (Pig. 130).

From the sdventitial arteriolar plexus, the
arterial vasa penetrated the outer bthird of the media
0o Foym a secondary neotwork of veﬂaéla. 10=20u in
Aiameter, in the fourth year (Pig. 1L31).

Bxamination of the miorographs showed that the

venous vasa formed an irregular plexus, densest in



noonatal nortéae, consigting of vessels 50«-70p in
diomaeter, which was confinoed o the adventitla untilil
the fourth vaearyy vhon 4t dealned thoe outer third of
the meodia (Plgs. 132134},

(b) Aveh of the Aoxia

in the neonatal avrtao, it was Tound that an
ivregular network of arteriolos 40-3%0p in diametor,
densast on the summit of the aorte, exieted in the
adventitia (Fig. 135).

¥n the infant aocrbdae, the irzvegular advensitial
natwork wayg less densoe ah the end of the first vear,

being veplacged by slinuous axtoeriocles va the sumwadt of
the aerta, but remaining ploxiform elsewhere (Rig. 136}.

Lt was apparent from dthe milcrvegraphe thas by vhe
fL06h yoax The slunvosity of the arterioles on the
sunmait of the movilie arch had dnecreased, while g
longitudinally avvanged patiern of arbterioles had
roplaced the drregular plexus on the sides and concavity
of the axeh {Figs. 137«138).

From the adventitial arteriolax plexus, bthe
artordal vasa penebtrated the outer third of the media
to form a secondary neswoerk of vessela, 10«20 in
diameter, in the fourth year (Pig. 139).

Faaminacion of the micrographs showed shat the
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venous vago Formed an Arvegular plexus, densest in
neonatal aovtae, which was confined %0 the adventitia
until the fourth yvesy, whaen it dyvalned the ountvey third
of the medlia, to Fforim a nsiwork of vesselsy 5Q«YOu in
dianoter (Flgs, 1h0-142).

{¢) Doscending Acprias

in the neonatal aortae ib was found ithat o spiliad
network of awvterioles, L0O~60p in dilemetor, eneireled
the descending thoracic and abdominal aords (Pige 143}

in the iufant soriae, the spirel netyori was
veplaced by an idrregulax plexus ol avtewrdoles, 50«70
in diamotery situaited preodominantly on the lateral
anpects ol the aorids in the gecond yvear,; and by the
fourth year the longlbudinal arvengement of artorioles,

seen in adult acrtee; was forming, leaviing a narrow
avaseular aves on the dorsal aspect of the descending
porta (Filgs. Li4-145},

From the adventiilal arberiodar plexus, the
avterdal vasa penelrated the ouwieyr third of the modla
te form o secondary network ol vessels, 1L0-20p in
diameter, in the fourth vear (Figs 146)

Examination of the micrographs showed that the
venous vass formed an drregulay plexus, densest in

neonatal avviae, which wae confined te the adventitia
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unbll the PLourdth yeawr, when it drained the outor thilrd
of the media to form a network of voelns, 80100y in
diemeter (Fige. L47-149),

{d) Commeon Iiiaec Avbory.

£ the neonntal avveries it was found that an
drrogular network of arterioles, B0-G60u in diameber,
was formoed in the adventitia (fig. 150).

In the infant arteries, the lrregular adventliial
network was less dense at the ond of the first yeaw,
belng roplaced by lengitudinal, sinuousg ariterioles
in the fourth vear (Pigs. L51-152}).

Prom the advontitial arteriolar plexus, avtorial
vasa penetrabted the superficial lavers of the outeyx
third of the wmedls in the fourth year, to Ffoxm a
secondary network of vessels, 10-20p in diameter (Pie,

Bxaminatlion of the micrographs showed that the
VEAOUE Vvass formed an lreegulay plexus, densest in
neonatal nertae, wiiich was confined to the adventitia
untll the fourth year, when 1t drained the suporfidial
Layers of bthe outerxr third of the media to form a

network of velns, 60-80p in diametlex (rigs. lﬁhwlﬁé).

It was cleoarxr Lrom the micrograpbs that the

vasculay patteorns displayed by thae mural vessels in

153)
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the aoxbte altered consideprasbly in the Tirse Tive yeors
of 1ife, aond that these changes ocouryed at tho some
time An dilfexent parts of the aocxtiod

The flyst yeaw of life was ohavraoterised Ly an
Lrregular nebtworl of arterlal vasa on the ascoending
aerta and aroh, with o wall defined splral avrvangemsnt
of vessels on the descendling aorie, both patitorns bheing
reduced in vascular densidty towards the end of the yomir.
Thils avrangemens of veassols was similar to thoe petiern
seen in the aocritic wall in the later wonths of intraniterine
1ife {vide infwa). The reductlion in vascularity was
interpireted as the flred stage in the altoeraontlon of the
vasal architeciture Lo tlhe adult foxia.

The secomd yoay was charasierised by bthe appearance
of longitudinally avyranged, sinuvous arviterioles on the
sepending aocrta and the summit of the sortle awvch,
ineliuding a seplacement of tho spivreld network on the
desoending aorta by an irregular plexus of arteriocles,
gituated princlpally on the laboral aspoct of the aoria.
These ochanges were {found te oceouxy comstantly in spocimens
betwoon the egeg of 1R-18 months, and were regarded as
the templates Loy the formation of aduli patierns,

Betweenn the emd of %he scoond aond fourih vyeavs,

the appearance of the avrterxrial vasa In the sdventitia




vopemblod the adult pleture more closely on aovount

of the increased sinuosity of the arterieles on the
acgendlng aorxita and bthe summit of the aortde arch,

The lateral longiitudinal plexus of arterial vasa was
cloawly demonstrable by the end of the Lfourih year on
the descending aorta, with a deifinlte ares of diminished
vagscularity on the dorsal aspooct.

Poepnevsration of the superficial lavers of the
media by small arierioles oecurred in the fourih year,
and this was inverpwreted ps a mutritional necessiiy
accompanying the Anerease in sire and thiocknegs of the
noriic wall ab this time (Dloom and Pawcett, 1902},

In the Lifeth year 1t was olear Lrom the midcyographs
that colling of the arseriald vass was ccouriping on the
ascending aortita. This wvas regerded as o defencoe
mechanism against vasal ﬂ#fetchg sccompanyving the
incerease in gysbolic pressure, which occours at bhuie HTime.

The seguence of changes in the arterial patbora of
the conmon iLllac avtery closely wveseombled the aoria,
an drregulay nedwoprk of vesssls hedng reploced by
longlitudinally arrveanged avitericlesy which beoamo sinvous
in bthe fourth year and supplied the superficlal lavers
of the media.

The venous vase of the complete aorita and common
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ildac avtery showed little sglteradion in vaseular patbtern
in tho fxst five years of lifo. The venous plonng
was dengest in neonatesy diminlshed at the emd of the
frat vear, and accompanied the penctration of the
avtonial wvasa in the fourrsh yvear by dralning thoe
superficlial lavera of the nmedla.

In contrast to the poory anastomoses scoursing
bhedtwaen bhe mural vessels at the proximasl and disdbal
onds of the pduld goviliae aveh, in the neconatal and
infant areh a good ananstomesis was obsexved and this

was maintzined o the Limit of thils age group (Filgsl35).

Eulmangry Yrunk gnd Ariezigs,

Lidttle woank gould e found Amn thoe Llteraiture on
the vasas vasoruwm of dthe pulmonary trunk and avberdos
in the eariy yvears of life. Wintoernits, Thomas and
i Compte (193& abato, without furtlher smplification

o Llluetiration, that the vasa vesorum of the"pulmonary

artery comummutleate with the wasa of the ductus aviteriosus.

Mprom an exeminatlon of the micerographs 1t was
ooneludaoed shat the avierial gupply to the neonatal
and dnfant pulmonary trunks and arteries ordginatbed

admiliariy o ths aduld, bui varied in distribubtion.
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{a) Puimonaxy Trunlk.

In the neonatal pulmonary trunk At was found thab
an drrvegulsr plesus of arterloles 40-60p in diameber,
was formed in the adventitia of the pulbenary wall,
boing dexagest around the hasoe cnd sexminating on tho
pulmonary bifurcation in o sparse network (Pig. 137).

In the infant pulmonary btrunks, ths idvregulor
arberioler plexus was Jess dense at the hase of the
vulmonary trunlk by the end of the flrsasv year, being
replecod by longiisudinal, slsuous arteriolos, 60n 4a

diameter, in the second yeawr (Figs. 158«159).

It wag clear Crom the mleregrephs that there was
an increase in the density of the longiltudinal arseriocliar
pattern by the LLLth vear, with evidenee of colling of
the arterial vasa at the base of the pulmonary trunk
(Pig. 160},

From the advenbitial sexbteriolax plezxus the
axierial vasa penetrated the suporfidiasl layvers of the
cuter fthivd of tho medils in the fouxrth vear, %o Lfomm a
secondary network of veunsels 10-20p in dismeter (Fig. 161},

Bremination of the venous vagk showed that an
irrogular plexun, denseat in neoonsatal apecimons, was
formed in the adventitia, unsll the Ffourith yoar, when
emall tribwbarles drained the outer thilrd of the media

to form longitudinelly avranged advenibitial veins,



50«70 in diameder, which were tyributariesn of the
o n e - Lo T P S il
ventricular soronary veins {(Plgs. 162-1064).
(%) Puilmonery Asrteries.
In the necnavel pulmonary arteries 1t was found

sl

thet an drregular network of avterioles, 40-50u in
diamebor, was formed in the adventlitia of the extyshilaw
parts of the pulmeonary artery, the dntrahdler parts
romaining avascular {(Pig. 163).

In the infant pulmovnary asriexrlios, longitudlinolly
arranged sinueus artericles, O60=80p in diameten,
roplaced the firvegular adventitial nedworlk on the
extrahdlicr part of the pulmonary avtesial wally and
extondod onito the preximal parts of the intyahilar
pulmonary wall, az straight arterioles 30-50u in
dismeter, in tho second vear (Plgs. 166-167).

Lt was oleax from the micvographs that by the
fLPth yoar the longistudingl arteriolayr pattern on the
extrahilar part of the pulmonary ayiterial wall had
increapced in density, and that the intrahilay part of
the pulmonanyy artery had a longilbudinally arranged
plexus of arxdterioles in the adventitia, which btemuinated
in branches 2 mme in diameber {(Plgo. 168w169},

From the adventitlal artoeriolar plexus arteorlal

vasa penetrated the superficlal layvers of the outer third
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o the media on tho piroxiwal parts of the exirabdlar
portion of she pulmonary artery in bthe Jourith yvear,
boing confined Ho the adventitia elsewhere (Mgs. L70=
173 ).

Bxamdnation of ths mlorographs shoved that the
venous vasa Lformed an lyvegular plexuvs, densest in
aconatal speclumens, whioh was conflined to the adventiltls
untll the fourith vear, when it dyalned she outer third
of the wmedia on the pyroximal pairts of tha extrahilay
pulmonary arteries, to form a netwerk of velns BO«1l00u
In dlomebor,. Vonous vags appesred on the lnbtrabhilarp
parts of the pulmonany wall in the sccond year, and

remailned adventilidal {(Mlgs. 172-197).

Tt was cleay Trom the micrographas that the
vapoulay patternsg diapiayad by tho mural vessels in the
pulmonory brunk and arvitevles altevred in the flest flve
vyoars of lifo,.

The fiysd year of Lifo was characterlised by an
irregular network of awvierisl vasa on the pulmonanry
trunkn and extrahllar part of the pulmonary aviterilea,
both pattorns being reduced in vasoular density howards
the end of the first yeam, Thias pattern wag similay

to the arrangement of wessels on the pulmonary trunk
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in the later months of intrauberine 1ife, but differaed
from the foebtal pulmonary avievies whilch were almose

C:{‘:')-w{\s: . .M:caﬁ-&}
avosoulay (vide infra). The immediazte posinaitel
dovelopment of ariterial vasa on the emitzxaldlorw pglmonary
arteries was vegairded as a mﬁtriﬂiomal ROCOSORLY
fulfilling the lnereased metabolic domands of a vesgel
wall taking the systolic forecae of tho alteired oclroulation,.
The reduction in vasculaiture towards the #nd of the filxskh
vear was interpfoted as the flrst sbtage dn the alitoration
of the vasal arclhuitecbure to the adult foim.

The second yveay was clhavacterdised Iy the appearance
of longltudinally erranged sinuous arteviolces ou tho
pulmonary trunk and cxtralbdliar pulmonary axitories, with
ol exvonslion onito TLho proximal parts of the intrahllax
pulmonary arteries. These changoes octurryoed coenstoantly
in epecimens bebtween the ages of 18«24 months, and wewe
regavded as the templates fox thoe Formation of aduli
paﬁterns;

HBetween the second amd Fifch yvears, the appearance
of the axiberial vasa on the pulmonanry avdeiries wescembled
the adult plctuxre more ¢losely, and the dntrahilar
pulinonary artevial wall iocceived an Iingrowth of vessels,
whiloh wag confined to {the advenitiltia,. The longiiudinal
artexriocles on tho pulmonary trunk rescmbled the adult

pattern, awnd showed golling In the vessels at the base,
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but thero was no eovidoace of tho formetlon of tho mogalce
patterns sacon on the anterlor and posterior surfacss In
Later 1Liic.

Ponetration of the superficial layers of the ouiter
third of +the moedia ocecurved in the fourth year in the
pulmonary trunk and the proximal pavéts of thoe pulmonary
arieries, This was sdmilar Lo tho dovelopment of an

( ClaKe | tied d
lntranvral pattern dn the ascending aocoribo, fand. was
interproted as beforo.

The papld vasocularization of thoe dipbtal part of
the extrahilsair pulmonaxry arviteries in the noenatal pexriod
contrasted sharply with ithe foetal pletuxre, Iin which a
Ffow vessels spread onto the pulnonary ariexies from +tha
pulmonayy bifurcation, This wos dnterproted as a
nutritional reguirement foxr the pulmonary asritoeyianl wall

meaving thoe adapted cliyreculotlon.

The venous wvasa cof the pulmonary btrunk and
arterlies were found to vaxy little affer the socond veaxr.
Prior to this time the dluntralillar pulmonary avterioes
woare avagscular, Dut with the dingrowth of artorlioles Ho
the adventitia an occompanying plexusg of vedns appoarasd,
The veins in the walls of the pulmonary trunk and N
arvories, were iLributorics of the vantrioular_poronary /

veing and bronechlal veins reapoctively.
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The Arteries of the oot of NWeck.

No reforenco conld e found in the ldterature
ot tho developmeoent ofF vascular patbterns dn the walls of
arteries of the oot of neck in the Lirst five years of
lifa.

Parrom an exmsination of thwe microgiraphs it was
concluded ot the artorisl sapply to tihe neounanteld and
infant root of uaeeck avieries originated slmilorly to
the nadult, bubt varied in distribution,

In tihie neonntanl artorics, an irrvegular adventitiol
network of arterioles, 30-50p in dlameter, surrounded
thoe braechdo-cepiuddiie ik, lei's comnon carotid, and
subeclavian nxrbories ( Wig. £78}).

In the infant aviteries, the irvepgular advoentitial

network wns less dense at the end of the flrst yvear,
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being replaced Aongitudingl, sinuous artericlos,
50-060p in diaueter, of the ond ol the socond yeao
(3. 179).

Tt was apoorent from thoe mierographs that by the

FALLh your the sluwtosity ol the anrtorioles had increasct

Froag the adventitial ariteriolsar plexus, the axrteriul
vasa penctrated the outer thicd of the media supcrfdicially

to form o sceondary plexus of vesselsy 10-20p An dinmeter,
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in the Fourth yeax (Fig. 181).

rmamination of the miewmgruphm showaead thal the
venons vaecan Lowvmed an irragulér p&e#ue, densest 1lu neonantal
arberies, which waos vonfined Ho the adventitlia until ithe
fourth yveoar, whoen 1 drﬁined the outex Ahlxd of the
media o form a nebwork of vméuelm,.ﬁew?Op in dinmeter,
witlehh were ﬁrihmtaviéa of the wvenous plexus on The aovilo

arch {Plge. 182-184),

Lt wvas clesay Frowm the miewvographs that the vasocular
pattorns displayed by thoe murasl voessels im the root of
necls arveories eltered in the flret five yeawvs oFf lifle.

The firet vear of lLife was characterised by an
irrvegular network of arvitexial vasa on the brachloe-
cephalic tyunt, Left comuon eavotld and subelavian
arteries, which was densost in the neonatal period,
belng reduced at the end of the £irsd vear, The
reduction dn vasoculaoeibty was interproeted as the Lfirst
gbage2 in the alteration of the wasel architectursc to the
adnlt form.

The socond yvear was characitovised by the appearance
of longitudianally erranged siliouvous arterioles, which
replaced the previous artevial network and reoseombled the

adult arrangemneini,



By the £f1£th yvery thore was evidencoe of lacreased
glunesity pd this was inberpreted aos being a pregursor to
the coldling of the adventiitial avderiolies Ln ﬁh@ aduli,

Panatration of the outer (third of the media by
arterioles ocouprraed in the Ffourth year, thus xesembling
the patitern of developument in the aoriéa; pulmousary trunk
axd éummun Aliage avrienics.

Anastonoses betwaoen the aprterial vasa on the
proximal Limb arvderies and respective oot of nock
avbevyies woasn obssweved, therseby fomulng tho precursor of
the adult arrangement {(Pig. 178).

The vonous vaso of the arterdes off oot of neck
showed a’ donse plexiform pattern, whioh was reducod ab
the ond of +the first yeur and replaced by lLongitudinal
venous channels in the zecond year. Recoiving
tribuﬁariaﬁ from the outer third of the wmedlia in the
fouxrth vear, these channels became btributarles of the
bronchial vedns through the venots plexus ou the aortile

arnh,.

Uppex and Lower Limb Axievieg
Mo xeferaence could be found in the litersture on
the developmeny® of vasoulaor patterns in the walls of

limb vessels in the firaet Jive vears of life,




Prom an graminatlon of micxogiraphs 14 was
concluded that the ardtsrisl supply o thé neonainl
and dnfent limb avieries oviginated simdlariy teo tho
aduldt, but vexiocd ln distributlon.

(o) Upper Limb.

In the neonatel Limb arteriecs, 4t was Lfound thai
an irregular netbvork of avbterielesy 30-50p in dismeter,
surrounded the prinelpal arterdes of the iimb, forming
a continuous longiftudiannl plexus (Fig- 185}.

In the infant 1;mb arvteries, it was Lfound Lthat
the drregulpyr neotwork was similar din appearance and
denslity antil the fourithh yeawr, when longltudiunal,
slnuous arterdoles, 40-80p in dlameter, replaced the
adventltial plexus and eusheatbed tho exdlllery, brachial
radial and ulnar arieries {(Figs. 186<187%).

Zxaminatdon of the migrxegiaphs showed that the
vaerous vasa Tormed an irvvegulay plexuns, which was
confined to the adventltia and epnﬁisﬁad of' vessoels
50-80p in diamedor (Pdg. 188).

{v) Lowexr Liwmb.

The Fformation sand distribution of the aviterial
vasa was similay in the lower limb, an irvegulay
network of arterioles, 40«60u in diameber, boelang

raplaced in the fouxth yeayr by longlitudinal, sinuous
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arterioles, 60-80u in diswmelter which ensheathesd the

Peworaly poplibeal, and tibial aviervies (Figes, 189«10%L).
The venouwes waopa Jormed an irvegulax pl@ﬁuﬁ of

velns, 60-100p in diameter; which was confined to the

adventitie {(Fig. 182).

Th was clear Trom the mlarographs that the arierisl
pé&terus in the mural wvessols altered in the flrst Live
years of life.

I ﬁath Limbs the first vear of 1ife was
choracterised Ly an irregmlmr uetwork of arderial vasa,

whichh was. digtrdbuted to the adventlitia of the
principal avtories off the lLimbs. Thero was no
avidence of an alieration in the vasculay densiiy during
ﬁhis poriod,

| Betwoen the end of the {lvst yvear and third vear
the neonabtal patiern was mmintained, until the fourih
veax, whsn the arberial adventitiasl nebwork was
replaced by longidtudinal, sinuous arxterielses, which
clogsely wreasembled the adult pieture without arteriolay
colling.

There was no ovidence firom the micrographs which
suggesbed that penetration of the media occuryed in this

age gIoup.



The venous vasa of the limﬁ arteriogs ghowed Llitile
alteratlion in vaseular patétern in the Llret yesr of Life,
and apart from a slight weductidon iu the vascular density
in the Following vears, the irregh&mr plaxnsg of volns

was Ffound to be vonfined to the advenbliitin,.

GROUP ITL

THE VASA VASORUM OF ARCERIES DETVEEN

5 AND 15 YIARS O AGE

-

No refarencaes aould he fbund in tho Literature to
work done on the vasa wvagoruwm of avteydes in this sge
£7oND .

The aim of this study vas to esitablish sliecratlons
in the patterns and digsyabatlon of the vasa vaseruy as

the arcarial wvall aged,

Ihe doxsa

From an examination of the mlcerogyaphs 1t was
concluded that the arterial supply €o the soxtae of 4his
age group originated 3imiiarly to the adult, bunt varied
i digtyilbution.

Xt was clear that no changes cccurered 1n tho
vasculay patteorns, distribution, ox depth of penetration

of the syterisgl vasa betwoen the TLLth and tenth vear.
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(&} Thoe Ascending Aoxta,

In the aorbtae of childron between the Santh and
twelfth year The picture alteraed. Tho longdtudinal
adventdtial ardericles showad lucressed sinuosity and
codling, unbil, botveen the LFhiwteonth and fifitecnth
yapr, the adult appeoarance could be domons bratad
(Pilg. 193).

Fpom the adventitial aviterdolar plexus, the
arterial vasae began to penetrate the middle third of
the media dn the tenitlh yvear, vasculavization of thie
layer belung completed by the fifteenth year {(Fig. 194).

Examinaltion of the micrograpls showed that tho
adventltial veins redtanined fthalr drregulay plexd. o
appoarance uniil the ftwelfth yesr, when well defined
ilongitudinal channels were Tormed; whioh wecaived
Pributaries from an ever increasning portion of the
media, as the arterial vasa penetrated this layer, until.
the adult patbern was atsained {(ffigs. 195m196);

(L) The Arch of the Aowta,

In the avritae of childzen bedtweon whe tonth and
twolfth yeaw the picture altered. The adventitial
artorloles upon the swmait of thoe aoritio areh showed
inereassd sinuosity and colling, untild from the thiriteoenth

yoar dhe adult form could be demonstratedy while the



arberial vasa on bhie sides of the asovtlce aroh bocame
more sinuons (Pigs. 107-198).

Prom the adventiiisl arterdolar plexus, the
artevdal vesa LDogan o penetrate the middle third of
the medda in the btenth year, the adult appeoranco being
attalned in the fifbeenth yeaw (Pige 199).

Bromination of the miecrogyaphs sbowed that the
venous vasa relbained the ixregular peaibtern geen in
infaut acritdc arches, tedibutaries draining ivto the
adventitial plexus from the lanney third of the media in
the fifteenth yvear {Plgs. 200-201).

{c) Vesconding Thoraciec Aoria.

In whe pnoritae of childwven Leitwoen the tenth and
twelfth year the pleture alitoered, The longitudinally
asevanged adventitiesl plexus of arterioles was veduced
in density, and replaced by well defired sinuoua
arterivles, which showsd 2 segmentnl annsitomoses, and
Formod a longidtudinal chaoldn of arterial vasa on the
lateral aspect of the avnita. By the fifteenth yeay
the avasgoular sbheip on the dorsal aspscet of ithe
descending thoracic aowiba hed widened to the adulsb
appearance (Mips. 202-203%).

Bramination e¢f the wmicropgraphs abowed that the

irregular clrvcwaferonitlal patbtern of wvenous vasa, seen



in dnfant aovrtae, was rotained, tributaries draining
into the adventltial plexus Lrom the innexy thixd of the
media 1n tho Fiftecnih year (Flgs. 204-205).

(a) Abdominal doxto.

T the aovbace of children botwesin Lhie canth and

twaelfth veoyr the pigture alitored,. The longlitudinally
arvranged adventitlal plexus ol awvterdoles was reduced in

denaiity, and replacaed by woll defilned sinunous arderioles,
wvivieh showed a gsegmontal anastomosea, and formed a
longdibudinal chain of axterlal voagas on the latoral
aspeat of she aocrita,. In additlon, the arberioles from
the megenteric avbterieg became uore prominent in the
twelfth vear, and attained an adult appoarance 1un the
firveenih yvoar (Figs., 206«207),

Froom the adventitial avtexdolar ploxus, . eho
arterdal vasa began o penetrate tho wmiddie Ifhird of
the medla in tho tenth wvear, the adulidt appeaxance being
shown in the fifteenth yvear (IMlg. 208).

Lxamination of the micrographs shiowed that the
adventltial venous ploexus developed simidlaxly to ithe
thoracio acyta, but was denser, thus fulflilling the
adult conditions {(figs: 209).

{e) Common Tliac Avtery.

ITn the iliac avteriecs Little alteration in the



vascular patbteirn occuxxaed, The longilitudinal adventitial
arterloles showed lucreased sinuosity in the btenth year,
agult sppearances being deomonstiated din the Fifteenth
year (Fig. 210).

Penetration of the wveneainder of the outer thipd of
the media occurred in the tonth year, and the adult
arterliolar patiern wvas demonstrated by the Lifteenth yvear
(Pig. 211).

Bxramination of the micirographs sbhowed that the
patsern of the adventitial venous noetwork rotained the
ixregulay arrangement socen in iufauns arviteries, txibutaries
draining into the advenbitilal volns fyrom the middle thizxd

of thoe meddia in the flfteenth yeaw (Figa. RL2~213) .

Lt was cleay Lrom the micrographs theat the vasculay
patberns displayed by the mural vessels In the aorxta
altercd between the fifth and flfteoenth year, and that
these changes occurred at the same time in different
pairte of the aorta.

Betweon the fifith and tenth years the vasculax
pattorns descryribed for infant aorta were reibalned,

The tenth and twelfth years of life were oharactehisec
by an increased ginuosily and colling of the adventitial
arterioles on the ascending aovia and the summit of the

sovile arch, whilae the longitudinal chain of arterial

vasa on the lateral aspect of the descending thoracic
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aorita and abdominal aorita was foirmed. In addiltion
the arterial vasa avising from the megenteric arteriles
bacame prominent on the anterior surface of the
abdominal aorta, and the avascular strip on the dorsal
aspect of the thoracic aovrta became prominent (Fig. 203).

Penetration of the middle third of the media
commenced in the tenth voar and was completed in the
fifteenth year.

Betweon thé thirteenth and fifteenth years the
arterial patterns, which were energing in the adventitial
arterioles fyrom the tenth year, were completed and the
adult pileture was simulated.

The wvenous vasa of the entire aorta showed little
change beitween the fiLth and {tenith years.

The twellth veor was characiteridsed by the
appearance oif longltudinal venous channels in the
adventitia of the ascending aorta, but elsewhere the
irregular plexiform patltern was rétained, draining into
cirocumferential veins in the descending aorta.

As the arterial vasa penetrated the middle third
of' tlie medla from the tenth year, venous tributaries
drained an ever increasing portion of the media, until by
the fitfteenth yearvwnous vasa could bhe demonstrated in
the inner third of itse media.

The latent peviod between the Lfifth and tenth
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vears 1ln the development of the vascular patcterns s

in agreement witlh the observed growth lag in the arterlal
wall at this time (Hloom and IMaveett, 1962). In the tenth
vear the growth of the esorisa commences again (Bloom and
Paweett, 1962) and this is in accordance with the development
of an increasged intramural pattern of vessels.

In coutrast to the good anastomoses occurring
bétween the mural wessels at the proximal and distal ends of
the young aortic sich, the anastomoses in the aortae of
children were observed to diminish in the tenth yeax,
unbil the adult patiern was attalned in the flifteconth
vear {(Fig. 193! compare Fig. 135).

The sequence of changes in the vasa of the common
illac artery was limited to an increased sinuosity of
the adventitial arlterioles and the vasculaxization of all
the outex third of the media from the tenth year, with
venous tributarildes dyraining the mlddle third of the media

hy the Limilt of this age group.

The Pulmenary Trunk and Avtepigs

No refercences could be found in the litorature
to work done on the vasa vagsorum of arteriecs in this age
Sroup.

The alm of this study was to esbtablish aliterations



An vascular patberns and digstribution of dhe wvasa

vasomun &g the arberial wall agoeds

fpom an examination of the micrographs Lt vas
conclwied that the aritainial supply to the pulmonary
trunk and avrteries originatsed asimdlarly to the
pdult, but wvavied in distribution,.

re was cleay that no shanges cecurred in the
vasoular patiberns, distribuabion, oy depih of
penetration of the ariterial vasa botwaon the £ifth
and tenitlhh vear.

(2} Pulmonary Trunlk.

In the pulmoensyy dphunks of ochilldren betweesy tho
tenth and bdwelith yvear the plobture aliered. The
longltudinal adventitlal arterlioles showed dncyroeasead
ginuvesidty and codling at the mazrging and base of the
pulmenary trunlk, uatil between thoe thirteeantsh and
Fifseanth yeaxr, the adulit appearasnce was demonstrabed
(Figs. 21b8-215),

Et was clearx Trom the miciomyraphs that the mesaic
patterna, seon on the anterior and posterlior surfaces
of adult spocilmaneg, began 0 foxm 1ln bthe tenth year by
zeplacing the longitudinal avierioles of the infant

specimens (Pig. 216).




00

From the advontitioel swterdiolar plexus, the
arterial vasa bLepgmn bto penetrante the remainder of the ontex
third of the nedia in the tenth vear, vascularizatlon
of this layex being cowmplotaed by the iftecenth year
(Pige. 217).

Exomination ¢ the microgruephs showed that theve
was an increasce in the lLongitudinal venous channels
in the adventitia in fthe twellth vear, tributaries
draining into adventitial velns Lrom the middle third
of the media by the Fifteenth year(Figs‘ HIBmQIQ).

(1) Pulmonary Arleries,

In the pulmonery wrteries of children between Llhie
tenth and twell(tit year the piciure altered, The
longitudinal adventitinl aviterioles on the exitralillar
part of the pulmonary oarterics showed coiling, whilo
the artericles in the adventitia of thoe intrahilar
arteries becawe nore gsinuous, until the adult appearence
was Fformed in the Lifteenth veanr{ifigs. 220=22T) .

From the adventitial avteriolar plexus, the arterial
vasn bhegan to penotrate the outer third of thoe media
on the distal part of the catrahilar pulizonary arvteries in
the tenth yeur, vascularvizaitlon of this layeryr being complacic
by the fifteenth yeaw, The arterial vasa wore confined

to the adventitia of the intrahilar pulmonary arteries,
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an inerease in fhe deasity of the vasculaw patbswn
being the only chenge obsssved {(Pig, 222-223a).
Browdination of the wlevegraphs showad that dhe
venous vasa vetalned the drrogular pattern soen An
infant puinonary ariteries, tributaries draiuving into
the adventbitilal plexus from the junctlon of the
ouber and mlddle third of the media in the extrahilawr
arteries, buit bolug confined htoe tho deep advenfhliial

layers in the intrabllar avbterles (Pig. 224.226s).

L2t was clesy from the microgzaphs that the
vasoulay patterns of the mural vessols in the pulmonery
trunk and avberies altexred bebwsen the £14070th and
Plfbeenth vear. Bebwveon the £ifth aud tenth yeoars the
vascular patierns deseribed for infenlt spoeimens wope
robained,

The tenith %0 ﬁwelfth voars of life were .
¢haractorlsod oy incréﬂsad'cmiiing of the advensitial
arterdoles at the base snd mazrgians of the pulmonnyw
trunlk and on the exbrahilar pavt of bhe pulmonery
avbories. In addition {the adventléial arterioles on
the intxahilar arteries showed dnoreased sinuoesity.

The mogadc patierns on the anterxrior and posterior
surfacaes of the pulmonavry trunlks were foxmed at this

tdme, and appeared to emerge from a cross anastomotlc
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network betwoon the existing longitudinal arterioles
in the adventditia,.

Batweoen the thiztecnth ot fitfteentlh yeoars the
arterlial pstterns which were forming from ithe tenth
vear were complobtoed amxl the adult pleture was gsimulated,

Penetration of tiie outer third of the media in the
distal part of the extraliilar arterles commenced in the
tenth year and was completoed in the fifteenth year, nut
the arteriacl vasa remained in the adventldtia of the
intrabhilar pulviouary arterlies,

The wvenous vasga showed Ilttle change betweon the
Fifth and ftenth veurs, The twellbth year was charaecterisec
by on increasc iu the longitudinel venous channels in
the adventitia of the pulmoiary trunk, and cross
anastomoaes with the adventitial wveius on the asconding
aoxrtae appeaved {(VMig. L95).

The latent period bLetween bthe fifth and benth years
in the developent of the vascular pabiteras is similar

[ Clede 1663 2}
o the no:r:"ba)g L the teonmtl year the mural vessels
alter their ciuaracioristics, as do the wortic vasa,
and this would .pjpear o provide for the growith of the
pulmonary Ltrunk aid acsouding aorta at this timo: SR
” Dubreuill, Lacosts and Haymond{i1236) stato that

the adult type of respiratory unit does not develop
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until some yeaws alter birth, This obsexvation is

in accord with the evidence produced in this séudy,
that the mural vessels ian the pulmonary axberies and
thelr branches do not present adult features until the

Fifteonth yeax.

The Acterigs of the Rogt of Negk

No zxefevence could be found in the Literature %o
work domne on the vase vasovum of arteriles in this age
group.

Prom an examination of the micrographs 1t was
concluded thav the avierdal supply to the avitexries of
the root off neck oxiginated siwmilanrly to the aduli,
but varied in distribution.

Ity was e¢leaxy thalt no changes ococuryred in tho
vasculay patterns oy depth of penesration of the
artevrial vasa beltween the £ifth and teonth year,

in the arteries of chilidren betweeon the tenth
and twelfsh vear the picture alierod. The
longitndinal advenititial arterioles showed coilling,
untidl by the Fifteenth year the adult appearance was
demonsbrated (Fig. 227).

FProm the adventitial avieriolar plexus, avterial

vasa began to penetrate the remainderx of the oulbew



vhird of the medis in the tenth yvear, vascularization
of this layer baipg coqpleted in the fifteecnth veax
(Iig. 228).

fzamdination of the micrographs showed that the
aﬁvep;itial velas retained thelr drvegulawy plexiiorm
appearance until the twellth vear, when longlitudianal
ohannels were formed, which received tyibutaries from
an ever incroasing porxition of the media as the
artorial vass penetirated this layer, uniil {the adult

patitern was atbained (Figs. 229-230),

It was clsar from the mlcrographs that the
vesculay patterns of ﬁha sxpal vessels in whe reot of
neck artveries altered bavween the Lifth and Difdteenth
TEAD 4 Betwoen the fifﬁh and tenth vears ihe
vasoular pativrne descyribed for infant arteries were
retained.

The tenth yveayr of life was characterised by coilling
of the advenitlitlal arvtexiloles and penetration of all
the outer third of the madia by the arterial vasa,

Betweon the thirtecenth and £ifteenth yeaxrs the
arterial patierns, which were forming in {he tenth
year, wore coumplecied,

The venous vasa showed Lititle changs bebtween the

fifth and tenth yvears,. The twelfth year was chavscterisel
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by the appearance of longltudinal venous channelis in
the adventitia, tributariss draindng the middle third
of the wmaedin.

The Iatent pericd betwoen the JA¥th and tenth

vears in the development of the vascular patierns is
ailmlilar to the aocwia. The golling of the adventitial

arverioles was intevpreied nz o defonooe mechanism
pgainst vasal sbtreteh froem the lnereasing systolile
Pressure. The vasculayimetlion of the arterial wall
soecurs at the same time as the értﬁrial vaap pencirahe
the acertic wall, and this would appoar ¢ provide for
the growith of the artorial wall at this biume {(Bloom and

PFawcett, 1962).

the Bopopayy Axtexdes

We refersnccs could ba found in the litoraburve
vo bhe dovelopuwent of vasoular pattowrns in the walls
of the coronary arieries.

In this situdy obscervations were counlined to
speoilnens axamdned beltwooen tﬁ@ third and Liftoenth
yeoars of life of twoe yoear duntervals. L was found
that specimens from heawvts ln the first three years
of Life were boe smell Yo investligate hy the prosent

vochnique.
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Freom an examination of the mlcorographs Lv was
concluded that the artoerial supply to the Anfant and
cehildrenst covonavy arboarles originated similarly Lo the
adult, but varicd in digbribution.

T the iniant coronairy avtories,; bebween the thilnd
and LALfthh years, it was found thalt an irregular pevworlk
of arterioles, 60-30u in dlawmeber, was Fforwmed in the |
adventitia {(Fig. 231).

It was cleay from the mierograpbs tlhint in she
tensh yvoaixr tho plceture aliered. The adventitlial
network of awtorloles was weplaoced by Longiitudinal
sinuous arterioles, whiclt Decame coildled on the prozimal
tome off the coronaxy avtcory in tho twelith yeaw (Figs.
232-233) .

evidoent from the micrographs that the

]
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Longiltudinal and circeumPerentianl arteriocles, scoen in
the outer third of the media in the aduls, appoaved in
tha bentlh yoear, vascularvidgation of this layor belng
completed dun the fifteenth vear (Fig&. Qﬁhmﬁﬁﬁ).

Esamination of the micrographs chowed that in the
Infant coronnyy arteries, hedtween the thivd and Tifih
vorra, thore was an daorvegular plexus of adventitial
veing, 50-70p in diamcier ('J.*‘:L,r_.;'. 2_‘}6).

It was found shat the adventitial vedlns wetailned
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their drvropgulay plexifors appearance aml received
tributardes from an every ducrecasing portion of Hhe
medla from the tonth yepr, aaitil the adult picture

was demonstratod n the fiftecenth yearwr (Figa. 237-238) .

It was apparewnt Trom bthe wmicrographs that the
vasoulary patterns displayved by the mural vessels in
the coronary axiteritices olbered cousldersably betwveen
The third and {filteenth wvears.

The Lilih year was characterised by an lrregular
network ol arteriasl vasgs whichh was confined to the
advenstiitio. Phis patfoern was resainoed untll the
tenth yoear, when longilbtudinal sinuous ariterloles
Formad with colling guickly appearing on thoe proxlmal
leme of the coronary oriery in the Ttwelfth ysoar.

Penctwratlion of the ouver tliird of the medin
commenced in the bombl vear aul was comploebted In the
fFifteeantli,

‘The pattern of the venous vasa in the adventitiz
of the corounary ariterics showed Little change in this

: age group, the oaly chiange being the appearance of

[ tributaxles dradining the wedis fyom the tenth veor.

| The latent period in the development of the
vasceular patiterns botween the fifth and tenth yveavs

ig similar o the piciturc scen in the amorta, pulmonary
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vossoels, and Limb aviorics (vide infra). Samdlarly
the sinuosity, colling and ponectration of the media
by advenitliial artoerdoles Follows che chronologloal

geguence seen i tile other ayxieries exaninad,

Ihg Upper and Loyep Limb Aztorles
No »eforences could be found in the Litoryasuxe
to the dovelopmont of vaseculoyr pattemnms dn bthe walls

of Liwdbh vessols in thils age giroups

From an examionation of bthe miecrographs it was
concluded that the arterial supply to the princlpal
Limb arterics oviginated gimilarly to the adulil, huib
varied in distribution,

In the 1Iimb arteries of children no changes occuryed
in the vaseular pubterns orx depth of penetratlon beiween
the Ffifth and tentlh vears.

(2} Upper ldimb.

In the Llimb sytorioes of chiildren bebween the
tenth and twelfth vear the ploture alteryed, The
longitudlnal adventitial asrhbeprioles 0F the subeclavian,
axilliary and brachial arteriscs aghowed coliling, while
the sdventitial arierial plexus on Lthe radial and
ulnay arberies showed increased sinuocsity (Figﬂ. 239

2h1).
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¥irom the adventitial arteriasl netwovrk, the
arterial wvasa hegan to penetrate the outer third of the
media of the gubclavian and axillary arteries in the
tenth yvear, vascularization of thisg layer bheing
completed in the thirteenth year {(Fig. 2423,

Ixamination of the miérographa showed that the
longlitudinal adventitial wvenocus channels of the subelavian
and axillary arteries roceived Ltributaries f(from the outer
third of the media in the tenth vear (Fig. 243).

(b) Lower Limb,

In the lower limb arterics of children betwoen
the teonth and twelfth veasy thé picture altered, The
longltudinal asdvenititial arterioles of the fewmorsl and
popliteal arteries showed coiiing, ﬁhile the adventltial
arterial network on the circumilex foworal and tihial
arteries showed increased sinuosity (Figs. 24L-246).

From the adventitvial arteriolar plexus, the
arterial vasa began to peﬁetrate the outer third of
the medla of the femoral artvery in the tenth vear,
vascularization of this laver bedng comploted in the
thirteenth year (Fign ﬁ&?}a

xamination of the wicrographs showed that the
longitudinal adventitial venous channels of the femoral

artery received tributaries from the outer third of

the media in the tenth vear (Mig. 248).
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It was clear from the widerograplhes thaet the
vascular patterns of Lhe wural vessels lu the prlincipal
i arteriaglaltgred botween thie P486h and Fifteanth
VRIS

Bebtween the £ilth and tenth wvears the vaseulaw
patterns described for infant specimens were wobained,

The tenth vear of life was choavracterised by
inervensed colllupg of the adventdtldal arteriloles on the
proximnal limb arterles, snd siuwosivy of the saxbericles
on the distal asxterics,

Ponetraticon of ithwe outer third of the media
occeuryred in the proximald avterdes from the tenth vear,
but like adult swvecimens, the arberial plexus was
confined to the adventitia of the dlstal arterics and
thelr princlepal brapchen, |

The lgpbent perdod betbtwoeon the Fifth and denth
years In the development of the vasculsr patherns is
similar to the roxia, The codldng and doecrsssed
ginuosity of.ﬁha adventitial artericleg was inteprpreted
as a defence mechnniam against vasal stretceh from the
Increasing syvstollce proussiuuwre. The vasculaxization of
the proximal sxbterdizl wall occeurs ot the same bime as
the arderial vasa penelbrate the portic wall, and this
would appear to prcvide‘for the avterial growth in fthe

developlng Liwba,



The voeonous vasa showed Lidtle alterastion in 4thelr
ayrangemont, apurt fyvom recedving brdbutarics Serom fhe
nodlia as tlhe ariceriasl wvasa penstrated the proxiwmal 1limb
arbterles. Lile adult specimens,; tho venols vase wero

confined hoe the adventitia of the distal Limb srteries,
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PART TV,

AN, 2 WS PN

DEVELOPMUNT OF VESSELS TN THE ARTERTAL WALL,

ENEHQDUCRION,

The majority of siudies on the subryology of the
cardiovasculay gyvsten do noet include a desepription of
the vasa wvasoium,

Winternits, Thomas and e Compbe (1938}, stnto
that "by the time the worta is Formed as o single
tube of endobthelium, 1lving in an area of loese and
indifferent mesonchyme, it has already, in the replon
of the futuro rounal branches, many connections wikbh the
adjacent capllliory network”,. PThis obseyveiion is
supported Ly illusitrabions showiling a2 para~aporcic
plexus of vessels dn LOwm. and Rlbma., rabbkit ond pig
c-}mbryc,-é, I opndddtion, 46 was concluded that the
cepillary "sprouts" surrounding the sorita formed before
the mwosenchymal cont had condensed, so Shat theirv
growbh was Aot Interfered width,

The adm of this woerk was to estabhlish when the
human arserial wall was voscularized, and to dedtermine
any changes which occourwed in the rattern or distribubion
of the vasa vosoruim. Ln bhils stbtudy the foebal novria

and pulmonary trunk woere exzamined,
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the poxia

(a) Aowrtae oxamined between the L2th « 284k veek.
6 was elear from the amlerographs that in the La4th
waek of Antrouterdne Life o sparse nebwork off perisoritic
vegsels, L0-15p dn dimneter, surrounded the abdomdnal
fnorts at ﬁha-origin of the roaal arterdes,; leaving

the remaiudey of the aorba avascular {Fig. 2&9}.

X the foetanl aortae ezaunined boedtween the 12LhL -
16th weels it was found that the perideoritic nsdtwork had
spread o the Shoracioe norite and abdowinal aorta as [ar
o5 the acctié bifureation {(Pigs. zﬁiwﬁﬁl). Bragination
f bthe ascending aoria aund awvch, at this tine, showed
Hhiot vessels, L8200 in diameterg could e demonstrabved
around Hhe base of the wuscasnding aorta and the eupunld
of the aoprtiec arch {Fig, HﬁﬁmQSB}.

Boetweon the 164th « 28th week it was Lfound thatl
the perieortic network off vasa suryounding the thoracio
and abdominal aorta had dncressesd in density, wiih
evidence of a suiral patitorn of vessels, 30-40p in
di&mﬁtéf» appeacing on bthe ahddminal acrta fxowm the 20Uh
wael (Figs. 25l 5 Y, The vessels around the bage of
the ascending aorta bepgan e ascend towards the aorblos

Pulnmonary groove and surround the proximal parxt of the

ascending aoerto with an irvegulayr plexus of vessols
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20«30 dn diome ber (Fig¢ 256, Lithile change could
be observed in the wvascular arvangomont on the aocprbic
amch in this period.

(b)) sovtae examined between thae 28th week and herm.

e

In the Fooctal aciriae oxamined bedween the 20th
waol and berm the aviterial and venous wvass could be
demonstrated seponrately and 1t was evident frowm the
mlioervographs that the sriterdal supply Lo the foetal sovins
origivated similariy to the adult, but varded in
diztribution.

{1) Ascending Aoria.

Tn tho 28tk weel it was found that an ivregulax
plexzus of adventitisl nrteriolesg, 30-40Op in diasmeier,
surrounded the base and proximal halfi of the aorita,
arterial vasa extendang onto the disted half in the J32nd

eek {Figm. 257=238).

Tt was evident from the micrographs that the
neopatal pattern of adventitial arterioles was abbaiuned
in the 32th wveek {Pig., 259).

Bxamination of the mi&rographﬁ showed that the
vonous vasa Ffermed an irvegular plexuns of wvessels,
$0=50p 4n diametexw, 4n tho 28+h weok, and thot the
neonatal appcarance could be domonsitrated in the Yhbh

(Fips, 2602617,
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(14) Arch of the Aorba.
In the 204h woelk 4t was found thal an irregular
plexus of artexricloes, 30-40p in dlemeber, was dlstribuabted

3 anreh

o~

bto the adventiitlia on the swamit of the aocrsi
(Prim. 262), Dedwoen the 20th « 32t woek the
mlerographs showed that this plexus increasod la density

and extended onteo the sides of the areh, uatlil in the

Shuh week the neonatal arvangement wos demonstrabed

It was clear from the micrographs that the venous
vasa formed an i&ragular nebwork of vessels, hﬂmﬁﬂp in
diamoter, on the swnlt of the aoxrtlc arch in the 28+4h
week, and that by the 32nd gributaries were draining ithe
sidesn of the axrch, giving o similay appearance Lo the
neonatel pleture in Bhoe 346h week {(Figs. 266-267).

(1id) Descending dorta.

In the 28+%h week 4t was Found that o spirval nebwork
of aritericles, 40-30u in diamcter surrounded the abdominal
aorta, and that by the 384nd week this nedtwork had
gxtended onvo the thorscle aorita, replacing the Llrvepgulay
plexus of weasols abserved before the 284h week (Pig. 268},
This pleture was votalned until blrih,

Bxamination of tho microgroaphs showed that the

vonous vasa formed an irvegular plexus of vessels,; 50-G0p



in diawmeter, in the 20Ch week, and that thiis pattern
was rotained until teru, ik ploxus becoming more denaa

on the abdominal aorta from the 32nd weels [Flgo., 269 -270).

It was olear from the stdlerographs that the vasculaxw
patterns displaved by the mural vesseols in the aorta
altered in intrauvbterine LifTe,.

The twelfth week ol indtyauteirdne Life wag
charncterisod by the development of vasa vasorua on
the wall of the abdominal acriba, adjacent to the origin
of the renal aviteries and took the Loy of a perilaocrtic
plexus of vessels, which sproad Lo envelop the remaindoen
of the descending aoxta in an adventitilal plexus by the

,,,,,, sixboenth weeke |

In e analysis of the fadtorﬁ influencing the
appearance and developmont of caplillary beds, Clark
(1918) repowted tlwt "increased metabolism causes
increase in blood pressure in the caplllary area, Go
wirichh the endothelium ds thoughi to vespond by sending

ous sprouts”

s that the fovwation, enlayrgoment, maintenanco
and abtrophy oi capillaries is partly dependent ou the
amount of bhlood ilow, and confirmed Thomas's coecond
histomechanical lav Hhat, increase dn the loength of a

vessel is governed by the teunsion exerted on the vesscel

wall in a longitudinal direction by the tissues and




ergans oubgilde that vossel,.

From a sarvies ol direct studles on the regional
hlood flow in foetal lambs, Reynolds (1961). concluded
that 73% of the cardilac ouitpuit passed to the desoending
aorta, 13-18% helng distributed to the abdominal viscera
and hindquartars;

Durdng thils astudy L4t was absorved vhat the vasa
vagsoruit, which fivrst appeazred on the abdominal aoria,
had extensive conmundeatlions with vessels on the dowrsal
wall of the foetus, in the reglon of the dewveloplng
viscera, and in two oarly specimens (whieh were not
ineluded in thiz geries) the dorsal wall plexus approachod
the side: of the abdominal aoxriog which was avascular.

Jn view of these obsexvations and the findings of
Clarle arnd Reynolds, it is suggested thalt the stimulus
fFaxr tho growith of the capillazxy bed on the doirsal wall
of the Ffoetus ds the motabolie activlty of the developing
viscoxra, and that the vasgsl plexus on the abdominal

aorte, in the 12th week, is an exitension of the dorsal
capillarvy network,

The extension of the wvasal plexus on the abdominal
aoxrta to envelop the remalnder of tho descending =moria
by the simbeentih weelk was dnterpreted as a haemodynamle

responge iAllustralting Thomas¥s second hilstomechandecal Law,
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as the aorta lengthened,

According to Bloom and Fawcett {1962) the aorta
acquires 4ts outoer conts in the fourth month of
intrauvterine life, Lut this woag not accompanied Ly an
alteration In the vasgael avechitecture, until the twentieth
woek, when a spiral pattern ol vessels surrounded the
abdominal aorta, and extended on to tho thoraclic aoxta
by the thirxrty second week,

The poor developmoent of the vasa vasorum was most
marked on the wall of the ascending aorba and arch,
where mural vessels weroe net prominent vabil the twenty
eighth week,

It would appear that the neonatal patbern of vasa
vasorum is attpined first 4in the descending aorta in
the +thirty sgecond weelk, and this is followed Ly the
asconding aorita and arch in the thirity Ffourth weaek,

It dg of dnterest to note that the developmont of
the vasa vasorwn is not prominent in all parts of the
aorta until the btwenty eighth woek, when the foetus is
recoginised as wviable.

Unfortunately no cases of congenital coarctation

of the aoritua could be studled.
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The, Pulmongry Trunk snd dreries

The only refarxence to the vasa vasoxum of the foeltal
yaulmonary trunlk is by Winternlts (1L938) whoe states thati
. y .

the ductus onrberiosus recolves vaspa fwresm the pulmonnzy

trunk, but does not amplify his descripitlion.

{n) Pulmouarxry trunks exwmsinoed beitween the L26h-
2Ot woelk.

Tt was cloar from the miovographs thabt in tho Lotk
woel of intrauvberine 1Lifoe a finoe network of vessole,
10-30y in dismeteor, surrounaded the base of the pulmoenaxy
trunle, whiclh wag aveaseular wntil this time (Pig. 271).

Between the 16th-28th week an irvregular plexus
of veansels began Lo spread over thoe anterior and

posterior surfaces of the pulmoenaey trunle from ihe

apriétlo—pulncunry groove, forming an aoasbomotic network
with thoe vesgsels on tlie asecending sopria (I?‘:i.g. 27}3),

(1) Palmonary Truanks examinod bebtweoen RB8th week
and term.

T the 284h weok 46 was found that an drregulex
plexus of adventitial arteviocles, J0-40p in diametor,
surrounded the base and proximal half of the pulmopary

tarunk, arvterdal vasas extending on o the distel hal?

and Lifwrcabtion in the 32nd veel (Pigs. 273274},
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Examination of the micrographs showed that the
neonstal patbtern ol adventitlial arterloles was atbalned
in the 3 th weoek {Figu 2?5).

Lt was apporent from thoe mdcrographs that the
venous vasa formed an irregular plexus of vogsels,
Lo-50p dnn disamoeter, in the 28th woel aund that the
neonetal appearance could be demonstrated in the 34ih
wealk (Figﬂe 276-277).

{e) Yhe Pulmonary Arbterics.

It was evideut®t fxom the wmicropgraphs thait the
extrahlilar poviion of the pulmonsvy artery wall wvas
zzvz-‘;ss‘culm?g wntil the JZnd weell, when the pulmonary
bifurcation had been vasculsrived and a few vessels
extogded onte the proximal part of the pulmonaxry

artevics (Pig. 274).

T4 was clear fLfrom the wmicrogiraphs that the
vasculay pattberns of the vasa vasorum altered in
inbrauterine life,

The chronological appearance of the pulmonary vaess
was similar to the ascending aovrita, a fine plexus of
vessels around the baso of the pulmonary trunk developing
into o well defined network by the btwenty eighth weok,
and assuming the neonatal characteristics in the

thirty fourth weald,
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Fyom the thiviy second week an artoerioclar network
exbended from the pulmonary bifurcatlon onto the
proximal part of the pulmonary asriterics and ductus
arteriosus, whose mural vossels ave described below,

in the thirty fourth weelk.,
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PART. Y.

VESSELS IN TIE WALLS OF THE ARTRIIRS

SHOWING ADAOTIVIE CHANGES AT BIRTH.
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VESSELS TN PHE WALLSG OF PHE ARTERIES

SHOWING ADARTIVE CHANGERS AT BIRTH..

T ERODUGTTON

Little aveonition hos bheeir plven Lo the vasa

"

vasormun oi vessels showing adaptive ohanges at brith
A mans

ocinans of

1
T
&

In this atudy feoobal and postnatal o

e

ductue avberdosus and anbilienl arteriles were exmaminoed,

bugtys, Axteriosug.

The numerous doseriptive and experimental. studias
conducted on the ductus arierdosus have been concerned
nrincipally with the mechanism and time of closuwe,
and the vesuitantd aﬁmp%ive choanges whichh occur in {he
noonatal circulation {Bnrﬁyaf%9 1947 Dawes, 195053
Selacon, L96G),. Little roference céuld e found in
the lLiterature to the vasn vascorum of the ductus
ATTORLOBUE .

The main work is by Winternids, Thomas ond LeCompthe.
QQBSb who injJoected the vasa vasorum of tho pulmonary
trunk dn foetumes and noeonabesg dem?nﬂtratad brancshos
from the plexus in the advenititla of the pulmounsiy
hifuwrcation extending onto the ductues ariteriosus, and

gconcluded that the intramaral vessels increased in
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density alber blath,

Fyrom an examinufian of the mlerographs 1t was
evlident that the vasa vasorun of the foebtal and neonatal
ducitune arberiocosus originated Trom thoe plexus of vessoels
in the advenibtitia of Hhie pulmonary bifuircavion sand
proximal part of the Leflv pulmonary axvtery, thoracic
aorta, and bhe Lerminal branches of che dnterxrnal wmamnsary
arteries,

(a} Poetal Duchtus Aptexyiosus.

It was cleoar from the wmlcewopraphs that the wall
of the foetal ductus ariteriosus was avasoeular untdl

the 28+4h weelk of introauvterine 1ifoe,

Betwveen thae 20¢th woelk andterm vasn vABSOrum were
found to bo distyibuited to the adventitial layor in
the wall of the ducitus avitoerlosuss

(4) Vvasa Iprom the Inbernal Mamaawy Avteries.

L% was evidents fvom the nicrographs that an
ivrogular ﬁlaxug oFf awrteriocloew, lﬁwﬂﬁp in diamataer,
oviginating from the duterual moaumsry avierics, was
digtributed to thoe enbire leugih of the ductus Crom
the 28+4h weelk {Mig. 278).

(ii) Vawsa Lrowm the tlhwwracic aorta and pulmonary
arteily.

Exandnation of the wmicrographs showed that the




adventlitial avitericlar plexus on the wall of the dugbus
arteiriosus was supplemented by an Angrowth of
asrberioles, h0-50u in diametor, from the thoraclie
aorte apd pulmonary artery in the 34th week (Figg.
279~280), which avborised with the oxisting arteriolar
plexus from the terminal branches of the interna%
mammesry arieries (Idg. 279).

(b) Neonatal Duchus Arteriosus,

£t was clear Lrom the micirographs that the
adventitial arvterdolar plexus varilded in distributiou
during this porlod,

Merast Wooeks

In the [ivset seventy two houwre of Life thero was
no evidence from the micvographe of alteration in the
intramural pattexrn ox disbtzibution. Thoreafter, the
pilicture altered,

It was appavent from tho miecvoprephs that the
irregular patlern of the adventltial artoriolaxr pleoxus
had increased 1Iln density, and that a secondary network
of arvterioles, 3050y in digueter, ponedratod the
outer half of the media towards the end of the Lirst
wook (WMips. 281-282),

Socond Weaeks

The microgruphs showod that the dirpregular patiern



of advontitial arterioiea was xoebalned, appearing as
o plexusa of vossels, 80mlobp in Mameber (Flg. 2083).

Prom the adventitlal exterxiolar plesus, arteriasl
Vg i!-@»&()y. in diamoeter, penehirated thoe media and
ineima, the walld of tho (.1‘;10. tun arteriosus beling
compleboly vapsosulondsad 'E;O'tﬁaxz'ciéss the end of the sccotd
woek (@i, 28%).,

Thirzd Voel:s

In the third woelk, examinatlon of the mdowrographa
sliowed wlhiat the lwmen of the ductus arteriosus was
Lolug progressively fillod with vasceular tissue
contalning arfterioles H0G0p in dismeter {(Pig. 28%5).
These vessels originated from the demminal branches of
the mural avieviolves, thus Fforming a dense aviteriolarm
network dn the lumen wid woall of the duebus axiterilosus
(FPig. 286},

Pourtii Week:

L wan clonw from the micrvographs that the
density ol tha arvterlolar plexus in thoe wall and
Iumen of the ductus arteriosus began to diminish in
the sccend half of the Fourth weeok, although all the
layvere wmoemained wosoularizand

{¢) Infant Ductus Arboriosus

Examination of the wmicrographs showed that a

progroessive Lschinomia, which was mest marked in the




fivesdt six months, occuryred in the
the dnctus arboviocsus (Mg, 288).
vear thae ductus avisriosus

st

dlamaetor,

arbordsod withh thoe arterial vooa of the thoracio

and pulmonaiy

whioh woxre

B A o i e
avbery (M.

o networls of

confinsd
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289 ).

inblma

gonststed of
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and media
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Between the second and fLLth years of Life the

micrographs demongbiataed a

$0--100n in diometer,

confined
with thoe

severed, and

to tho adventitia {8
arherial

)

tiia

S
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e 29 O ) *

thoracie

duchtus was avasoulnr {Fig. 291}e
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arteriolay neh

aryaged loagitudinally,
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253 S

and

two speceimons the aortic half
(d) Ductus Arteriosus in Children,
£18%h nnd fidteonth years the

Botwoen the

microgirapha

the ductus until tho tentls vean (Fig};, 292)¢

Thersafter,

e
Of

o
E)

confined bo the adventitia of the pulmonary half

Ehao

showed that fthe arteriolar plexus was

o

whe mderogranphs demonstrated a reduction

in fthe density of the adventitial arterdolar plexus

(Pig. 293).

(o) Ductus Arteriosus in Adulis,

Bramina

-4

af

By tho oad of the

Avrborisntl on

aorta had beon

£

tion of +the ductus artariosus betwoen the



fifseonth and eighbtietlh vears showed that v A8 Vasorum
could '!35(3 demonstrated in three specinens. The ploture,
in gach case, vonsisted of two or three arterioles,
BO=L00p inm diswmoeter, which were conlined o the
sdventitia of the pulwmonary nalf of the ductus

arteriosus {1ig. 204),

L4 was clear From vhe mloroprapbs that thovse was
ayn extensive vascular supply to the wall ol the ducitus
arteriosus, the genoral featnrss of which are shown
in ﬁextnfig.'s; |

Winteinidts, Themmw.aud LoCompte (1938) stabted that
the ductus in nevborn infaunts showed no vasculayidty ian the
inner medls or dntima, and that in one cese o Ysmall
twdg of vessels’ was found i tho modio. Later they
noted that the madia and intima were vascularized in
infants aged two and fouy months,

Ag dindicated by the =m-ray microscope,; the footal

.

ductus is vasculariéed by terminal brauéhes i’ the
Lunternal mamanyry axderies din the twenty ei{;;h'i;h weelk of
intravterine Lifs, a supploemaentary disteibution coming
from the artorial vasa of tiie Bhoraclice aocyxta and
pulmonary avisory, The neonatal pattern is attained

in the thirty fourth wesk, so that the foetal wvessels

have developed in a period of sixn weolks. This 4ds in



Baplanation of Textelim, U,

Dlagiam of the arbtorial supply to the élzc.'é;ua arteriosus
(d.a. )y showing aritevial vasa originating from terminal
branches of the inbormal wenmary artery (L.meort.),
thoracic aorta (vi) and Lleft pulmonary ariery {(v2).

Aorta (A)s palmonary Lrunk (p.t.)?! right pulmonsry artery

(repenrts)s Loft pulmonary artory (Lep.art.).



v.]

i,m.art.

d.a.

v. 2

r.p.ort,

p.t.

|.p.art.

TEXT-FIG.8.
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cownbrast te the slower developmoent of the vasa in the
aoerta and pulwonayry Lrouanic, ' g
Iy thils stady no aldcerastsion Lu thoe pavboyin o
distiibution ol the vaso could be demonstrabted in the
firet sovenby bwo honrs of Llifa. Theoreaflter, the
outer holf of thoe media was ponetrated in the wemamindoen
off the fivst woeek, complelbe voscularigation of the wall
ovcourpring in the scecond woek., This dincreased

3

vascularlity dn Lthe wall of the ductuz conflonus
Winternitzls observation on postuatal specimens hukh ab

an oarliocr ngo,

The third week was the time of maximum vascularity,
on account of the diafiidtration and paritial ccclusion of

the lumen by tlssue copntaiuving a denss aréteriolar
plaxus., Tihin phoase leasted about ten days end towards
the end of the FLourth week the voessels dn the lumen and
loner half of +the media and Intlima hegan to atrophy.
Xt would appear that the vesgsaels in the lumen are
outarowths from the vasa in the wall of the duacius,
since ocomplete continuity could be demonairated boetween
tho avbteriocles in the two anrcas,.

The remainder of thae fTirst vear wag characterised

by o progyessive dschaemila, whiech affected thoe intimad

and the media £lrot, so that by the end of the Lfirst
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year the vasa were confined to the adventitia,.

The definite pabttern of growih and atirophy of
the intremural vesesels 1n the Tirst year indicates a
specific Tfunction, It is suggested that the
vasculuriﬁétion of the wall of the ductus in the
second week s a necessary preludoe to the ingrowih
of veésels required to supply the tilissue which
inffiltrates and obliterates the lumen of the ducbus,
and so completes the functdonal adaspitatlion in the
ciroulatibn, occurring in the fourth week (personal
communication - MacDonald}, The subsequent atrophy
of the vessels in the wall of the ductus was
interproeted as a physiological ischacmia, which took
ploce after competent olosure of the ductus,

The observation by Winternitz that the vasa of
the ductus, thoraecic aorta and pulmonary arteory
anastomose was not confirmed, | Ag indicated by the
s=1ay mleroscope the aprborlsation between the vasa in
the wall of the ductus and aocrta was severoed betweon
the second and fifth years, resulting dn a progressive
ﬁithdmawal of the advenititlal vessels towards the pulmonary
end of the ductus, the aortic half of the ductus bodng
avascular dn the f£fifth vear. By the fifteenth year

only o meagre arterilolaxy plexus could be demonstrated




on the pulmonaxry half of the ductus.

Fypom a atudy of the adult ductus, Winternltz
comments that, by introducing a mlcoropipetite Lfilled
with dye dnto the ilumen, 'channels' could bhe demonstrated,
which comunicated with 'small blood vessels in the
gsurrounding adventitial tissue', In this work thires
adult specilmens showed wvasa in the adventitla of the
pulmonary half of the ductus, whilch commmanicated with
the avterial plexus in the adventitia of the pulmonary
artery.

Attempts to demonstirate the venoué vasa iLn postnatal
specilmens through the routine venous routes iIln the
thorax met with repeated fallure. Lt is suggesited that
the veins in the wall of {the ductus srteriosus ave
tributaries of the veins in the mediastinum, and that
failure to inject the venous vase was due to a lack of

a common venous pathway.

Fhe Umbililcal Avtegxies

During a study of the subendothelilal cushicns in
human foetal wmbilical arteries, Monle (L945) noted the
presencs of adventitial vessels in the intrea-abdominal
umnbillical arteries of 167mm, embryos, and concluded

that the mural vessels oxiglnated from the anterior
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abdominal wall and a vascular plexus ayvound the bladder

off 23%mm. specimens.

It was clear from ithe micrographs that the intrae-
abdominal parts of {the umbilical arteriles were
avascular untll the 20%th week, and that the cxiraew
abdominal parts Were devolid of vasa at all ages.

In the 20th week 1% was found that an irregular
plexus of vessels, 20#309 in diameter, surrounded the
iliac avteries, and digtributed a fine network of vasa
to the adventitvia of the proximal 0.5 ems of the
ultbllical artewes, leaving the remainder of the vessols
avascular (Fig. 295).

Between the 20th-28th weeks the periadventitial
networl of vasa had increased in density and extended
to surround the proximal lem. of the umbiliecal arteries

(FPig. 296).

Examinatian of the micrographs showed that between
the R3th week and toxm, a plexus of avterial vasa,
20-40p in diameter, was dlstributed to the umbilical
axteries from the eplgastric arteries in the anterior
abdominal wall (Fig, 297).

It was evident from the micrographs that the

neonatal pattern of vasa was a@tainad in the 34th

weel, mural vessels, 40-50u in dlameter, belng



distributed to the advenutitianl layeg off the proximal
and distal ends of ths umbillcal aviberies, with an
inbermediate aéasculér poxrbion (Flgs. 298~299).

In the neonatal utmbillical erteries the picturel
altered, In the firét forty eight hours ithere wasg
noe change in the §a$a vasorum.  Theresafter, it was
cleay from the milorographs that the arterial vasa to
the umbillical arteries Irom tﬁa internal iliac and
eplgastyrlc értarias atrophied; untll by the tenith
day only the proximal lom. of the umbilical arterial

wall was vasculavized {Migs. 300-302).

The present study has shown that the pattern
cand distribuitlon of the vasse vasorum in the unmbilical
arvteries alitered in intrauvbterine and postuabal Life.

Although Monile's observation that the intra-
abdmainal part of the umbilical arteries recelve vasa
was conflimed, ne ovidenco was founﬁ suggesting thak
vasa oridginated from the vascular plexus avound the
bladder,

In thils study Lt was demonsirated that the vasa
vasoirum to the proximal 0,5«lcams of the intra-abdominal
part of the umbilicai artervies ériginatad as branches of
the mural plexus on the internal iliac artexry in the

twentieth week, the distribution being completed din
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the {wenty-ocighth wooks In addition vasa were
distributed to the dishal end of the umbilical arteries
from the twenityweighth weel and the neonatal picluire
wvas demonstrated by the thirbty-fourth week.

An avagscular aven of varving length was found
hetween the vascularised extremities of the asaxterisl
wall.

In neonatal life the xapldity with which the
vass vagorunm receaded fyom the distal end of the
umbilioal artexry was marked, the wall being avasoculaw
by the tenth day, In contrast, although the density
of the mural plexus was reduced on the proximal poxt
of the vessel, a small poxrtion ef’the wall retained
Vaga vasorile It d1s suggosted that this ig thoe part
proximal to the point of ohliteration, becoming the
origin of the superior wvesical aritery.

The rapid disappeayrance of +the vasa wvesorum {xom
thhe wall of the distal part ol the umbilical artery was
intevpretaed as an elfect of the musculaxy contraction
which oceurs in the dimmedliate postnatal 1Lils,

In this worlk the vasa vasorum were found to be
confined to the adventitial layexr of the arterial wall,

Abtempts to demonstrate the venous vass Failled.

It is possible that the venous vasa of the proxdmal and



distal ends of the wabilical arteries are tributaries
¢f the plexus of veins on tho pesterdioxr and aniterior
abdominal walls wvespeciively, and that laclk of o cowmon

vonous pavhway prevents injection.



3%

PART VI,

MR RIS LR e

LEESTOLOGLOC AL, OBSERVATIONG ON

VIESSILE

AN THE ARTURIAL WALJL.




154

RARE VL.

et

HESTOLOGICAL OUSIGWALTUNG 0N VIS8

AN LD AUTLDIRCAL, WAL,

All the arteries examined raddologically were
investigated by wroutine histologilcal teahnigues and by
Pickwortht's method to provide controls and a critical
comparison of the vairdious mevihods and their yesulta,

The arteries will be considered in the same oxder

as the vesults were recorded in Parts LLL, 1V and ¥V,

Pogtnatal Arteyigss

lHistological examination of these avteries showed
the routine appearances of the vasa vasorum in the
adventitia,. Confined to the adventitia at birth, the
mural vessoels could be scen pencitrating the nmedia at
the same chronolegical intervals dosoriboed previously,

ut it was not pousslble Lo demonstrate vasa in tho

inner third of the media in the aorta (Figs. 303 « 306).

Yogtgl Axteries.

Regults with tho foeltal avtexies confirmed the
radiologlecal obsewxvabions bthat vasa vasorum were
confined to the adventitio durxing intranterine life,
vascularisation of the wall being demonsitrated at

corresponding times {ifigs. 307 - 308).



Arteries showing Adaptilve Changes at Bilrth,

The presence of wmural vessels was confirmed in the
adventitia of the wall of the ductus arterilosus fiom the
20th weols, in postnatal Life, however, it was nev
possible to demonstrate vasa L the dnner medla duning
the neonatal poriod, while in the infant and childeoens?
gpecimens mural vessels could be defined with less
freoeguonecy than by radiological techuiques. In adult
speclinensg occasional vasa could be =seen in the adventitio,
conflrming the radiologlesl observations (Figa. J09 311}.

The presence and digiribution of the vase vasorum
in the umbilical arteries was conflrmed by histologilecol
methods (Figs. 312 « 3L3),

Lo this sbtudy, routine histologiloal technliques,
using Mallory and Masson siains, wepre combined with a
method for staluing the wed cells in the vasa vasoiwm
(Pickworﬁh’s method) in order to compare these zvesults
with the radioclogical obsorvations.

While the presence, depth of penetration and btime of
appearance of the vasa vasorum could be indlcecsied by

[ these metheds, no precise concepition of the origin and

ratbern of distribution could be obbained, and it was

impossible (o differentiate the arterial and venous vasa.
In comparison, the radiological technique afforded

an oppoviunity of examining ithe patfern and distribution
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of the mural vessels, giviag visual evidence of their
origin and actual morphological appearvance in tho
arterial wall without histological preparation, and 1ts
inevitable distortion of normal tissue. As lndlcated
by the X-ray milcxroscope a fuller picture of the vasa
vagorum ls obtained and more of the vascularizatlion of
the artevial wall is observed, although the possibility
of false channels being injected can not be zuled ouwb.
The impression, in this work, was that when a false
channel was opened up, an unmistakable irregular outline
was recorded on the micrograph, and such specimens were

ignored{pig, 3Th),

o e




137

PART VIE.

CONCLUSEONS .
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‘CUNGLUSIONﬁ

The technical difficulties encountered in
demonstrating the peatterns of the vasa vasorum
coustltute a limitinglfnutor i studyling the vessels
in the arterial wall,

Nepay microscopy presents s method which
oircumvehts some of th-me problemo. Ebs advantage.

il thatv unfixed material can be exauined in full thdlckness
prepavations with the wvisualisation of smaoll artexrioles ou
capillayies,Xn vhis study the paviticulate diamoetexr of
HMiciropague, which was O.b5p or less, allowed the mural
veasels to be Filled, and at tho same time provided an
injection medium which was sufficlently radlo-opague to
prévida conbirast, Undexr the pressures utilised, the
indection entered the vasa vasorum frecly aond did not
extbravasate into the axterial wall.

On the oither hand the technlque deponds upon an
injecition method with all the hasards of incomplese
Pllling of the vessels, anid an avascular avea can be
vepgavded as one wihlcelh hnes nobt accepied the injection
meddiie Dowe wmisht regard ohservabtlions on areas
reported avascular as invalid, only revognising a

description of what has actually been Injoecied, Lu



this wowrk, the egpiterion for aceepiling an area as
QVQacuiaw in. foedbal avterics and adult aorite wae the
repeated failure o dntroduce the iuj&uﬁion me ddam
into the arierisl wall under conditions which £illled
capiilary beds elssvwhere du the soame spaoimell.

In contrast to iunjeosion methboda, teclhinilgues

which requiro the staining of red vells {(Picdowrth, 1994)

LN

‘1

dapend upon the uniform f4lildng of the capillarlies with

rad blood covpuseles at the tiwme of deazh, Demopnsatraition
)

of alkaline phasphatase in the eundothelial cells of

biood vessels {Schavrer, 1950) vequires histological

preparation aml does not allow the Cull pattern of the

Vassi vasoru ﬁ& e apprecianted, in contrast Lo the

woutbtdine x«ray micrograph,

The Adults Avtexial Vall:

In the arterial wall of adults {injected with
Micropague within eight to twelve hours of denth) the
results showed thav the oviglin, distribution and
chavacterigtic appearance of the arteriaeil and venous
vasa could e visualised din full dhickuess spocimens,
and lmin, thick sections.

As indicated by the x-pay miocroscope the
adventitial arterioles were Prequently coilled op

Lortuous as they lay in the arverdal wall, and this was



intaerpreted as a defonece mechanlem agninst tle streich
offect of ayatole, It wae found that this characteridsilce
of advgntitial arterioles was most notlceable in the
acrta,; covonary, xnot of neck avieries, proxiual Iimb
arteriecs and the pulmonoxy trundi,

In the morve distal avtevics, such as the radlaly, Tibiw

cr basdilar avterles, the colliang was vreplaced by a

sinuoslity, whiclh Jdiminlshed and Sinully disappeaprcd,
leoving stradght arterioles. Pinally, veasals wilh

a diameter leugs dhnn P2mu. dld 1ol posgess vasa vasoruliae

2, .

Partlicular attontion was paid to the depth the

gase vasorum penetrated the diffeyent avierdal walls,
and an evaluation of the laver in which the capillary-
venule bed lay was made. Yxamination of the micrographs
showed that in Hthe aocrita Tho capillaxy-venule bed Lay in
+he innerw third of the media, and that as the moype
peripheral ariteries were reached 1t became moro
superficial dn the arfexial wall, ualtil in the distal
imb arterics ounly bthe adventiitia was wasoulavized,
Corbain speeial Ffeatures emergad in the patibern and
distributiocn oif the arterial vasa. In the wcoronary
arteries a longitudinanl and elrceulsxly arrauaged set of

arvteriocles layv in hhe owiter third of the medla, while

in the adwentitia of the aorta well defined avascuvliar



areas weie demonsitrated av the proximal and distal
ends of the aoritic avelh and on the posterlor aspeat
ef the thoravic aoria. It wos suggested that the Lwo
gebts of arterioles lu the wall of the coronary arberies
had a speciiic functibn providing a continuous blood
supply to the vessel duzxdng the varyiang pressuwre effects
off the caxdias cyvele, #Hhe circulay set being loss
coupregsed duriog systoies. The avasculay aveas in
the aorbic arch wall wore regavded as potentisi
weaknesses in the arteridal architecture and corrvelated
wiélh the cgceurvence 0L aocwtic ansurysm in these 91308,
The poerly vasorlariged posterior aspect of the aorta
was interpreted as the r&&ﬁan for the difficultioes
oncountered in proximal aceviice grafbing, in comparison
to fthe good results of Psaddle graefts? at the wolil
vascsularis ed avritle blfurcatior.

With age the most significant changoes in the
adventlitial axteriolos were inersased codling, and an
increased vascularity du the wall of coxbaln arvievies.

The venous vasa were found to consist of drregulaw
plexuses, alithough well dofined laongiitudinal channels
were fovmed on the ascending aorta snd pulmemary trunik
with cirveumfeyecunbtial wvaians dyaining the adventitia of

the descending soxrta.
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The predominance of 4he longiftudinal venous
channels on the concave aspect of the ascending aorita and
concavity of thoe aortiec arch was inherpreted as a
defence mochanilsm protecting the veins against occlusive

effects of sysbtole, thus peomuitting continuous drainage.

Neonatal, infant and Childrens'! Arterdal Walli

The characheristic feature of the avterial wall in
this age grouwp was: the dense irregular plexus of
artericles wihilch exisbed at birth, apart from the
descending zorta in which a spiral pattern of arteriovies
ogcurrod,

Ag dndicated by the xeray mlcroscopo, the developnent
of the vasa vasorum ioliowed a deifinite chronoilogical
pattern in the artorial wall, |

By fthe eund of the firvst veour the arteryial wall was
leas wasocular oand the templaten of adull patterns repluaced
the neonatal xnd infandt plexuses in the second yeanr,

By +the f£fifth vear the adventitial arteriloles showed
increased sinuosity or coiling idn the asorta, pulmonary
trunk, root of neck owwvtevies, cosmon iliag and 1imb avterie
Moreovewr, the outer third of the medda began {o be
vagcularized Ln the fourth vear in all thesge vessels
axcopt the limb nrtorvies.

Little aitaratiun in the pilcture cccurred untll

the tenth yvear when the remainder of the media, in the
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arterlies alveady discussed, was vascularised. Atout
this time +the coronary and proximal arﬁ@rial wall in
tﬁﬂ Limbhs was penctrated, and between the thirﬁeenth
s fifﬁeenﬁh vear this provess was coupleted dn all
the arberies examinod.
The fifteonth yvear also saw the conplote devalopmentd
of the adult patiemrns in the adventitial arteriolos,

Phe Foetal Avboewial Walls

The aortn and pulwonaxy touaek were exawmiced in this
age group, awkl the micrographs showed ithat a
cliironological sequence affected the development of wasa
vagorum in differeat parts of the avterxrial wall,

Ag dndicated by the Zeray mlcoroscops the avrta was
avaseulay wntbil the twelfth wesk and the pulmonazry tiunk
until the sizteenth weolk of intraunterine Lifo.

Thereaflter,the charvactoerdstic mural patiern was
an irvegular plexus of wvussels, which first appearad
orn the abdominal éarta Ly the reglon of the renal

érb@riem. apren&ing proximally and diggally, <thia
plexus mmirwz:eu;iﬂ.ed the lengih of the desconding aoxria
hy the sdxtecnth weel, with separate plexuses appearing
at the base o the ascending acivba and summit of the soriie
BarCiye

By the ifwenty eighth week it was possible %o
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differentintve belbween the arvierial and venousg voaga,
the veinsg retaining an iryveogular plexiforn appoarancs
untll torm,

Prom the twentlehh weelk a spixal patitorn of
artorial vasa could boe deuwionstrated on the abdominal
norita, which sprend later 4o bthe thoracie aoprta, An

irvesular plexus of avterioles was retalned in the
remoindsy of thae aorta.

Tho neonatui pattern of vasa wag achileved by

tine bhdety second woell on the descending aorta and
tThe Hhizdy fourth weell oun the ascending aorita and srelh.

Throughout dlabyrantevine Life the vasao vasoruwa
wore confinsd Lo the adventibin,

The pulmonaxy trunlk posseosssd an Lrrogular plexus
of vegasels avound thae base from the sixteaenth week,
aund this grodually extonded to suryouand the enitiye
length of the wvessol, the neonaial appearancce being
develeped by the thirty fourth woels,

Artoriecs ehowiwe adaptlve chnnges at bhirths

Farrur

The ductus arteriosus and umbhililical arteries werwe
exomlned in this pgroup.
Until the twentdy elphth week the ductus was

avascular, Thereafter an adventitial plexus of

vesgsels was dlastributed Lrom the Internal mamuaiy



arberies, ascending and thorasclie aorts; the neonatal
appearance beling domonasirated by the tvhixty fourih weelk.

The speed with which the foetal vessels developed
in bthe wall of the ductus arterdosus contrasted sharply
with the slover develﬁpmanﬁ in the soxyita and pulnonscy
Gl

Afver blyth, the duactus asrieriosus was progressively
vascunlaviged din all ids layers, the proecess bheing
completed in the third weslk of pogitnatal Llife, ‘The
tdesue ococluding the lumen was also vesculavised,

Paoun bthe fourti veel a progressive ischaemia
affected the inner layexrs of the wall: vantil by the ond
of the fivet yvear only ths adventlitia was vascularisned
agaliil,

Tho wapid va&culari%ﬂtiom of the ductwus became
maxiwal In the third week of postnatal life coinclding
with the time of funciilonal olaosuve. Lt wan
suggoested that the dingrowih of wvasa vasopun to all the
lavers of whoe ductuns was a prelude to theoe vaﬂuularizﬁtiaﬁ
of the vissue occiluding the lumaen, thus allowling the
ciroulatory voule to be adapbed.

As inddcated Dy the zm~ray microscope the aoxitic
nalf of the ductus arteridosus beoame avasoular From the

Fifth veaxr,; and fyrom the tenth vear the vessels in the
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pulmonairy half diminished,s

Brxamination of adult specimens showed that only
three were vascularized, the vasa being confined to the
paluoniary halfl of ithie vessols in all cases.

The umbililcal srytevios were also avascular until
the twentideth woeek, when vasa woere distributed to
the proximal and distal cuds of the inbtras-abdominal pavis
from the illiac and eRigastric ariterdes respecitivaely.
The exitra-sbdoninal parts oi the umbilical arteries
semalned avascular,.

By the thirty fouxth weel the neonatal patterm of
vasa had developed, showing an adventliial plexus of
vessels at the prozimal and disdtal ends of the intiae
abdominal parts of the avteries, wiith an dintermediate
zone which was avasculai.

Forty elght bours afier birth there wes a rapid

-

ischacmia in the distal parid of the umbilical arteries,
but the proximal part of ithe vessels ypetalnod wvasa
vasorum, and it way suggested thet thls poritlon
became the oxdigin of the superior vesieal ariery,

The rapid lschaemia on the advenitltis of the
distal port of the aritery was intorproted as an offect

of the strouny contracitlon o0f muscle occurring at this

time dn the wvmbilical cord.



in closing, therofore, 1Lt can be said thab

vascular sbudlics may be undertaken wilth injectlon

teclindiques or by stoiudng the red cells. Stadnding
methotds are pardticulariy sultable for dnvostigating

adaptive changes in vascular patitermns under vayyving
conditions, giving a btrue plceciure of the actual
physiological state of the cilreulation at that L Lpio o
Injeootion methods, in contract, preoesent the vasculaw
pattern at its maxdmmg capacliy, and are sulted fox

purely anstonical investigations. Faow this waason, along
with +the techumiical advances of x-yay wiciuoscopy, the

vasa vasorum of the Poetal muxd postnatal aptoirinl. wall wopo
invesbtignted by thils method, and 1t is suggested thet

1t is a techmigue which has applicatleon in the study

of "Blood Supplies" at the level of small arterioles

and caplllarvies.



o

ta

O
—

i

SUHMARY

Yhis thesis dis entitled "Some observations on
Vessels in the Arterial Vall'” and is concerncd with a
atudy of the vasa vasorum in thwe aovbaiy ocoronary
arteriesy pulmonaxy truuk and arteridessy arvtorics of
the reot of uneck; basilar and cerchwal aviteries;
iimbh arteries, duoctus acvteriosus and umbilical arvieries,.

Poatnatal specimens were examined from birth
to ecighty vears oX age,; to compare the charvraciterisiic
pattern and distribution of Cthe vasa vasoryuwsm im the
arterial wall and the changes which oocux with age.

Foetal spocimeuns werae oxanined ito determine when

the axterisl wall ceascd being dependent completely
upon luminal blood for nourishwment, and to compare
the prenntal pettorns and didgtributlion of the
intramareal vessels with the postnatal microcilrculation.

The wmbllical avteries and ductus arteriosus
were chosen as examples of arterdos showlng adaptive
changas at blrth, and the effect of thiis on the vasa
vasorum was considered.

Both foetal and postnatal arteries were injeocted
at physiological pressures with a radio-opague
medium {(Micropaqgue) and examined with the Coslett Nixon

xeray projectlon microscope. This instrument produces
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a point source of x~rays from a metal target, which
penetrates the full thickness arterial wall, and
allows examination of the specimen without rouvine
histological prepavation, in contrasi to previous
investigations,

In ench artery the alm of the examination was
to differentiate between the ariterial and venous
sides of the mlcrocireulationy exanine the
characteridistic patterns of the arterial and vonous
vasaj determine the depth fthe intramirel vessels
penetrated; and dinvestligate the eiffeoci of age on
the dewvelopmont of vasal avechltectuirc.

In intravterine Life it was fowmxd that vasa
vasorum flrst appeared on the abdominal aorva, and
that the neonatal paottern had developoed in the
raméind@r of the aoeritioco wall and pulwmonary txunk by
the thirty fourth week, all the vasa being confined
to the adventitial laver.

Postnatal devolopment of the wvasa vasorum was
characterised by the tomplate of adult appearances
being formed in the adventitlia in the second yeawr,
and penetration of the medlia from the fFourth year,
with vascularigation of the arterial wall being

completed by the fifteenth year,
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Arteries showing_adaptiva changes at bilrth
wore vascularized in the latey'weekm of pregnancys
showed the neonatal paﬁﬁern ﬁy the thirty fourth
veel, and were characterised by. & rapld lschacmia
after birth.

Prom thoge findings the dmportance of the
vass vasorum in relatlon to the haomodynamics of the
clyreulavion as 1t affected the arlterial wallj the
formation of aortic ansurysm and aovitic grafting,

and the oxtent thoe arterial wall was Vaaeulﬂrized

by vasa vasoyum was disoussod,.
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APPENDIX

Portions 6f this thesls have boen submlitted and

accepited foir publication dn the following Journals.

l. An Xe~Ray Mlceroscopic Study of the Vasa Vagsorum in the
Normal Human Ascending Aorta, Br, licart J, In Press,

2. An X-Ray Microscopic Study of the Vasa Vasorum of the
Normal Human Aortic Arvch, Thoraxe ITn Press,

3+« An X-Ray Microscopic Study of the Vasa Vasorum of the
Norman MHumen Thoracic Aortas 4. Anat, und Entwickl =
Gesch. In Press.

4, An X~Ray Microscopic Study of the Vasa Vasorum of the
Normal Uuman Coronary Arteries. J. Anat. Lond., In

Prass,.

R

. An X«Ray Microscopic Study of the Vasa Vasorum of
the Normal Human Pulmonary Trunk. Acta. Anat, In
Press,
6. An X~Ray Microscopic Study of the Vasa Vasorum of the
Normal Human Intrahilar Pulmonary Artexrices. Thorax.
In Press,.
An X~Ray Microscopic Study of the Vass Vasorum of the
Normal Human Uppei Limb Arteries. Acta Anat, In
Press.,
An XeRay Microscople Study of the Vasa Vasorum of the

Normal Human Lower Limb Avtories. Anat. Anzedg,

In Press.




G. A X«Ray Mlcroscopic Study of the Vasa Vasorum of
the Normal Human Root of Neck Arterics. J. Neurol.
Scd, In Press,.

10, An X«~Ray Microsoopic Study of the Vasa Vasorum of the
Human Duotus Avrtevriosus. J. Anat. Lond. Submitted

f'or publication.
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BAPLANATION OF PLATES

ALYl micrographs arve of full thicknoess agvterlal wall,
except where indicated.  The long azds of ithe arterial
wall in full shickness micrographs is denoted by the aryow
at the side or base of the proajection micrograph.

Pie., L.  Milorographh of pscanding aorta showlng
arteriocle (a} eriginating frow the pipht ceronaxy ogtium
{0} to distwibute branches (b)) to the adventitia (v).
Lumen of coyonary ostiuwm (1). x 20,

Mee 2. Mlevograph of base of asconding sorta (A)

of Left coronery arbery {(b) disteibubivg arterioles (a)

to the adventitia {v). x 20,
Plg. 3. HMleoropraph of ascending noria. . Nota

longitudinal coiled arviterioles (a) supbnlying e
adventitia (v). = 20,

Plges 4o Micwograph of ascending aocrita showing trosge
anastomosis {a~s) between the arteriolos (a) in the

adventitia (v). . x 20.




Piges 3. DHicrogyaph of lmm. tiransverse seetion of

the ascending aorin. Nodte arteriocle (a) ponatratingy

the advensitia (v) to divide and supply the outor bwo

thirds of the media {mi). Inner third of the media
(:m2) asvasculoar. ® 15
Fige G, Micrograph of convex side of the anscends-

ing norta. Nete adventditial avterioles (a) and
iuercased codling (o). ® 20,

figs Ye HMicrograph of the aocritie-~ventricular
Juneticen (J) showing coiled arterioles {(al) originating
from verminal branches of the left corvonary artery (b),
and avborisiug with avterioles from the left covronapry
ostiuvm {(22) in the adventitia (v). sorte (A):  deft
ventricle (V). 3 RO,

Pipme 8o Miecropraph of bLuma. loungidbtudinsl sectlion of
the ascending aorta. Note axteriole (a) pﬁnaﬁratiug
pdventitia (v) to divide and supply the outer two thirds

-

of the media {(mi)e. Inner third of the media (n2)

avasenlar. % A0



Pigze Qe Micrograph of asconding aorita showlng

vonous tributaries () dyaining into longlitudinal veins

(1) in the adventitian (v). Cross nnastomotic vein {o).
x 30,

Plge 0. Milerograph of lwmme. lLongitudinal section of
the ascending aoria. Nobte ovigin of venous plexus {(p)
in the immer third of the media {mi) draining through the

outer btwo thirds of the medin (m2) to the adventitial

valnsg (v). Lotime (:i.) in avascular. A5 50,
Pige.ll., Mlcocrograplh of arch of aorin, Note artericle

(u) originating from thoe ostium of the brachioe-cephalio

trunte {0) to distwibute coiled branclhies {b) te the

adventitia {v) of the swanit of the amortic arch(s). x 30
Tigel2. HMicwograph of the side oi the aovitic avch,

Hote minuous arterioles (o) in adventitia (v) arising

from berminal branch of the bronchdal artery (D). % 20

Yy i



s
s

13, Micrograph of lmul, transverse scoabion of
the aortle archi Note arterioles {(w) penetrating the

adventitia (v) to divide and supply the outer two thinds

of the media {mi). ¥rnner third of the medla {m2)
avasculairs X @5

Plee 4% Micerograph of the summit of the aortic
arch(s) showing the adventiitial venous netwvork {(v)
draining inte venous channel (c) onn shde of the sorwlce
arceh (a)e x B,

Pige 15, HMiovograph of the side of the aoritlc avrch,.
Note adventlitial venous notwork (v) draining lnto
tributariecs of the bronohial wveilns (). x &0,

Meg. 16, HMHicrogreaph of lmm. Longltudinal sectlion of
the sortic arcl, Fote the origin of the wonous plexzus {(p)
in the dinner bthivd of the medda {(m) draining iunto
tributary {(t) of the adventitial veilns. Intdma {4)

avasonlar. x 300,



Pige. 17. Hlierogiraph of the bhoracic aorita. Note
avteviole (o) originating from intercostal arbery (i) to
be distributed to the adventitia {(v). x 26.

Plge L8e HMilcrograph of the thorscic coxitn showlng
Longitudinal avterdolar ploxus (p) in adventitia (v),
Proximal artericles (ail)s distal avierioles {al);
anastomoses of two sets of artorioles (awa) 1B

Phge 19, Hicrograph of lmm. transverass sectlon of

Lthe thoracic aorta. Note arterioles (a) peneitrating
the cuter two thirds of the media {mi). Lupner third
of the medlan {(m2) avaseculan. K 20,

Pig, 20, HMilcrograph of tho thoracic aorita. Mote

circunmferential veins {¢) in the adventitia {v) woceiving

tributacies (L) % ho,



Pig, 2. Micrograph oif lmm. longitudinal seciion
of the thoraclc aonrta,., Note origin of venous plexus [(p)
in the inner third of the media (mi) draining into
adventitial tributaries (L) in the outer two thirds of
the media (m2). Intima (i) avascular, Lamen (L)
lapillary-venule bed (cev). x 50,

Fig. 22, Micrograplhi of abxiominal aorta showing
arteriole {a) oviginating from lumbar artery (1) to
supply adventitia (v). x 25,

Pig. 23, Micrograph of abdominal aorta showing
sinuous arteriole (a) in the adventitia (v) of the
anterior aspéct of thte aorta. ® 30,

Fig. 24, Micrograph o the aortic bifurcation.

Mote ariteriolar ploxus (p) in adventitia {v). Arterioles
from Lumbar artervies {ai)s arvterioles from inferior

mesenteric artery (a2}, i 256



rig. 25. Micrograph of abdominal aorta, agoed 05
years, showing coiled arteriole (&) originating irom

oatiam of coeliac axig {0} to divide and distribute

branches (b) to adventitia (v} x 20,
Mg, 26, Micrograph of aoritle bifurcation. Note

arterioles (2) in the adventitia (v) of the aorta (A)
and common Llliac artery {(8). % 25
FPig. 27 Micrograph of lmm. itransverse section of

the abdominal aowrta showing arterioles {(a) penetratbing

the outer two thirds of the media (i), Inner third
off the media (m2) avascular. X 2%,
Pig., 28, Miecreograph of abdominal aorta. Noto

circumferential veins (e¢) in adventitia (v) receiving

tributaries (t). Gompare Fig. 20. x o,




Mlg. 29, Hicrograph of lmm, longlbudinael seetion
of the abdominal acritn. Note ﬁwigiﬂ of wvaenous ploxus
(p).in the inner third of tho media (wmi) dreinding into
tributaries {t) of the asdvontitial veins in the ouber
fwo thirds of the modia (m2). intima (1) avascular. # GO,

g, 30, Micrograph of righﬁ compion, iliac arbery
showing sinuous oarterioles (o) in the adventitia (v).

# 30,

Plge 31ke Hlicrograplh of lLwm,. transverse secition of
the leit common iliec artbery showing artexrioles {(a)
penegtrating the adventlitia (v) to divide and supply the
outey thivd of the medin (m). Middle thiecd of the
media {my) is avasculas, x 50a

Piloe. 324 Microgrmﬁh off the ledt common illac artery,
NWote adventdtisl venous nebwork {v) receiviug

tributardes (L), o Hoy



?

Flegy 353, HMicrograph of L, longiitudinal sectlon
of the right common ilinc aribeny, Notae coxrigin ol
venous vasa (v) dn the wdddloe thivd of the medla (m:‘i.}
deaining into tribuitaries {t) of the adventitial velins.
faner thicrd of {the media (su.?;_) v asculanr, x LOU,

Mee 3. Micropraph of lum. ftransversoe sccbion
of the ascending aocola. Juta avteriols (;.1??.} oviglinating
Prom the intimal stoma {(s), sravewvsings the 4dnetlwa {4)
to arborise in the media (m) wiith branches of ihe
adventitial arterioles {(a2).  fumen of the sorta {L).
M 15,

Fig, 3%, Hicrooranhi of tho thoracle aorxta showing
tiw adventisial veins {v) an tho dorsal aspect draining
into civewafesrential vein (o). Note avascular avres (4).
% ho,

Fig, 16, Milerosraph ol thovacic aorta showing
poorly vascularilzed ares on e dorsal aspect. Nobe
longdibudinal advenisitial arterioles (a) and avascular

area (A). x B0,



fhge 36a, Micrograph of fthoe proximal ond of the
aovitic arche. Note the arterioles (a) £yom the sumald
of the aortic arch {A) and the arterioles (al) Ffrom the
ascending aorta (B) in the adventitia (v). Avagsoulan
area {(c). x G,

Mge 36b. HNicrograph of the distal end of the

aovtic arveh{A).Note the arteriolos {a) from the spummli

of the acrtic arch and the avtericles {(al) from the
thoracic aorita {7T) in the adventitia (v). Avagoular
avea {o) A

Plg. 30c. Micrograph of the Juncitioun of the
thoracle eovita {71) aund the abdominal aoxrta (B). Note
the arberioles (a) from the thoracle sovts enanstomosing
(awS) wilth the arterioles (al) from the abdominal,

DO T Adventitio {v). ® 20



Pige. 37  Mierograph of left coronary ostium (0)
showing origin of aritericles (a) and their distribution
to the adventitia (v) of the proximal lem. of the left
coronary artery {(e¢). %X 20,

Pig. 38, Micrograph of proximal lom, of right
coronary artery. Note longitudinal coiloed arterioles
(a) in adventitia {(v)., x 35.

Fige 39, Micrograph of Ilwmm. longitudinael section
of the left coronary avtery, proximal lom. Nota
arteriole {(a) penetrating adventitia (v) to divide and
supply the outer third of the media (mi). Micddle
third of the media (m2) is avascular, x ho,

Pig. 40. Micreograph of yvight coronary artery
showing indirect arterioles (ai) approaching the coronary
wall {(w) to divide and supply longitudinal arierioles (a2)

to the adventitia (v)a x 20.



Phes 41, Micrograph of left coxonary avhery., Note
the origin of dixect avtevieles (al) from o colliateral
brancih of the parent artery (o), and the lonpibudinal
artericles {a2) in the adventitia (v). % 25

Plge. 42 HMHicrograph of lum, longitudinal seciion
oF the wight coronary aritery showiuny aprteriole {a)

penetrating the adventitia (v) o divide and supply

the outer third of the media (mi).  Middlo third of
the media (m2) evasculare x 50,

Plge. h3. Micropgiaph of lmm._trmnsvgrﬁ& secbtion of
the left coronary artery showing dirvealt arteriole (a)
originating Troam collaterval branch of the eoronary aprtery
(c) to supply the outer third of the media (). Middle
third of the medin {(m2), and intima {1) ave avaseuluar.
Lammen (). x 4G,

Pig. 4%, Micvograph of right covonary arhery.
Note venous plexus (p) in adventitia {v) dreaining ilubo

a bributary of the adjacent ventricular veins (6). % 5306



¥Yige. 4%. Micrograph of lmm,., transverse section of
left coronary artery showing the origin of the wvenous
plexus (p) in the widdle third of the media (m) draining
into a tributary (t) of the adventitial veins (v).

Inner third of media (mi) is avascular., Capillary-venulo
bed (c-v). %1 00.

Plg. 46. Micrograph of proximal lem. of the right
coronary artery and ascending aoria. Note longitudingl
aortic adventitial veins (vi) receiving adventitial
velins (vz) from coronary artery. Aorta (A): coronary
artery (B), x 60.

Pig. 47. Micrograph of lmm. transverse section of
lofi coronary artery aged 60 years,; showing the
arteriolar plexus (p) in the middle third of the media
{mi ). Inner third of the media {(m2) avascular. % B0,

Mig. 48, Micrograph of right coronary artery showing
coiled arterioles (a) in the aﬂvéntitia {v). Specimen

aged 65 vears. % 20,




Pigs 49, Micrograph of the aortic-pulmonary groove
{a-p), anberior aspeot, Wote mftcriala (o) distributing
branchos (b) to the adventitia of the pulmonary tiunk {v}.

W lg'fie

Plege 50, Microgyvaph o the convex boxrdoer of the
pulnonary trunlk showing Longitudinel coilaed avitericles (a)
in the adventitia (v}, B0

Wigme Bl Miarograph of the pulmﬂnéwy trunlk, anterioy
aspect. Note arvteriolar networks (n} in the adventitia {(v).
K 25

B

Fleg, 52, Hicirograph of the pulmonary bhilfurcation,
anberior aépﬁnﬁ {A)a Note termination of arteriolax
plexus (pi) from networks on anﬁarior aepeet of pulnonayry
Itrunkg aﬁd tewninal arteriole {p2) extondlng onto anterior
aspeet Lfrom the dorsal side of the pulmonaiy ﬁrunk%i(m),

H 3 e



Pige 53, Micrograph of the rigbt pulmonary arhtery
(r). Note the coiled arterioles (a) in the adventitia
(v) and terminal artericle (t) ou pulmonary hiifurcation
(zz.)-. X 35

Fige. 5%, Micrograph of lum. longitudinal section of
the pulmonary bifurcation. Note the arterioles (a) in

the adventivia (v) penetrating and supplying the outer thinrd
ot the media (m). Middle third of the media (mi) is
avascular. x 40O,

Fige. 55 Micrograph of the base of +he pulmonsry
tirunlk, Note the coiled arterioles (a) in the adventitia
(v) originating from a terminal branch of the right
coronary arsery {(h). % 20,

¥ig. 56. Microgiraph of lmu. transverse sechion of
the base of the pulmonary trunl. Note the arterioles (a}
in the adventitia (v) penetrating and supplying the outer
third of the media (m). Middle third of the media (mi)

is avascular, X 00,



Phae B7. HMierograph of the pulmonary bifurcation,
anterior aspoct. Note the origin of the adventitial
venous plexus (p) draining into longisudinal venous
channels (c¢) in the adventitia (v). x 50,

Fig. 58. Micrograph of limm., longitudinal section
of the pulmonary trunk,. Note the origin of the wvenous

plexus (p) in the middle third of the media (m) draining

into tributaries (t) of the adventitial veins. Ianew
third of the media {mi) is avascular, Capiliary~-venule

bod {cev). %100,

Fig. %59, Micrograph ol the anterior aspect of the
aortic pulmonary groove {a-g). Note. the adventitial
fein (V) receiving tributaries (%) from the aortic
adventitia (v), and tributaries (ti) from the pulmonary
adventitia (vi). X 55,

fig. 60. Micrograph oif the right pulmonary artery.
Note the terminal arteriolar branch ol the breounchial
artery {a) approachiang the wall of ithe pulmonary artéry
{w) obliquely to divide and distribute arterioles (adi)

to the adventitia (v), X 50




Pihge 61. Micrograph of ithe lefit pulnonary artery.
Mote the longltudinnl colled avtenioles (a} A bhie
adventitia {v)e. w20,

Plegze 62. HMilorograpli of the might uwpper lobay

pRIBON2ALY ooy Note the longitudinal sinuous
artevioles (a) in the adventitin {v). # ho.

,

Pie, 603, Mlerograph of a texminal bhyaneh of the

Left upper lobosr palmonary erbery. Hote the stialght
apterioles {a) in the adventitils {(v). o 20,

Fi@; 6l , Micrograph of luwm. longiitudinagl sectlon
of the left pulmonary wrbtenya Note the arteriocles (a)
ranetrating thg ountor third of the modda {(w) From the
adveniitia (v). Middile third of medie {mi) is

asvascular, Capillnvy-venule bed {e=v), m 30a



Pige 6%, IMicropraph of lmm. lLongitodinal seoction
of the middice lobaw pulumonary arbeny. Nota the
avberiole {a) in the ndventitia {v) disisribubting
vranches {b) 4o the deep iavers of Bhe advensitiafV).
Tho modia {m) is avascular, Caplllary-venuic bed {c-v).
X100, )

Pige. G6. Micrograph of the right pulmonary avbtery.
Wote the drvvegular ploxus of veins {p) in the adventitia
{v) decining into a bributary (t) of the broanchiial veins.
x b,

Pige. 07 Hicrograph of the Lingulaxr branch oi Lhe

pulnonary axrbeny. Note bthe drrvegulary plexus off velns (p)
in the adventitia {V)g x 35

Plg,e, 68, Hiecrograph of lumm, longitudinal section of
the left pulmonery wywberye  Note the erigin of the
verous ploxus (p) at ithe Junetion of the outer amdl middle
thirds of the media {(mimi) draining inte tributarvies (%)

of the adventiitinl veins {v). x BQ,



Tige 6% Micrograph of lmm, longliudinal secition
of the lef{ upper lobar branch of the pulmonary ariery.
Note the ewigin of the vanous plexug (p) in the deep
layers of the adveniitia (v). & 5G,

Plg., 70 Mlceprograph of the proximal part of tho
left pulmonayy aritery, shoewing Lbhe ineressed colling
of the arteviecles (2) in the adventitia {(v). Note the
anasbomosss (a~s) batwesn the arterioles fyom itho
pulmonaxy bifurecation (a) and the arvieriolos from the
bronchial erteries {al). Specimen aged 60 voars, 3G,

Pige 7Tle Micorograph of the brachio~caphallic tzunis (B},
Nobe the oridgin of the coiled arterioles {(a) from an
arboriole {al) on the swmuit of the sovtic aveh (S}.
Adventitia {(v). x R0,

Plge 72, Micrograph of the Junetion of the brachice
cephalic trunl (B) and the origin of the »ight subeclavian
artory (A). Note the srtericlen {(a} im the adventitia {v}
of the subclavian arbery anmstomosing (s) with the
arterioles {ai) in the adventitia (vi) of the brachiowcephalic

sirunl. x 35,



Pige 73« Micrograpix of lumm, transverse section of
the left common carotid artery. Note the arteriole (a)
in the adventitia (v) penetrating and supplying the
outer third of the media (m). Middle third of the
media (mi) ls avascular. x ho,

Tig. 4. Micrograph of lmm, longitudinal section of
the left subclavian artery. Note the origin of the
venons plexus (p) in wmiddle third of the media (m)
draining into tributaries (%) of the adventitial veins
(v} Inner third of the media (mi) is avascular.
Capillavye~venulie bed (Cmv), x 60.

Pig. 7%. Micrograph éf the left common carotid
artery (C). Note the irrvegular plexus of veins (p) in
the adventitia (v) draining into longitudinal channels
(¢), which are tributaries {(t) of the veins (vi) om the
summit of the aortic arch (A). x50,

Pig, 70. Micrograph of the internal carotid artery.
Note terminal branch of the oceipital artery (a) approache
ing the adventitia (v) to distribute longitudinal arterioles

(adi). % 30.




flg. 77. MWicrograph of the Internal corobtid avteyy.

Nebte the arterioles (a) in the adventitia {(v). Gecasional
sinnoasil iy (s} and colling (e) can be observod, % U5,

Plas 78. Micwvograph of lma. btvnnsverse sectlon of
the interanl cavotlid artoiry. Note tho arideriole {a) in

the advenbditia (v) penetrablng and suppiving the outer

third of tho media {(m). Middle third of the media {mi)
is avasoulaw, Gapillavy-venule bod {(o-v), x 50,

Filoge T Tff:iﬂa::mggs:'apiz; nf the cepvical part of ithe
ventehral ariosy. Moto the artevioles {a) in the
advontitia {(v) shnwing aginuvoalty (S) aml poeasional volling
{e)e % R0,

Pip. 80« Hicwograph of lumm. truuigversa gection of
the wvertebral artery. Moete the arteriole (a) in the
adwoentitlia (v} penotratlng and supplying the outer Lhird
of the media {m}, Middle third of the woedias {mi) is

avasceular, Gapdllavyevenule bod {cmv). % 60,



Fi@; 81L. Hilcorograpbh of the‘intrac:anial part of the
vertenral artairy. Hote the a%tewiola ()} in the
adventitia {v) from she extracranial adventitial plexus
anastomosing (@) with arterioles {ai) from the positoerior
inferior ceorebelliar srtery. x Q.

Pig, 824 Micrograph of the dntracranial past of' the
internal ecsrobid arterv. Nobe the artericle {(a) in bhe
adventitia (v) from the extracrandal adventiitinl plexus
anastomesing (8) with avtervioles (ai} From the inferior
hypephyseal arteriesa, “® GO .

Phees 83, HMHievograph of Lo, longditudinal secition

of the dntracronial porition of the internal carosid

ALLETT . Wote the Longitudinal aritericles {(a) in the
adventitia {(v). Modia (1) 18 aveasoulax. Capillarye
voennle bed Qawv}. x HO,

Flge. 84, Hicrograph of jom. longitudinel seotlon of

the intracranial povidion of the vertebiral artery. Note
. - =4 I A
tho arteriole (a) in the adventltia (v). Madla (m) dia

avascualar, Capillaryevenuln bad {(c~v). 3% 100,



-

Pig. 88. Micrograph of the internal carvotid axitery

at the bhase of the siull, Note the irregular plexus of
voins {(p) in the adventitia {(v). % 35,

Miee 86, Hierograph of the verbobral artery ait the

hase of tlie skuall, Mote the dlrregulay pleius of velns
{p) in the adventitia {(v). % B0,

Pie. @7, Microgwvaph of the inteynal coarobid artoery,
half en inch from its origlin, Note thoe incryreasead
density of the iwregular venons plexus (p) in the
atdventitia (v)a # 5O,

Mhge 88, Micrograph of the cervical pertion of ihe

vertehral aviterv. Wote the increased density of the

lrregular venous plexus (p) in the adventitia (v)e X 50



Fige 89, BMieropgraph of lmm. transverse section of
the Internal carofid artery, at its ordgin. Note the
origin of the wvemous plexus (p) in the outer third of
the moedia (m) draining into tributaries (t) of the
adventitial veins (v}, Middie third of the medis {mi)}
ls avascular, x 50,

flge. 90, Micrograph of lmm. longltudinal section
of the ceprvical portion of the vertebral aridery. Note
the origin of the venouws plexzus () in the outer third
of the media {(m) draining into the adventitial veins {v).
Middie third of the medisn (mi) is avascular. x 5U,

Pig, 91, MNicrograph of the internal carcilid aviery
at the origin of 4the anterior and mlddlo cercbral artoerics.
Note the terminal avieriolar distribution {a) in the
adventitia (v) and the avascular distal zone (). x 4g,

Fig. 92, Micrograph ol the vertabral amitery, aged
05 vears. Note the incrceased sinuosity of the arierioles

(a) din the adventitia {v). € 30,



gy 93, Mlerogoraph of the dunternel carvotlid ariery,
ot bthe base of the akall, aged 70 years, Note the
increased sinuesity of the arterioies {(a) in the

ndventitia {v). x

o

P

Pig, 9%, Micrograph of ithe Basilar artevy. Note
the berminal arteriolar broach of the basilar artery {a)
approaching the adveantitie {(v) teo digtribute arterioles
{ai). x b0,

Mlge 95, Miovogroph of luwm,s longitudinel asectdon of
the basilar artery. Hote the srierioles {(a) 4dn tho

2 N T ‘r g
adventitia (v Medin (m) is avaseulaw, i H0.

3

FPlg, 96, Hicrograph of the junction of the posterior
communicating avltery (p} and tThe basllsy awvtory {b). Hote
the terminnl ariterioloer disteibution (a) axtending o
the basilar aviery onto the adventitle {(v) of the posteyvior

communicating nrtery, w B0



Pigrs, 97, Micyogswaph of the basilar arbery, aged

70 Venrs. Mote the incroasod vasceularlty and sinnosity
() of the aviterioles (a) in the adveniisia (v). £ B0,

e, 98. Micrograph of the subelavian artexy. Note

v .

the coldled axterioles {a) in dhe adventitia (v % 5.
Piges 99, Micrvopgraph of the axiilapry arbory. NobLe

the epiled arterioles {a) in the adventitia {v). % 25,
Pig. 300, HMiecrograph of the brachial oavrtery, Hote

the coiled avteriocles {a) in the adventitia {v). x U0,



fige 10L. Miorograph of the ulnar aviery, proximol
thiard, Note HLe sinuous avrbtericles {a) in bthe mdventlitin

(V)o’ % 25,

Pig. 102, Hicrograph of the palmar poriion of the

redinl apritery. Mote the ferwminal sitralght arbexioclen
{a) in the adventitia (v), 2 20,

Mle. 3103, Hicovograph of lum, transverse seetlion of
the axlilievy avtary, Note the avteriole (a) in the

adventitie {v) penctrating and supplying the ouber third

of the media {m)., HMiddle third of the wmedia (mi) is
avasceular, 2 50

Piea 100, Miarogwaph of lmm. lopgitudipal seetion
of the radial artovy. Hote asteriole (a) in the

adventitie {v). Media {(m) is avascular. % 05,



Fleg, L05.  Mloeropwaph ol the ulnsr nvrsery, middle
third, Note the venous ploexus (p) in fthe - adlv e uultia (v}
x B0,

Fige. 106Gs Milorograph of the subelavian artery.

Note the irvegular plexus (p) of veius dn the adveutitina
(v)e . = 60,

Pige 107. HMicrogsraph of Imw. Jlongltudinel section
of the radilal arvbery. Note the origin of the wveonous
plexus {p) dn the deep layews of the adveuntiitia (v},

Medila (m) is avascular. Capillavy-venule bed {(c=v). i 75

Pla. 106, Misrograph of Lame Longitudinel sectlon

of the subclavian arteny, Note the origin of the

venous pleoxus {(p) in the ouber Sirird of the medda (m)
draining into tributariés {t) of the sdventitial veins {(v).
Hiddle third of the medla is avasoul xm(mj) Caplilaprye

varnulo bhed {o-v) % 50,



Pileg., 109, Mieceropyvaph of the brachlal artery. Noteg
thie longliudinal arteriolar chain {c) anastomosing prox-
imally (p} and distally (d)} with arvterioles {ai)oand {a2
in bhe adventitia {(v). % 20,

Pige 110G, Miczopraph of the supexiicial palmar axrch,.
Note the werminal artoriole (a) in the advontitia {(v).

% B0,

Fige 11k, Mieropraph of the subelavian syieiyv, anged

65 vears. Note the increased densdty of the arterdioles
{a) and coiling {c) in the adventitia (v). x B0,
Pig. 11l2. MNMicrograph of the Lfomoral artery. Hote

the coiled avteriocles {a) in thoe adventitia (v). 3 20,



Pige 1l3. Mlerograplhh of the popliteal arterv,

Note the coiled avteriolesz {a) in the adventitia (V). S 1

Wige L34, Mdewvograph of the ariterin profunda. Hotbe
the sinvous avierxieloes {(a) in the adventisia {v). x R0,

Fig. 1lbe HMlLovogyraph of the Lateral circunfliex fomoral
aRrtory. Nete the sinucus artericles {a) in the
adventitin {v). % 20,

Pig, 1106, lldoeropraph of the anterior’ tiblal artexny,
Note the sinuous syiuerioles {(a) in the adventitia (v).

% 35.



Fldge 117. Hicrograph of the dorvealls pedis avtery.
Hote thie Longitudinal stvaieht apltericles (a) in the
adventitia {(v}. . R,

Pigs 118, Mlerograph of lmm. transverse section of

-

the femoral anvtery, Hote the aviterioles (a) in the
ounter third of the medla {(m). Hiddle third of media
{mi) is avasscular, % B0

Pleg. 119 Hicrograph of lwmm. longitudinal scoctlion

off the posterdor tibial ar%ary. Hote the arvterioles
(a) in the adventliiia (v)a Madia {13) is avasoular,
3 50,
Plge. 12064 Micrographi of the Ffemoral arbteny. Note

the Lriragulaxy plexus (p) of veins in the adventitia (v),

% 304



Fiege 12i. DHMicrograph of the anterior tiulal artery.

Hote the irregular plexus of velns {p} in the adventitia

(V)a s l-‘fse )
Phe. L22s HMicrogwaplhh of the awvierda profunda. Note

the irregular plexus of veine {p) in the advonstitin (v).
x 50,

Pig, 127%, Hicrograph of lsm. lonpglitudinal section
af the fomoral aviery. Mote she origian of the wvenous

plexus (p)} in the outer third of the media () draining

inte tributaries {(t) of the adventitial veilns (v). Middle
third of meodin {(m) is avascular. Cepilliaryevenule bod

(em=v},e x 65,
Ple. 124, HMicrograph of L. longltudinal scotion of
the anterior tibinl artery. Note the ovrigin of +the
_ ¢
venous plexus {(p) in the deep layers of the adventitila

(v )« Madin () is avasculaxr. lapllliapryevenule bed {owv),



e, 125, Hicrograph of the popliteal artery. MWote
the longitudinal phipin of arterioics {¢) in the adventitia
(v) enastomosing prozimally {p) sad distally {d} with
artordleleos {al) and {(a2). % 20

Wig, 128, Hierogpwaph of the distal part of the

dorsalis podils artery. Wote the temminal sitraipght
arterioles (a) tu the sdveuntitia {v). % 4o,

Mo, 127, Mlorograph of thio femoral ariery, aged 55 yeurs,
Note the incresse in density and colling {c¢) of the

arterioles {a) din the adventitin (V)a X 35,



Pleg, 128, Micropgreph of the base of the ascending

aworta, aged 3 weoks, Hote the Luvregulor networlk of
arterioles (a) in the adventitia {v). X RGO,

Pige 120¢ HMilerograph of the proximal half of the
ascoending avrta, aged 2 vears. Mote the longdtudinal

ginueus artevioles (&) in the adventitia (v} repluecing

-
4

Ut

the irregulsy neonstal nctwork of avtericles (). ®

Fime 1950, Mieropraph ol the ascending aoris, aged
H ovears, Note ineyreansed siluuncesity (s) and beginning
of ceiling {c) of the adventitlal -arterdoles {(n) in the
adventitia (v). i 30,

Figs. L334, Nicrograph of lum. longitudinal sccexion

of the ascending aortno, aged 4 vears, Note arterlolios
(a)} in the adventitie {(v) dividing %o supply the outown
third of the media (m). Middle third of media {(mi) is

BYASCIILO. s 1040,



Pies 132, Micrograph ol the aseending aoris, aged

4 oweeks, Note drvegular plexus of veins (p) in the
adventitia {(v). x 6O,

Pig. 133, HMlemxaprasph of the ascending aorte, aged

L vonrs, Note venous channels (o) reeceiving tribubarics
{6t} dn the adventitia (v), ® Qi

Wig. L34%. Mlerogwdph of Imd. lengitudinal seciion of

tihwe ascendilng aorta, aged Four yveors. Mote origin of

vonous plexus (p) din the oubter third of she media {(m)

Middle ehidord

. 4 o . ) . Y
diraining dnto the adventilbial wveins £ )

* ' 3 -l o .,
of the media is avascular (mi). = LG,

Pige. 135, Microgranh of the areh of the aorta, aged

threa wéakﬁa Note drresular nebwork of arterioles {(a)
in the advontitia.{v), Sumundt of areh {(8i) nides of
arch {92), Note anastomoses (a-s) between arterioles (a)
on aortlic arch and avterioles (ai & a2) from diatal

ascending aoria (ﬁ) and thoeracle aorba (T). % 2B,



Pdg. 138, Mierograph of the summdt of 4l aovtie
arch {8}, aged 2 yeavrs, Mote artevioloes (o) and the
piliuosity of wheir hranchoes {b) in the adventitia (v).

x 100,

Pig. 137« HNicrograph ¢of the summit of the sortic

avreh (8), aged 5 vears. Note increased sinuoasity of
the arterioles {a) in the adventitia {(v). x b0,

Pleg. 138s Micorograph of the side of the soritic creh

(S),nped 5 years, Note longdltudinally arrvespged ploxus
of artaoricles {(a) in the ndventitia {(v). x 20,

Flge 139. Mierogyaph of lmm. transverse secition of
the sortiec arch, aged 4 vonra, Noete sxdferdolcs {a) in
the odventitia {(v) penciveting and supplying the oubex

* v

third of the modds {m}. pidadle third of the media {mi)

v

1s nvasculasg. x 1QO.



M, 140, Microgwaph of the asoriic arch, aged 4
weolka, Hote plexzus of veins (p} in the adventitia {(v).
% 6O,

Ple. LAL. Micrograph of the summit of the sortic
arch (%), nged &4 vears. Hote wreduction in the
density of tho venous network {(n) in the adventitia {v)}.
x 00,

e, b2, 1Wi£§.oﬁroggrzalbl'1 of Imm. longitudinal sectlon
of the aowitic arch, aped 4 vyeavs., Note origln ol venous

plexus {p) in the outer third of the media {m) draining

into veins ln the adventitia (v )e Middle third of the
media (mi) ds avascular, % 100,

Ple, 143, Mlerograph of the lower thoracle and
upper shdominal aorta (Asdl), aged three weoks. Hote
spiral arrangement {s) of tho adventitial arterioles {(a).

®x 20,



Plg. 148, Micropzaph of the lower thoracic and
upper abdominal aoria {f"“.u), agpged 2 yee-mrép Note
irregular networlk of arbterdioles (a) du the adventitia
(v} ® R0,

Pag, 14y, Hierogruph of ihe Lowosn clioracic and
upper abdominai sorta {(AsAl), agod 4 voars, Note
longihtudinal {13"37au1<"01umlu off tho artorioles (e} dn the
adventitia (v). Avascular mone {(%). x B0,

Bl 146, Microgvapi. of Jlmm. transverse soction of
tle Elb('l()lﬂi&lml.E},(')fi;‘“bi.i, aged I yvearo, Nouve arterdoles {(a)
i thoe adventitia {(v) dividing teo supply the outer third
of the modiliea (m} Maddie third of the moedia {(mi) is
AV asCuLar. x 65,

Pdga. 147, Microgroph of the Lower thoroeic and

-

upper abdominal aorts (M Ax), aged 3 woeolks. Na-

o
ol

trverulary nobtwork of voius (n) din bl ndveultitla (vl
e

x OO0,



Plpe 148. MNiocrograph of the lower bhoracic and
uppor. abdominal aocrta {&;Ai), agad it yeara. Mote
reduction in the deonsity of the venous nebwork {(n)
in the adventitia (v} m A0,

Phgs W49, Migrograph of lmu. loﬁgitudinal seciion
of the thoracic aoria, aged 4 yeavrs, Note origin of

venons plexus {(p) in Lthe outer third of ithe nedia {(m)

draining into the adventitinl veins {v). Middle thied
of bthe media {mi) 1s avasculoi, x 100,

Bige Ab0Oe¢ DMicropraph off the right common Lliac

avrtery, agod & weecks. Note irregular netwoyri of
arterioies (a) dn the adwventitla (v). 2 B0,

Pige. 184 Micwropraeph of the lefit common iliae

artery, aged I voars, Hoto longitudinal arvangomentd
of the artericlen (a} in the ndventitia (v). x 30,



Plhes 182, Hicwograph of the yight common illase
artery, aged 4 voars, Note arteriole (a) appirecaching
the wall of the iliac artery {(w) to divide and supply
ginuous avterioles (ai) to the adventitia {(v). % GO,

Mde. 153, Microgiroplh of lmm. tyansverse sectlion
of the left common ildac aviery, agod U years. Note
arteriolo (a) in the adventitin (v) penetrating and
dividing te supply the outer third of the medila (m).
Middle third of the media (mi) is svascular. x 80,

Tlge 158, Mlerograph of +the wight common Lliae
avtery, aged 4 woeks, Nets the drregular plexus of
veins {p) in the adveuntibtia (v).. x 05,

ﬁig. 155, Micrograph of the left common ilisc

pirtery, aged 5 vears. Wote Tthe »eduction in the

density of the plexus of veins {p) in the adventitia {(v}.

3 25"00



Fig; 156; Micrograplh o0f lmm. longitudinal secition
af the vight common ilias aviery, aged 4 vears, Wote
the origin ol the venous plexus {p) in the outer thied
of the wedis (m) dralning inbo the advenititial vedins {v),
Middle third of the media (mi) is avascular, wm LOG,

Pag, 157. Hicerograph of the punlmonary trunk, aged
G weekss Note the drregular arteriolar network {(n)

Al

around the bhase of the pulmonsyy trunk (b)g and the
eparse srterioler distribution (a) to ihe pulmonary
bifurcaticn.(p}; X 30.

Pdge L8, Mieropraph of the base of the pulmonary
trunk,; aged 2 vouirs. Note the Longitudianal sinuous
artaerioles ( a} 4n shoe adventitho (v) weplneilng the
irregular avberiolar network {(n). % 30,

Wige. 159. Miovograph of the prlmonary trunk, aged
2.8 years. MNote the tesminal avieriolsy distyibuation

(a) on the pulmonary Lifurcatlon (p} and thoe proximal

parts ol whoe pulmonary arteries (Payi). x M0,



Ple, 160, Microswvaph of the pulmonary brunln, oged

5Ooyearrsa Note the incevonsed sinuosity {a) and colling
{(e¢) or the artevioles {(a) in the adveniitia (v). i 30,

PFle, 161, HMicropraph ol Lmm, Longitudinal section

of the pulmonary trunk, aged U vears. Note Lthe

arteriole (a) dn the adveuntitia (v) penetrating and

supplying the outer third of the media (). Hiddie
thirvd of thoe medla (Wi} ds avaseular, x 70,

Ple. 102, Mileoregvaph of tho.pulnenayy tzunlk, aged

3 weoks, Note the irregular plexns of wveins {(p) in Hhe
sdventitia (v). MO0,

Pig. 163, Hicwourapl of lmm. longlitudinal section
of the pulmonary trunlk, aged I venrs. Wote the ocwrigin
of Lthe venous plexus {(p) in the ouvter third of the

wedia (m) draluing into the adventitial veins (v).

Middle third of media {(mi} is avasculawr, w0 100,



Mg 164, Mlcerograply of the pulmonary btyuni, aged
B yearse. Note tho longitudinal venous chanuels {c)
in the adventitis (v) draining into tvibutaries {4} of
the ventricular coronayy vains, 3 B5a

Piges 165, Miorograph of the zight pulmonary arbery,

aged 5 weeks, Hote the irsegular plexus of arterioloes
(&) in the adveontitia {v). w00,

N

Pige. 1606 HMierogreplu of the left pulmonnry artery,

sgad 2 yvears. Note the lonpgitudlaal siianous ardterioles
(a) in the adventitia {(v). x 8o,

Tige 107, Micrograph of the right upper lobap

pulmonnry prhery, apgoed 2 Yyears. Neote the gtraight

arterioles (a) dn the adventitia {v). = ho,



Pig. 166, Mlexograph of the loft puimonary avbonry,

aped 5 years, Note the iunecrcased density of the
v st e N R T \ .o
arterioles {a) in whe adventitia {v). x 25,

Pige 1069s Miowropraph of o termdinal bronch of the
teft upper lobar pulmonary arterv,; aged 5 years. dote
the straight avterioles {a) in the advenwitia (v)
terminating theixr distribuition {d). % 30.

Pig., 170, NMicyrograph of Ioml. longitudinal section

-

of the right pulmonary arteryv, snged 4 vears. MNote

arterioles (a) in the sdventitia (v) dividing %o

penetrate aawd supply the outer third of the media (m}.
Middie third eof the media (i) is avasculas. ® 50,

Fig. 171, MNicrograplhh of lmm. longiitudinal seciion
of the right lobor pulmonary ovitery, aged % vears.
5

Mote arteriolaes (a) in the adventitia (v). Outer third

of the media {m) Ls avascular, 3 A00.
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Plg. 172, Hierograph of thie Lolt¢ pulmonary artery,

agaed 3 weeks, Wote the irvogular plexus of weins (p}
in the adwventitia {v). x 60,

Phgs 175, Hiovograph of the wight pulwonary artery,

aged 2 vears, Noite the roeduction din the density of
the plexus of veins {(p) in the adventisia (v), B,

Phe, 174, Mlerograph of lww. longltudinal assction
& £ £
of the x»ight pulmonany avtbery, agzed 4 yearg, Note

the origin off <the wvenous. ploxus (p) i thoe outexr third

of tho medls (m) deaining into aa;l*ﬂ:i‘i,“x’;i'f;vladm voeins (v,

Middle third of the media (mi) is avascular, % A0Q.
Flges L75H, Hioropraph of the loft pulmonary aviery,

nred B voears, Hote btrlbutariss (ﬁ) of the advendtliial

veilins (V} draining into the origin of thie brounchial wvedns

(). x 4O,



Pige, 176, Micwograph of the lingulsr branch of
the left pulmonavy aritery, aged 2 yoars. Note the
irregular plexus (p) of weins in the advenititia (v},

x 40,

Plge 177« HMicregraph of lmu. longitudinal secihion
of the right lowewr lobar pulmonary avtoxy, aged 5 vears.
Note the evigin of the venous plexusn {(p) 1la the deep
layvers of the adventitis (V) draining into the supoyw
fiedal adventitinl veins {(v). Media {(m) is avaseular.
x 100,

Fig. 178. Mlerograph of the brachlo-cephallce trunk
(8.) ond subclavien artery (S), aged 3 woeks. Hote the
lrregular plexus of arterioles (a) in the adventitia (v),
anastomosing with arterioles {(al) in the adventitia (vi)
of the subclavian avitery. x 60.

Flg. L7929 Mierograph of the lelt common caroiid
arvtery, aged 2 vVears, Note the longltudlnal sinuous
arterioles (a) in the adventitia (v) originating Ffrom

an avteriole (A} on ithe aoxtic avch (B), x 50,



Pig. 180, Micrograph 6f the brachioecephalic trunk,
aged 5§ yeaks. Note the imcremmedxsinnOﬁity of the
arterloles (a)‘in the deantitia {v). z k0.

Plheg. 1L81L. Micrograph of Inme.e troansverse sectlon
of the left subclavian artery, aged 4 years, Note
arteriole {(a) in the adventitia (v) dividing and
suapplyving the outexr third of the média.(m). Middle
third of the media is QVQaéular {mi). K.BO.

Plg. 182, Microgriraph of the left common carcbid
anteryy, aged J weeks. Note the lvrregular plexus of
veins (p) in the adventitia (v). x 60,

Plge 183, MMlorvogrvaph of lum. transverss sectieon
of the braehio;cephalio trunk, agoed 4 yéarm. Note the
origin of the venmous plexus {(p) ia the outer third of
the media (in) dyaining into the adventitial veins (v},

Middle third of the medila is avasnularimi)x s
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Pige. 184, Mierograph of the leff common cavpild
artery, aged 5 vears. Hote thwe pDlexua of velns {p)

in the adventltia (v) deaining iundo the wenous plexus

Lz

(¥} om bhe summis of the acriic arech (B). : GO,

Pla. 185. HMicyograph of the Jjuunetion of the
axillary and brachiai avterics, aged & woeeka. Hote
ivregular plexus of avterdoles {a) in the advenivitia {v}e

fxdlliary artewny {A)s  brachlal artervy (B). % Lo,

Pig. 186. HMicrograpl of Lthe proximal third of the

sndial avtery, aged 4 voars. Note she longiltudinal
simuous arteriotes {(a) in the adventitian {(v). ik Gtla

Plhes 187, Miecrogroph of the distal third of the

ulner artory, aged I yeoava. Note btho sinuous

arteciloles (a} in the adventitia {(v). % GO



Pig. ABO, HMicrograpb of the Junction of the sube
claovian and axdilliary avierdoes, apged sthree yvoars, Nevho

the irresular plexus of veins (p) in tho advenbitis (v).

Subclavian ariery (5} axillary arbtery (A}, x5 86,
Floe. B9, Micrograph ob the femorval sribtery, aged
I weels. Note the irregular plexus of ardevioles (n)

in the advontitia (v). x GO,

TMige 190, Micrograph of the Temorowpopliteal

Junction, aged & voars, Hove the lLengitudinal sinuous
srterioles {a) in thoe adventitia {(v). Famoral avritery

{F);poplitﬁal arsery {(P). % 50,
Wiges 19Le liowogroaph of the. postaerdor tibinl wriery,
aged it vears. Note lougiitadinal sinuous ariterioles {a)

in the adventitia (v). x 25,



& »

Fige 102, Milowograph of the proximal paxt of tho

Femoral axtery, aged 3 vears. Hote the drregular plaexus
of veilng {p) in the adventitina (V)n #m 70

»

Pilpg. 1973, ﬁicrogxﬁyh of the distal hal® of the
asconding acrta {(A), osged 12 venrs, showing ithe long-
Lbtudinally srvanged sinnous artarioleﬁ {a) avd beginning
of soiling (¢} in th@:adv&ntitia {v)s Hote the
pvascular wnone {z) whichh ds now seperabing the agocending
avrta from the avritic arch {1i). x 2G.

Plegs 194 FHilecvograeph of lmw. transverse section ol
th&.aﬁcending aﬁrﬁa, ﬂgeé 1 vears, Note arstoriole {a)

in the advenititia (v} divaiding to supply thwe outer and

maddle thairds of the media (mzmi)e Lonner Lthird of the
media is avascular (w2}, x 60,

FPig, 185, dHierograplh of the ascending saorta (A}

and aortic. —pulmonailry groove {B} aged 14 vears, Hote
the longltudinal venous channsl (o) receidving twribubarics
( t) in the adveutitia (v) o Cross anastomotic channel

with pulmonaxry adventitial veins {cea). x GO,



Pilgs 190, Microagravh of ilmm. longibudinal seation

of the ascending aosvia, aged L7

=

S ESH AT I Note tiiwo orlgdn

4

ol the wvenous ploxus (p) in the iﬁnar third ol the
wodin (). Tatiue (X)) &9 avascular. . L0,

Pfdp. 197, MNicrograph of the summlt of the aortic
arch (S), ngeod 12 yoarsg. Note the siunuvesity (u) and
begianing of eoiliug {(e) of the arterioles (a) iln the

adventd tia (V)a x 35

Pig. 198, Micrograph of the side of the aortic

arch, aged 12 venrs. Hoito sinuous arbtewviole {a) in
the adventitian {v). w B0,
"

e, 199, HMievograpit of laste longitudinel section
of the aoritic avrch, aged 14 voavs. Wote arterioles {(a)
dividing to supply the outor third and middle thixd of

the media {msmd). Trner Hthird of the wmoedia {(w2) is

avaseular, s LU0,



*

Pilags 200, Micrograph of the azxch of fthe porila,
agad L2 vears. Hote dhe dxwegular venous nobworik {(n)

in the adventitio (v} draining into tributaries {§¢) of

the bronechial vedlns, 00
Pips, 201, MNiorosraphh of L. longitudinal sectlion
of the aowitic arvch, aged 15 voears. Woto ithe origin

of ¢the venous plexus {(p) in the dnner third of the
media {(m) draining inte tributaries of the adventitial

veins (t©) in the middle third of #he media {mil).

Intima {4) is avasoulax, ® ALG,

Filge R0UE. Hlevograply of the thoraclo norita, aged
12 yoara. Note longitudinal sinuous arteriolos (a)
Porming an ansstomotic chain {e¢) in the adveniitla (_v Je
Piroxidmnl segment {pliz distal segment (d). K 20

Tige 203 Milcrography of the nostorioer aspscit of the
Lhoracice aocvbta, aged LH vears. Note longlitudinal

sinuous avterioles (a) in the adventitia (v), and the

avascular midline zone {(z). % 35
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Milocrograph of the hlhwraclc aworitn, aged
it vears, Note thoe ilrraegular plexns of veina (p) in
the adveniitin (v} draining inte the cilycumfoerentinl

veins (e}, w 8o,

Figs 205« Micrograplh of lwe longitudinal secbion
of the thoracic aovtn, aped 15 veswrs. Nohe the
erigin of tlie venous plexus (p) Ao the dnner third of
fho media (a) draining inbe tribubtaries of the
adventltial veins (%), Tntimn (1) is avascular. *

Pleg, 206, Hicvopgraph of the abdominal wovyta, sged
12 vonrs, Hete the longiliudinal sinuvouns arteriolcs
{a}) in the adventitin {v) Towming an nmastomotic chain
(e Proximal segument {pl: distal sepaont {d),. x 9

Pige 207. Micwograph of ithe anterior aspect of the

abdominal aorta, aged 15 vears, - Nobte dhe longlitudins

siyaous arberdoles (a) in the advensitia (v). 7 30

\

1040,

s
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i, 208, Hicrograph of lsuns transverse secblion
of the abdominal aorta, apged L2 yvears, Mote the
arteriole {a} in the deep lavers of the advenbitis {(v)

penetratiny and supplyving the outer Hluiwxd of the

media (m). Middle third of media {ml) le being
vasoularized, X 50,

Figa. 209, Hicrograpie of the abdowdnnl aoria, aged

12 yvenrs. Nobte irregular venous nedtwork (n) in the
adventitia (v) dresining into the civeumiervential veins

() Z 50

Plg, 210. Hierograph of the rxight cownon ilisc
artery,; aged 12 yvenis, Note the longltudinalliy
arranged sinuocus arterdoles (a) in the adventitia (v).
2 30,

Pigme 211 HMicwvograph of Lmn. transverse sechion
of the left common ilidanc arvierysaged L2 years, Noto
the artericles {(a) in the adventitia (v) dividing to-

supply the outer Lthidrd of thie medls (m). Middle

third of the media (mi) is avaascular. x 11C.



Wieg, 212, Micvograph of the wpight common Lliae
artery, aged 12 yenra, Note the irzegular plexus of
veiny (p) in tho adventitis (v). X 75

Plhme 243 Micre graph of Jw, transveirse section

o

off bhe right cowmon Lline axrtewry, aged 15 venrs. No

H

&
the oxligin of the venous plexus {(p) in the middle Bhird

t) of the

- ouant

of the modin (m) dradiing inte tributavies
adventitial veing. Irner third of vhe media (wmi) is
avascudoar, x 100.
P, 240, Mievegraph of the anterior aspect of the
puilmonary btrunk, aged 12 voors. Note the Tormation of
the sinuous arterdeles (n) in the adventitia {v). % 206
Pilg. 21ih, HMicropgraph of the baseo of the pulmonary
trunk, aged 12 vears. Noke the dncreased sinuosity.
¢l the artericles ( zr.z} dr bhie adventitia { 2y ) ; and co ildng (Q} .

x ho,
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Pige 2104 Micropgraph of the posberior sspeost of
the pulmonary teunl, aged 10 yeara. Note the arboeriolar
mosaics (m) in the adventitia {v). x B0,

Plge. 217 HMilerograph of Lmm, Jlongiltudiunal seciion
of the pulmonnyy btrunk, aged 1% yaears. Note the
arberdoles {(n) din the adventitia {v) penctrating and
supplying the outer thixd of dhe mediles {m)o Hiddle
Third of the media (ud) is avasceular, % 100,

Plge, 218, WMicregeapi of tho anbterior aspect of
the pulmonary btrunlky aged LI yvoerrs. Note +the ivregulaw
venous ploxus {p) in the adventitie (v) dyalning inte
longitudinal venous channels (c)g x b0,

Pl 219, lidereoproph of lmm, bransversce section of

"y A

thie pulmonary trunk, aged 15 vears. Mote the origin of
the wenous ploxus {p) in the middle third of the media
{m) draining into tributaries (1) of the adventitial

Vel Toner third of the wmedia is avascular (mi). %



€ysy
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aped 10 years.

Micrograph of tho right gpulmonary oabeny,

Kote the incressed sinveslty {s) and

beginning of voiling {(¢) in the avterieles {a) in the

adventdtdn ( 3y ) N

Pige. 221,
ngad L2 yveavrs.

arteriotes (o)

Hlie

Lot pulmonary airiamy,

1
"3
4

i
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Mierograph ot the »ight upper lobor artery,
Hote dncreassoed sinuoeslty of the

in the adveuasitvia {(v). x Lo,

Sloeroeraph of lm. transverse sectlon of
aged 12 vears, Hote the

arteriole {(a) in the adventitia (v} penetrating and

supplving the cuter third of tho media (m)e

third of the median {mi) dis avascular, X

2} ey

Frdw 3 #

(e P

pulmonary ariery,

densdity of the

x b,

Middle
RRAIN

Hicrogroephh off thoe ettt upper lobaw

aged 15 years. Wotae Lthe dnerewssed

apterioles {n) in the adventitia {v).



Pigs, 2230 Hicvograph of Imm.longitudinal section of
the middle Llobmy arteryv, aged 12 veuvrs, Note the
prtovioke {a) sunplying the dwvep lavers of the adventitin
{v)e The media (m) iz avascular. mo LOG,

Tlge 22he Mlowvograph of +the left pulmonory eriery,

nged 12 vears, Koke the irregulasr plexus of vedns {p)
in the adventitia {(v). x L,

Plep., 225¢ Hicrograph of Llom. Longitwudinal section
of the right pulmonary artery, aged 14 veara, Notse

thoe oxlgin of fths vaious ploxus (p} at the Jjuncition of
the oubter snd middle bthirds of the media {mimi), draining
into tribustaries {(t) of the advenblitial veine,. x 300,

Plge 226, Miovograph of the »ipght lower lobax

puimonary ertery, aged L4 years. . Nobe the ilrregulan
plexus of veins {p) in the adventitis {¥)« = 100.



Plege 2206a. Micrograph of 1!“1;10 longitudinal
segtion of the lingular branch of the pulmonary artery,
agad LU years, Note the origin of the venous plexus {(p)
in the deep layers of the adventitia (v). The medin {m)
is avascular,. x 100,

Phge 227. Micrograph of the aortic arch (4) and
brachio--cephalic trunk'(ﬁ)gaged 12 vears. Note the
sinunosity {s) and.ceiling {c) of the artevioles (a) in
the adventitia (v) after originating From the arteriole

*

{ai) in the adventitia {(vi) of the aovrtic arch. % 60,



Fleg. 228, Miorogﬁaph'of the left common cayobid
artery, aged 10 years. Note the arterioles in the deep
layers of the adventitia (v) dividing to supply the outer
third of the media {m). Middle third of tho media {(mi)
is avasculaz, x 100,

Piige 229, Mleorvograph of the lefft subclavian artery,
aged 12 vears. Hote the longitudinal wvencusg channels

(e) replacing the irrvegular network of veins (n) in the

advenbitia {(v). % 35.
Plegs 230, Micrograph of lmm. Jlongitudinal sectlon
of the brachiomcephalic trunk, aged 14 years. Note the

origin of the venous plexus (p) in the middle third of the
media {m) draining intoe itributaries (1) of the
adventitial vedns.  JEnner third of media {(ml) is
avasocunlar. % 110,

Pldge 231, Micrograph of the proximal lcm. of itho
right coxonaxy artery, aged U years. Note the irvegulan

arteriolar plexum (p) in the adventitia (v). x 40,



£

Pip, 27324 llderopgraph of the proximal lom. of the

o)
]

left coronamy avrbory, agoed 1O vears. Note tihwe Long-

itudinal sinucus aviericiles {a} in the adventitia {v}).

Pig, 2573 Mi ruprwph cf the Left coronavy artury,
aged L2 venirs. Hote the ceiled arteriole {(a) origlnate
ing from the wall of the ceronary ostium (w) to be

-

ldatributed te the proximasl lew. of the coronary ariery
in the adventitia {(v)-. Lanwosn of ostium (L). x 30,
Ple. 234, Hierograph of Llmu, longitudinal ssction

of the vight coronary sartery, aged 10 voenrs, Note

the arterioles (o) 4o the adventitia (v) pensirating

onrd supplving the outar thixd oi' the media {m} . Midale
third of the media {mi) is svascular, x BO,

Tder, 235; Hicropraph ol lm, transverse soaction
of the left corvonary aviery, aged 14 veoars. MNote the
direct arteriole {1} arigincting oo the cellateral
branch of the covenary avicry [e) to supply the outer

third of the media {(m}. Middle third of the wedia {mi)

is avasoular. x 40,



Pige 236, Hicevograph of the left coronary artery,
aged 5 veors. Note the Arregular plexXus of velins (p}

in the adventitia (V). % H0,

Plge 237« Hicrograpn of thoe right coronary ariery,
aged 12 vears. Note the similar drrsgulay plexus of
veins (») in the advoeantitia {v). x BO.

Bipe 238. dicrograph of lmm. longitudinal sooction
of the left corenary aritery, aged 14 vears, Note the

ploxus {(p) originatlng in tho middle third of
es (&) of the

23

Venous
e media {(m) and draining into tributari
adventitial veins (v}, Cuber thivd of the wmoedia (mi).

w 110,



Fihge 253%¢ IMileorograph of the suboelavian axrxbtery,
aged 1L yenrs. Note the coiled arvterioles {a} in the
adventitia (V) N ® b,

Pig, 240, Mlervepraph ol the axillawry artery,
agoed )L venrs, Nobte Thoe o© (5 1led arterioles (z:—.r,) in Lhe
advontitia (v). x B0, :

Pihe, 241. Micrograph of the proximal third of ile
rodial artery, agod 18 years, Note the increased
sinuosity of the wsrberiocles {(n} in the adventitia (v),
i 25 *

Pig. 242, Micwro graplh: of low. longitudinal section
of the axillary avteyry, apoed 10 voars. Note the
artevioles (a) A the adventitia’ (v) penebitabing amd
supplying the outer thind of the media {m). Middle

third of the wmedia (mi} is avasculav. x 100,



Page. 243, HMleropeaph of Ilmm, Llongitudinal section
o bhe axdllary srtery, agoed L0 vears. Note Hhe ordgln

Il

of the venous ploxus {p) A tlie outew third of the
media (m) draining into twibutarvies () of the
adventitial veins {v). Touaner two thiecds of the media
{1a1) is avascular. = 110,

Phge 2by Microgyaph of the femoral artery, apged

1L veaws,. Wote the coilcd arterdiolaes {a) in the

-
g

7t
%

. . ® F
advonbitia v ).

[
5

M. 245, Mioropraphh of thie popliteal aviery,
aged L1 yvoars, Note the goilied apxtorioloes (a) in the
adventltia {(v). £ 35,

~

Phgs 246, Hicrograph of the anterior tiblal arvtery,
aged 12 vyears. Mote the dincreasged ginuosity of the

avterioles {(a) in the adventitin (v). ® A0,



Tige. 247. Micrograph of lmm, itransverse scction
of the feworal artery, aged 10 years, Note the

arteriole (a) in the adventitia {(v) penetrating and

supplilying the outer third of the media {(m}. Middle
third of the media {(mi) is avascular. % 100,

Pig. 248, Micrograph of lmu. longliudinal seotion
of the femoral artery, aged 1§ years. Note the
ovigin of the venous plexus {p) in the outer third of

the media {(m) draining into tributaries (t) of the

adventitial wveins (v). Middle third of the media {(mi
is avasculor. x 110,

Pheg. 249, Milcrogranh of the feetal abdominal aocrta,
aged 12 weeks. Note the irregular network {n) of
mural vessels in the ‘adventitia’ (v). x 150,

Pig. 250, Micrograph of the distal thoracie foetal

aorta, aged L6 weeks. Note the irrvegular plexus (p)

of mural wvessels in the ‘adventitia® (v). s 100,



Wime 2%%. Micrograph of ithe aoritic Liafuveation in
o Foetus ,aped 16 weoks, Note the ilvrveguler plexus {(p)
of mural voessels in the 'adventitia® (v). x LUG,

Pig. 252¢ Hicro,waph ol ithe hase of the foetal
agpoending soxvta, cgoed L6 weeks, Note the drrogular
plexus {p) of vessole in the 'adventitie’ (v)e.

Aoxta (A). Loit ventricle (V). Mistal nscending

RV

Il

aortn (B) is wvasculsy, | 3

Phge 255, jldoerogroapl of the suwmmilt of the foeial
aortic arch, agoed 16 wvecks, Hote thie drrvepuliar plexus

» "

{p) of vessels in vthe 'adventitia® {v). x 110,
T, 3 " "'! "L . 1- o sfe T -, o - afes ofe | ~y i s L] N
IMipe 2546 Hilcerograph of the distal thoracic aorta,
agred 20 weeks. Mota the ilrnercased density of the
Y

plexus of veasels {p)} in the adventitia (v). w B0,



Pims 285, Micrograph of the Ieetal abdominal aovtla,

e

agad 20 weoeks, Note the spirad pashern (s} ol vesaels
i bhe adventitia {v). s B0,

Phes 2560 Hicwvoegraph ol the foetal ascending aorba,
aged 24 weoks, Wobe the irrvegular plexus (p) of
vessels in tlhe adventitin (v), ascending towords tho
avasenlar dietul pard of tho oscending aowba (A). Bige
of the ascending anorta (B). x B0,

i .

Page. 207, IHierograph of the Foetal ascending aovba,
aged 28 weeks. Note the dovogular ploxuns of arterioloes
(a) 4n the adventitia {v) of the base {b) and proximal
balf of the ascendiing aorta (D). Ristal avaseulay hall
{c1) s z 20

Pilg. 2588, HMicropreph oif the Ffoelal asconding aoctio,
awgad 32 woekas, Nuoute bhe irwvoguliare plexus ol svrierioiocs
(aa..} extvending Jrom the proximal half of thie asocendilng

» i y L] Y I ..
norta (p) dnbo the sdventitia {v) of the distal hald {d).

X 20,



Pile. 25%¢ HMiexograplh of fthe Ffoetal ascending aorta,
aed 34 weelks, Motoe the irrepuler artorioloy potlfern
of srtevial vass (&) lu the adventitia (v). X 70a

Pdg, 2060, Hicropraph ol the foetal aecending aorta,
aged 28 weels. Mote hhe irruguldr plexuﬁ'(p) of veins
in the adventitin {(v). x B0,

Pig, 261, Hicropruph of the foetal nﬂcmnding-&urﬁag
roed 3L weeolks. Hote itho irragulmf plexus (p) of veins
in the adventitila {v). x L0,

Pig. 262, Miecrograph of the summit of tho fostal
acrbic arclh, aged 28 wecks. Note bthe drregulan ploxus

of avterioles {(a) in the sdventitia {v). w00,



Pige 263, Miloxograph of the summit of the Ffoetal
aorbic arch, eged 30 weelis, Mate the increase in
density of the arboeriolar plexus (p) 4n bthe adventitis
{(v)e x 60,

Phege 264, Micvopyaph of the side of the foutal

aoritie arceh, sged 32 weaeks, Note the dexegunlaw
avteriolar plexus {p) in the adventitia (v). xn 60,

Fige 265, ¥Mievograph of the swamddé of the foetal
aertic arech, aged 3% weels. Hotz vhe lrregular avieriglar
plexus {p) in tho adventitia (v). = 80,

Pigs K66, Hicrograph of the summit of the Foetal
sortde archy aged_ﬁﬂ waelise Note the irregular plezus

of veins {p) in the adventitia {v). = 60



Fig., 26%7. Micrograph of the sumait (s) and side (si)

of the foetal aoritic avch, aged 32 weeks. Note ¢the
irregular plexus of veins (p) in the adventitia (v). % 60,

Fig, 268, Micrograph of the foetal thoraclic aorta,
aged 32 weeks. =~ Note the epiral pattern of arterioles (a)
in the adventitia (v). x 40,

Fige R269. Micrograph of the junction of the foetal
thoraeic {T) and abdominal aorta (A), aged 28 wecks. Neote
the drregular plexus of veins (p) in the adventitia (v).

x 110,
Pig, 270, Mlcrograph of the foetal abdominal aorta,

aged 32 woeks. Note the dincreased denslty of the

venous plexus (p) in the adventitia (v)e x 60,



Pige 271, Micrograph of the base of foetal
pulmonary truﬂk, agod 16 wooka. .ﬂote the irvegular
ploxus of vesscls (p) in the 'adventiiial (ﬁ), D5 bl
hal® (d) is avasoular, % 35,

Plg. 272. Micrograph of anterdor aspeet of the
fostal pulmonary tzunk (P) and the aortis-pulmonary
groove (a-=p), aged 20 weeks. Nobte the network of
vessels (n) on the antorior aspec% of the pulmonoxry
trwite, originating frow vessels {v) in thoe sorticw
pulmonary groove. Aowxtic vasa (A). % 25

Pipe 273 Misrograph of the proxiwmal half® ol the
foetal pulmonarxry trunk, sged 28 weelis. Note the
irregulay awtéyielar plexus (p) in the adventitia {v)
of the proxdimal hal? (¥} of the pulmonary bounk.

Distal haif (D) ls avascular. x 20,

Plg. 274, Miorograph of the anterior aspacﬁ of the
foetal pulmonéry Sruni (P) and the pulmonaxy
bifurcation (B}, aged 32 wocks, Note the irvegular
plozus of arvterloles (a) iﬁ the advéntitia (v).

Proximnl part of pulmonary arteries (2i). x 20.



Fidg., 275+ Mlcrograph of posterior aapect of the
foetal pu;monary txunk, aged 34 weeks. Nete the
irregular plexus of arterioles (&) in the adventitia (v).

% 35

Pl 876. Mlerograph of the anterior aspeot of the
proximal half o' the foetbtal pulmongry trunk, aged 28 weoeks.
Note the irregular plexus of veins (p) in the adveniitia
(v). =z 4O,

Pige 277« Micerograph of the posterior aspecs of the
foetal pulmonary trunk, aged 34 weeks, Mote the

irregular plexus of veins (p) in the adventitis (v). x 70,



Pilgme R78. Micrograph of the Toetal ductus
arteriosus, aged 28 woeks. ¥Note tho terminal branches
of the ilnternal mammary artéry (b) distribuiing
arterioles {(a) to the sdventitia (v), % 35

Plege 279. Micwopgraph of the foetal ductbus
arberiosus, aged M woeeks., Note the artveriolar plexus
from the internal mommary artery (a) and thoe arteriolar
plexus: from the bthoracic aorta (al) arborising (r) in the
adventitia {(v). xn MO,

Flge 280, Mlovograph of the foetal ductus
arferiosus, aged 3% weeks. Note the arterioclar plexus
from the internal mammary arvery {(a) and the axteriolar
plexus from the pulmonary ariery {(al), in the adventitia
(v)sa x 20,

Pige 281, Micrograph of the postnatal ductus
artexidaun, aged 5 dave. Note the incyeasod density
of the arteriolar plexus (p) in the adventitia (v).

26 50! '




FlLg., 282. Micwogyraph of lumm, longiitudinal secbtion
of the postnatal ducitus avitexiosus, aged 5 days. Note
the avteviolar plexus (p) in the adventitvia (v) pensbtrating
and distributing avievioles (a) to the media (m), Inner
medie and intima (miti) are avascular. Lumen (L). x 060.
Pige 283 Nibrograph of the positnatal duotus
avterliosus, aged ton days., Note the irregulayr plexus
of avteriocles (a) in the adventitia (v). Z 20
Fige 28L, Micrograph of lmm, txansverse sechbion
of the positnatal ductues ariteriocsus, aged itwelve davs,.
Note the arterioles (a) in adventitia (v) penetrabting
and supplying the medis (m) and intima (1). x %40,
Pige 285. Micrograeph of Lume longltudinal section of
thae tdssue contalned in the lumen (L) of the posbtnabtal
ductus artericsus,; aged olghiteen days. Note the

arteviolar plexus {(p). % 80,



Mg, 286, Mierograph of lmm. transverse secilon
of the ductus aritexiocsus, aged 20 daysf Note the
avterioles (a) in the media (m) dlstributing arterial
vasa to the intima (1) and the tisgue in the Jumen (L)
of the ductus arseriosus. x 50.

Plge 287, Mlierograph of lum. transverse section
of the positnatal ducitus arterioous, aged 24 davs.

Note the reduction in density of the arteriolar distribution
() to the adventitis (v)3 wmedin {(m) and intima (1),
Luen (L} % 2%

Pige 288. Mlorogreph of lmm. Llongilitudinsl sectlon of
the posinatal ductus arteriosus, aged 6 months. Note the
sparse network of arvterioles {(a) in the adventitia (v),
and avasoular media {(m)s - x 20,

Flge 289. Micrograph of the ductus prieviosus, aged
1 venx, Note the artoriolar network (n) in the
adventisia (v) avbewrising with evierial vasa from the

thoracic acria (ai) and pulmonary aritery (a2). x 20,



Blge 290, Micrograph of the ductus avterlosus,

aged U yeavs. Note the sparse arteriolar network (n)
in the adventitia {(v). x 25,

Pig. 291, Micrograph of the ductus arteriosus,
aged 5 years. Note the arterial vasa (a) in the
adventitia (v) of ithe pulmonaxy nalf (¥} amd tho
svasculay sortic half (g). % 25,

Plge 292. Micerograph of the ductus arteriosus,
aged 10 yvears. Note the arteirioclar plexus (p) in the
pulmonaxvy haif (P) of the edventitia (v). Aortic
haif (A) is avascular, X 25.

Mege 293¢ MHicrograph of the pulmonary half of the
ductus arbteriosug, aged 12 yveairs. Note the sparse arteriolar
network (n) in the adventitis (v) of the pulmonavy half

of the ductus (P). % 20,



Pig. 294, Miorograph of theoductus.arteriosue,
aged 48 yvears. Note the ariteriocles (a) in tho
adventitia (v) of the pulmonary half (P). Aortic half
(1) 18 avasculawr. x RO

Pige 295. Milicrograph of the origin of the ilntram
abdominal part of the feetal umbilical axtexry, aged
20 weoks. Nota the arteriole (a) imn the adventlbila
(v) of the iliac aviery distributing arterioles (ai)
to the adventitla (vi) of the wmbilical actexry. % 65

Fig. 296+ Micwograph of the proximal lom. of the
intra~abdominal part of the uwbiliocal artery, aged 206
weeks., Note the exteriolar plexus (p) in the
adventitia {(v) originating from an avteriole (a) in

the adventitia (vil) of ithe dliac artery. % 85,

Pige 29%, Micrograph of the distal part oif the
intra-abdominal porition of the umbilicél avtery, aged
3 weecks. Note the terminal avteriole {(a) from the
epigastric plexus in the anterior abdominal wall (w)
distributing arterioles (al) to the adventitia {(v) of the

umbilical avibery. x 40,



Pige 298, Micrograph of the proximal parxt of the

intra-~abdominal portion oFf the umbilical artery, aged 34

weeks , Note the sinueus arterioles (a) in the
adventitia (v), and the avaseular area (A). x WO,

Pigs 299, Micrograph of lumm, longitudinal section
of the initro~abdominal portlon of the umbilical arteryy
distal partd. Agas 3% weoks. ﬁﬂﬁe the sinuouns arterilolar
plexus {p) in the adventiﬁia (v), and the avascular media
{m) . x 40,

Fig. 500. Micrograph of the distal portion of the
intrasabdominal part of the umbilical arterv, 3 days old.
Note the reduction in the deneity. of the arteriolar plexus
(p) in the adventitia (v). cx O,

Fige 301, Micrograph of the proximal portion of the
intra~abdominal pazxt of the umbilical artery, aged 3 days.
Note the reducedtion in the denailty. of the artewvioclar plexus

(p) in the adventitia (v). x 25,



Plge 302, Micrograph of the proximal leouw. of

the roemaing of the dntra-abdominal vardt of the wmbillecal

artery, oged ton dayse. Mote the artericles {(a) is the

adventitia (V) of the ililac avtory, distyxibuting srdtorioles

(ai) #o the advontitia {(vi) of the unwbilical srberyv. ® 30,



(9]

Pig. 303. Phebowuerogrenh of Op dtransverse secbtion
of the ascendin. sorte, aged 35 veave, showing vasa
vazgorwmflv) in the adventitia{a) and outer two bhirds
of the medinl(um), Inver thdrd of media(mi) is avasoular.
Mallorv, 2z 100,

Fig. 304, Photosicrograph of du transverae section
of the brachlo-cophtilic trunk, aged 12 vears. Nobtwe the
Vaga Qaﬁorum{v) in vho mdventitia(a) and outer Hlutrd ol
the moedia(m;. Masson, x 140.

Fipg, 303, Photowlcyogsraph o 8p longdbudinal scotion
of the pulmonsey @runk; agrad o vears. Note the vasn
vasorum{v} in the &ﬂkutitia(a} aid outer thiyxd of the

media{m). Hacemoboxylin mud eoxin. x 300,

Fles 306, chotomlerogrash of 500 longitudinal seebion
of tlie ~bdomileil aovita, g LU vears., Nobe the vesu
vagorum{v) iao the slventitiala} and outer dthlrd of the
media(m). Middie third of the medialmil) 4s avasceular.

sodiuam altropressidde and bousidoeane, 2 50,



Pipge. JO7. rhotoucleraogiroph of Opp transgverso
seobtion of tiwe foetnl puluwonary btrunk, agoed 32 weclis.
Note the vas. vasoprwalv) in the adventitial{a). Media

() is avascular. Hasson. x oo,

Figae 308, Photomicrogenph of 500 longitudineal secitlown
of the loetal abdominul aoxrta, nged 26 weeks. Note
the vasa vasovum{v) in tho adventitia(a). Medialm) is
avascular » Lunien(l), sodium nitroprusside and benzidenc,
X B9,

Plge 309, hotowmiorogsraph of Sy trausversoe section

of the foetnl ductus aritericsus, aged 306 woeeks. Noto

avagscular, Mallory. x 350,

Figo_JIO. ﬂhotumicrog;aph 03 YU transverse sechion
of the posbnatal ductus nriteriosus, aged 20 days. Note
the vasa vasorum (v) 1o the adveuntitia(a) and cuter mediw

(m)o Inver media{mi) is avascular. Masson. x 200,




fige. Jil. Jhotomicrograpit of 30p lLongiitudinal
secbtlion of tﬁm ducitug srhterliosus, aged 21 daye.

Nose the vasa vasorum(v) in the adventitia(a) and cutewr
mediofn) . Incer media(mi) is wvasoular. sodium
nitvroprugside cguwl bongildenas, X 00.

Fige. J31la. PFunoiboasicrogyepit of Sp trangverse
geacition of the Intra-abdomlinal part off the Foatal
weabilical arvtery, apged JL weeks, Note the vasa vesoiu
(‘v} in bthe adventitiala). Media{m) is avascular.
Haematoxylin aud eosin, x 200,

i, jl_;e rhotomicrogruph of 50p transverse
sceochion of thoe dubroa-cbdoniiaed parc of the vmbilical
Wby, apced F Owiires OLe the vasa v;.mo:;?um{v} ire theo

adventd int . vieddalm) ds avaseular. sSoediun

nitropruss.de s bonsidoane. 5 40,




Fig. 3IM., Micrograph of the adult abdominal aorta.
Note the arterioles(a) in the adventitia{v)
and the area of extravasation of injection

medium{m) . x L50,




