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Pvod

Vasa vasorum (VV), tedy c®vy c®v, j sou ¢
stNDny arteri?2 a g¢gil pSedevg2m vel k®ho a
Zhi storie c®vn2 anatomie je zn8mo, ¢ge | a
aorty Thomas Wilisvy oce 1678 a graficky jmcezns8§8zor
1695. Ale teprve C.G. Ludwigvoce 1739 pougi l pro jejich
Avassaorwani. Po upSesnhn2 dalg2ch terminct

S°mmering 1800)nesz2zmldreln® pecdaiZh w@eobecn
anatomii vor TbDhu cel ®hroce9.1896o0lbgtl2 ,zaw zat d
anatomick® terAmi,noll8&Xy5)e, (aB.WNe stejn® for
vgech jej2ch dalg?2ch verz2ch v]ietnhD t® p

Od pol 8tku druh® | tavrrationnyi i2 Ov.1T zsntaomnelX 2n azre

mognl pod?2| mi kr oci ralswlr almn 2nhao  vSzenliikgut Na v
patol ogickTch procesT (rozvoj arteriosk
pl 8t T, tromb:-za nebo nekra-ozd Nt wnivc ak omeodr
t epné8lciht ervat uSe vgak dosud chybzopaoc®vabmh
syst®mu -nammékoekopi ck® Yrovni , a to jak
srdce je | askxpepomgAv@noAkt uS8l nost a nal

vasa vasorum koron8&8rn2ch tepen dokkaaSziuj e
zUniversity of Maryl and School of Medi ci

geneticky upraven®ho prasel 2ho srdce 571

bstav anatomie 3. | ®kaSsk® fakulty Unive
anat omi i CORWN2®Htm wopwdtaBmu. b®Pt e 2ADB O 0 z § |
soust SednNn pSedevg?m na studium morfolog
vhor m8l n2ch podm2nk8ch, a na Jjejich ar c
varik-zn2ch ¢gil a ulekpbwsphesdani @B skhh®t
postupnni p (Khchlik ket v n¥ 0 0 7 ; Kac h,| 2008a; et a
Lametschwandtner et al. 2004a; Stingl et 2018). Aut or t ®t o dizert
bNDhem sv®ho studia medic2ny na 3. LF UK
anat oma (demonstr8tor: 2010, vipomocnl as

BNDhem t®to doby se spont &§mrfezapmpit SBedi |
6



mor f ol ogi i vasa vasorum. V rutinn?2 |iter
zroku 2@ 3, ve kter® byl pops8n do t® doby
vasor um, tzv. Avasa vasor wmiinmat &romram,§rna
(G°ssl 2088 @aéento n8lez byl vel mi pSekvapi
byly zal §tekryi s8uqnech &mtenTfrvasia8lvha2ssor umni
|l okali zov8ny vgdy do adventici 88l n2ch a p
pSirozenhN sudaltailvi2zvoevikzi popsanlch Y
komentovan8 dizert &lm 2v apsrag cvea szoa bulnv 8 opr comss

ani m8l n2m model u srdce.



l.Koron8rn2 tepny

Korong&rn2 (vRDnl|lit®) tepny kjosSew ec @&wy ,t yk t(d
aortae) a vygivuj?2 srdeln?2 svalovinu ( my
(arteria coronaria dextra) a | evou koron
z8py svo®m adrstwpwyad8§vaj? |etn® vDtve. VD
42. den embryon8ln2ho vivoje vrTst&n2m Kk
(sinT) na podkladbD sign8l n2ch molekul , |
embryonf8kte2hoNejdfdvemod8oh§kKdDrkng&rn2zho Y
koron8rn2ch tvdldpgevre,n2n §NicehdmN kkmenT a pror T
myokar du. For mov 8§n?2 hl avn2ch vDtv? kor
druh®ho mNRNs2ce pmbrgoag§bazise Dniv&kor ons§rn
ostatn2m arteri2m,i twikal irBima tunice media a tur®d v r s

adventicia.

1.1. Embryol ogie koron8rn2ch te

vivojov® vady
Koron8r n? tepny se zal 2 m&jhzo wilwdH$et vaT.
kapil 8rn2ch plexT do koron8rn2ch sinT.
mi grace bunDk, kter® maj2 pTvod mimo z§8I
ng§sl ednhN diferencuj2 na endotel jalinn2 buR
(Tian et al, 2015a)

VdTs !l edku zvi gen®ho met abol i ck®ho obr at
khypoxi i, kter8 indukuje tvorbu sign8ln?2
Factor 1U a 1b, Vascular Endot hketliivadj 2Gr
endoteli &8l n2 buRky k tvorbh p(Tonmska2ch Kk
Angelini, 2019)

VdobnD dRDl en2? truncus arteri osuenetraci t runc
stNny koSene aorty endomiekagiPhm®miprisu Rkha
obkruguj2c?2 koSen aorty. N8sle¢dmPDveaikai
kapil 8rnzm pl exem. |l hned pot® =zal2?n8 ko
bunbDk hladk®ho svalstva do stDBDny novD v
2015b).



Ut v8Sen2 hlavn2ch kmenT koron§8§rn2ch tepe
embryon8ln2ho vivoje, avgak jejich vDtyv
fet8l n2ho v]J2016)j e (Tomanek

Mezi | ast® vrozen® vIvoj olveBv ® akdoyr omatr 2

zarteria pul mom%édne anm@rmtdbys ek ® | iteratuSe
Anomalous Left Coronary Artery from the Pulmonary Artery (ALCAPA).

Al ternativou je pot® anoms§éarterfa punmslisup pr

onal ov8na jako Anomal ous Right Coronary
(ARCAPA). Vt Dchto pS2 padeiofarktu meakarduh §0% N K
nitrodRlogn2ho vivoje kvTli fyziol ogi cko@

projev2 ag@g po n atorace @inapoklequdakuplicricn | en2 ma

Dal g2 VVV j e atr ®zi e koranglkasastke®nlyi t
oznal ovan® jako single coronary artery.
i nfarkt myokardu nevzni kt8g2 nd ev Qtov edn&nno Vj ye

koron8rn2 tepny, aloentak®akobmtenfhl ameza

~

Zaj2mavou vrozenou VvlIivojovou vadou j e an
norm8Il nD pubdpihlega’?duw. U t ®t o VWydKardu.epny
Jedn8 se vgak o benign2 VVV, kpron&@ge?2 vh
tepn®cAbWhu diastoly, proto jsou infarkt
2014).



Obr. 1: Utvg§Sen?2 odstupu koron8rn2c

A. Initial Events
Epithelium

/

EPDC (rich in

Formation of
the Coronary Ostia
and Stems

C. Formation of

Zdroj: Embryology of coronary arteries and anatomy/pathophysiology of coronary

anomalies. A comprehensive update. IJCA (Tomanek a Anga@ihD)
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1.2. Anatomie c®vn?2ho syst®mu s

Lidsk® srdce je z8soben® ze kbwmozbulbior on §r
aortae (koSen a&oSeni dirugdoglk deiar B inisere v

(Val sal vae) . ObBubepinkarpdruob¥¢ hapei tvld, | 2
stahTm srdce. Prav§8 Ity bohggulqug corbnarusn a p o
mezipr avou komoru a ougkem prav® s2nh. Za
prvn2 vDtv?2 je ramus coni arteriosi, tat
| §8st prav® komory a je klinicky nevlzna
VytvegS2 amamu®mMe ami arteriosi |l ev® kor on:

ikdyg jsou koron8rn2 rakpme|n®, steédiy, pge:

anastom-zy. KIl'inicky dTlegitou vDtv?2 j e
z8sobuje pacemakan rsraddes,, Mad@yg mi vDtvem
z8sobuj2c? myokard prav® s2nhD a | 8steln
z8sobuj2 myokard pSednz i zadn?z stDny pr

tepny je ramus mar2gipnoalprsavd@mn toekrr,ajkit esrrid c
Jedn8 se o vRDtev vhDtg2ho kalibru, kters§
Kkoron8rn? tepna bng:2 na di afragmati cko
interventriculari s posterior k2 suidus e v v I
i nterventricularis post é&nmriaoi sepydBegs§g pi
t Setinu septa. Druhou koncovou vDtv?2, k t

srdce je ramus posterolateralis deXtarukas et al.2009)

Lev8 kor@an§rmn2optrepn t® pra¥¥® mcel dwhilkr &t
se dnl 2 na ramus interventritahatrosvi@anye
zhruba v25 %vy st upuj e varial n? (Smght2018) Ramusius i n
interventricularis anterior segiuje vs ul c u s interventricul ar:i
st Dn N s hrotc sdcea(d@pex kcordis). Jednopz vn2 ch vNDtg2z e

arteriosi, k t cerr d h casntarsa nommo- wz uyj 12t vs2 . Za sv®
septales pro pSedakP g2dmiD uIBtetd miy jsseqpu ar a
anteriores a rami di agonales pro vigiyv
circumfl exudss ulsDg20rwnari us mezi ougkem | e
sv®ho pr TbNDhu vyd8veg§ rami aitularesaptodesou pr o |

s2R a levou komoru, d&8le ramus marginal.i

11



obtusus) . Koncovou viDtv?2 j e ramus post

di afragmatick® ploge srdce.

U kagd®ho |1l ovRDka domianujpeo kwrd| intl 8 vk anreo no§
prav® koron8rn2? tepny, je ramus intervet
|l ev® koron8rn2 tepny, jedn8 se o dominan:i

NRDkdy se tak®tmTmememserokmbt gp, pPpadvidt yp
nor motypu uspoS§dan? koron8rn2ch tepen
vsul cus interventricularis posterior a | e
O pravotypu, bng2 tato vNDtev parallUel nn v
|l evotypu vych&xz® tkatr @ ng D rsdoustirepreantyicularis b N § 2

posterior.

Odkysli| emyoklaredw B3rdce odt ®kSysS®mi sgnb
coronarius, syst®m venae cordis miemni mae
Sinus coronarius je g¢giln2 splav na diafi
vena cordis magna, kter8 doprov8z2 ramus
srdce, d8l e vena cordis medi a, ktear 8 dop

di afragmatick® ploge a pot@Prae®astopadys s
Dst 2 vena <cordis magna do si nuisvalvaor onar

Vieussensi.

Sinus coronarius se vlI®vSg do pr pa®Sehoh
¢ h | & paivdlasinus coronari(Thebesi).

Syst®m venae ventriculi dé&xtenkBmiedgi bami
dr ®nuj 2 sval ovinu prav® komory a Vvl ®vaj
mi ni mae | sokualgizdryu makt®hro® dr ®nuj 2 myokard

se do vgech dutin srdce.

12



Obr. 2: Sch®ma pr TbNRhu koron8rn2ch

ramus nodi sinutrialis

3 arteria coronaria cordis sinistra
ramus atrialis

z arteria coronaria
cnrdis dexdra ramus circumflexus z arteria

coronaria cordis sinistra

arteria coronaria
cordis dextra |
vena cordis magna (vena

interventricularis anterior)

venae ventriculi
dextri anleriores ramus interventricularis
anterior (ramus
descendens anterior
sinister) z arteria

vena cordis minima coronaria cordis sinistra

ramus marginalis dexter
z arteria coronaria cordis dextra

rami interventriculares septales

facies sternocostalis

ramus nodi sinuatrialis

vena obliqua atrii sinistri
(Marshallova Zila)

vena cordis magna (vena nodus sinuatrialis
interventricularis anterior)

ramus circumflexus z arteria

coronaria cordis sinistra vena cordis parva

sinus coronarius

arteria coronaria cordis

ramus posterior
dextra

ventriculi sinistri
ramus interventricularis
posterior (ramus descendens
posterior) z arteria coronaria
cordis dextra

vena posterior
ventriculi sinistri

vena interventricularis

posterior

(vena cordis media) 5
g

ramus marginalis dexter
iI‘r/
[

rami facies diaphragmatica
interventriculares septales

Zdroj: NetterTv anat p6lil)ckl atl as |
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1.3. Hi st ol ogi e koron8rn2ch tep

Z8kl adpdS8§ds&n2 sthNny kouom@sHwigmye PRyl ij e
jin® tepny. Jedn§ sievnd ttS$i2 K amd ermt riinck @n;

media a vnhDjg2 tunica adventitia. Jedn§8

Tunica intimastselkdyelr®Pdi§ tazx0S2 buRky endc
vistvy obsahuj2c2 pojivovou tk8&8R a z bur
kter® jsou orientovs8§ny pod®I nD a spojeny
krv2z a stDnou koroynm8m&§zendceptngl. jKadtmD fowmk
endokrinn?2, Produkuj e antitrombogenn?

fibrinolytika, medi 8tory z8§nhNDtu | i rTst
patol ogicklch procesT, napSdkid®d eatepomb
| amina elastica odWaler&taldla®) vrstvy sthDny

Tuni ca medirmnoshea swrls8tde8v zbunNk hl adk®ho s
(el astick8 a kolagenn2 vl 8kna). Pr TmDr nt
tl ougSka mMmedi a je obvykle kolem 200 mikr
vristvy oddhDl ena pomoc? | amina elastica e
tenl 2 neg | ami(Berditt a Schvmitiz1988aWailen1989a; Raavcett

1994)

Tunicaadent i tia je tvoSen§ pojivou tk&n2 (ko
obkl opuj? vasa vasorum, nervovs8 vl8kna a
j sou orientov8na pod®Il nD a nejsou mezi

zmNDny prTmAPeu tkpnygn8§rTl ougSka tunica ad:
mi k r o (alter 1989b)

14



Obr. 3 Sch®ma prTSezu sthRny te

endaothelism
T . connective
tissue
= intarnal elastic
meambrane

irvoluritary
muscle fibre

elastic fibre

adventitia f )
4 —axtarnal elastic

membrana

connective
tissue

) 2002 Encyelopsedia Britannica, Inc.

Zdroj: Encyclopedia BritannicgBritannica 2008)
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1.4. Ateroskl er-za koron8rn2ch

Ateroskler-za koron8rn2ch tepen je chron
i pi dT, jizven?2 a z8nDtliv® reakce ve st

fok8l n2 ztlugtDn2zdawu?nliem? iqnttDma tvemmow,c 2z

kalci fi kacnhR&tBnych pS2padech i tvorbh tro
ZtlugtnNn2 tunica intima se nazlv§ ater os
m2Se tvoSenl buRkami pojivov® tk8&nn, inm

detritem. Atere k| er ot i ck®mu pl §tu pSedch8&8z2 wvzn

tvoSen makrof §8gy nasycenl mi l' i pidy a ulo
pTvodnDhD cirkuluj2c? monocyty, kter® inf
makrof 8§gvy, kter® eeptsoriyni v &zcaalvwengar LDk
| §stice. Makrof 8gy tyto | 8stice a dal g2
buRkambmekNt N, kdy se extracelul 8rn2z | ipi
me z i buRK ami hl adk® sval owitery oskDe? osieck
Spolusp Pnovi mi buRkami a nekrotickImi hmot e

j 8dro ateromadventtFebm@bll asithy) mwcestuj?2 do s
hojn® mnogstv? kol agenn? mat z.v e K&l apgreont ne2
matrix vytvg§S2 ng&slednhD kolem j8&§dra tak:z
i munitn2 buRky, p o -l nyankfroocfy&zy2.c hT yzteoj mi®u R k
zdrojem pr oz §n(®eidindnetialedisd) c yTtyakoi nsTi gn &l n2 mo
potec uj 2 z8nNtlivou reabdterovsekbeNoNi cR®EM p

t2m p8dem mTge st 8t nestabil n2zm.

Aterosklerotick® pl 8ty se dnDI 2 na stabi
neporugenou | epil ku, kdedtkamadelsm arri d (ns?t vp?
kol agenn2ch twol nSeksetnabiPm&v Il §ty jsou pS2|
myokardu(Libby, 2021)

Rizikovich faktomzvojviedatuerahklker - -zy je
vysoklT v Dk, mugsk® pohl Ve, pgknetyisok®&® p
cholesterolu &rwvii,aayltehry&émitdhypertenze
| i kouSenz2.

16



VpS2padh, rgueptddSjedeatler oskl er aitviod km@me mlr &
trobogenn28dhr al §tlegkivazipa-z 88 Nel kvich sign8gln
Visledkem je tvor ba krevn? srageniny (
(Hansson 2005)

Obr . 4 Sch®ma aterosklerotick®h

A B
Atherosclerotic plaque Thrombus formation and lysis

Platelets  Fibrin

Zdroj: Atherosclerotic Plague Healing, New England Journal of Med(®¥aggallo
a Crea2020)
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2PSehl ed problematiky

Prvn2 popis morfologie c®vn2 sthDny prove
vasa vasorum ve RwvP®I oomeSnci bynleaz md@@i pr §ce

ktemloce 1678 popsal | tySit & rrsd jvzye vsntiX] ngy?
popisuje s2S nej r(Wilisn1879gRedenic Ruyschonel 1696 ¢ ®v

popsal a graficky zn8estrunph®ca®wmiemiz §cs@vbael
kter ® nazv alRuysch 4699. a rJtaekroi opsray n2 pougi | t el
Christian Ludwigvr oce 17 39, kterl popsal drobn® ¢
vstupuj ? d ¢Ludwid, D739) V oc@ V1§95 byl terdhbn vasa vasor
zaSazen do prvn?2 of i c Bdsiiensta Namina Aratomicak ® t e
(His, 1895)

Kdy gocevl938 Winternits e s pol upopsaVvnphlyofyziol ogi
a mor fol ogid ateroskl erotick®ho pl 8t u,
kor on8r n?2 @Mnternitze pte &, 1938) Pr Tl omem byl p ot
neovaskul ogeneze vasa vasorum u patolog
excesivn?2 hojen? c¢c®vn?2 stBDny po zav§diDn?
vasorum internadaumenec®vyy at ppwjcch 8z 2 ater
| i neoi nt iameie Ritthana ketmam2907; MulliganKehoe a Simons

2014; Langkinrich et al.2007; Khurana et al2004; Sun2014; Siow a Churchman

2007; Williams a Heistgdl 9 96 ) . N8sl ednD =zal al pol et
vasor umstoupdtatmg Trazem na vIizkum vasa vasor
nejenl i dsk®ho 9Prace, 2kadbe Kkt er @xperimentdclast o v
Nej viDt g?2 pozornost byla logicky upSena 1
Dal g2m vizkumnim z&8§mRopemnS§ent ak@Ppasayyaa
ke kter ®mu sDd«cbhlBhze2m cpdeaetiniét pahoperaci (Motwani a

Topol, 1998; Dong et al.1 9 9 6 ) . Mnoh® studie proks8zaly
saphena magna, kter8&8 se nejlastnji pkoour o2nv8& nj? a
bypass, hraj2 dTlegitou r olirezetvah 2042 gi v D

Dreifaldt et a, 201 1) . PSedchoz?2 studie Pbrsag@aeho m
anatomie 3. LF UK d8l e prok8zaly neovask
stavT i I nti m8I n?2 hyperpl azie ,2088b;vena

Lamedschwandtner et al2004b).
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Naopak prac? na t®ma vasa vasorum Kkoron
dosud publikovg&no mnoho. Viznamnou publ i
pr TbDh vasa vasorum na norm8ln2?maprase|
vasorum interna, dr olbinme nc ®kvo/r, o k8 renr2® tveypsnt:
jej?2 sthDny a vy200i0v3u)j.2 Tjyit o( &°®svsyl neetb ydly. dc
zdr av®ho sr dc erozpoduethoos und§ | zeazv ebdyelnowu def i ni
tedy, ¢ge se jedn§ o syst®m c®v, kterl z8§
kalibru a vystupuie adventicie mat e Ss k ® , ¢988by (Jol
Anagnostopoulos et all979; Kwon et a].1998; Gé&inger, 1951).

Naopak detail n?2 pspguigsejgiidh sahlacpmpn Dnmio,v Nik aj,
model u byl dl ouhou dobu na okraji z8j) mt
poskytli vl 8 . stolet2 wvon Haller a Hildebrant,
Vieussensi (Haller, 1757; Hildebrandt, 1792). Nd @l omu 19. a 20. S
publi kov8&8no vRDtg2? mnogstv2 publikac?2, Kkt
nachg8z?2 upouzeelvkl ch ¢§il (Bardi na, 1954;

Mechani k, 1934). ApochawgebD3Rpubh8kbedhnDyv
kde popsal e xs s emda k acrhdlio8plni?2 cvh  gi | 8§ch,

pS2tommdstamywokardi 8l n2ch ¢gil 8ch (Arkhang

z8) mu o morfologii koron&8r n2c hleteche2®.en §i |
stolet2 po rozvoji novlich | ® ebnlch modal
zej m®na kanyl aci koron8Sretmhmogr gidma, klatr e
(Chitwood, 1992: Cordell, 19%%)] Tchazari, ) §t
srdce wsmdes8tlch | etech 20. stol et 2 popsa

hned nDkoli k autorT (Tschabitscher et al
1998; Cendrowsk® i nkosz a Ur banowicz, 2000; Ger b

al., 2001;0;al e et al ., 2001; Ho et al ., 2004)
pouze na hlavn2 g¢giln2 kmeny, ni kol i v na |
Jeg®mMe g chlopnhD g¢gi l |l i dsk®ho srdce a | e
vasa nervorumt e dy drobn® c®vy, kter® vygivuj ?
Vizkum vasa neroVorvu mtha lalé¢da 4 My rt| a von
Miklosich etal, 1 8 7 8 ) . Na jehpoboudsnib | &8 zAadams,

popsal subendolarm®diddmrzovigervyhl aktn? Kk men
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(Adams1942) . Johnson eézharlgem®&spreakrv epmo?p st

skrz wvasa nervorum u ani m8l n2 hol9%8a.del u e

NejdetailnhDjg2 popis nervovich plexT a
tis2cilet?2, ni cm®&nN |j eho pkrr8cjeo vsle (,VWaasuaz an
2000).
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3.C2 |l e dizertaln?2 prs8gce

C2lem dizertal n?z pr8ce bylo popsat stru

tepen na anim8ln2m modelu srdce prasete.
Jednotliv® d211]2 c2le byly n8sleduj2c?2:

l. popsat historii term2nu vasa vasorum

2. popsat pS2padn® vedlejg2 anatomi ck® n:
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4. Metodika

41. Pougi t® | aboratorn?2 metody
411N8st Si k tug?

Sedm prasel 2ch srdc? byl o skrz Yst?2 kor
naSedfomNrvuf ylzzilolsogi ckTm roztokem. nSrdce
totd®M%»v formolu po dobu 10 dnT. Ng§sl| ednl]
horn2ho, st Sedn?2 h camus intatveritrioutadis oantesics gpole nt u

sdoprovodnTl mi gi | ami a pSilehlTm epikar ¢
segment T se pdbyROvanmy &acoit&y byly n8sl e

chirurgickou lupou.

412Hi stol ogi ck® zpracov§gn?
TSingct prasel2ch srdc2 skupiny bylo fix
dnT. N&8slednh byly odebr&ny tk&8Rov® bl ok
arteria interventricularis anterior spoldso pr ovodni mi il ami a pS$S
amyoka d e m. D®l ky vybranTch segmentT se pobh
do paraf2nu byly vzorky rozS2znuty pS2]| nl

Ffezy byly bar veenoyzi meemgt oWeyilgenretrovi m el as
Van Giesonovim kontiabhtrememmadreindot el i §I
34.

Vzorky byly n8slednD vyhodnoceny pomoc?

413N8st Sik pryskySic2 Mercox
Gestnsgct prasel2ch srdc? bylo nejadS2ve
fyziologickim roztok@8m AGhSPwoltm® rmal 6 e 2RI
pol ymerovan® prys k@-3B; cadd Researoh, Burlingtad,eVA)c o x
jemnhD sm2ch8no s 5 ml monomern2 Kkyseliny
urychlovale a vstS2knuto tlakemehbylaky sk
zastavena, kdyg byly naplnBDny nepnv®di®2 ¢
s2nhN. Vzorky byly pot® ponech8ny pSi pok
aby se umognila polymerace injektovan® p
ottplotND 60 AC k temperovg&n2? pSes noc. N §
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roztoku 7,5% hydroxidu draseln®ho pSi t
organickl materi 8l . Po maceraci byly zbl
opl §chnludwyandoeusstvodou a ilboring dp®nkyseleyny na
mraven| 2. N8slednhD byly vzorky zmrageny
byl vy pot® | yofilizovsgny a nal epeny n a
kol oidn2ho uhl2ku. | Wamoh®opan@&gedli tployno b
20nm zlatem.

N8§sl ednD byly vzorky zkoum8ny pomoc? ra
Nova NanoSEM.
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42. Skl adba dizertaln2 pr8ce
Di zertal n?2 pt §¢g& wvpybhs§kdv areimonotematiokg akt ov

zamNRSenT chPrpwnk?l ijkemcpSehl edovim || §nkem,
poug2vs8§n2m term2nu vasa vasorum. Dal g2 t
srdci, kterlT sloug? |jaka RDecrhitms!ln28 nmodcel |

pops8na metodi kabrexzpenzmewasa seasorum koc

spolusni mi i vedlejg2ch n8lezT jako jsou g¢gil
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5. Publikace

Kapitola shrnuje |tySi i mpaktovan® publ i
jako spoluautor, nebd&kajge ®p pumdmkaaot orj em.
shrnuj2c2 kl2]ov® body publikace. Origin:

5.1. Vasa vasorum: old term with new problems

Citace: MUSI L, VIiadi m2r ; GACH, RAGZEETE ; KAC
Ma t ISTINGL, Josef. Vasa vasorum: an oldnewith new problemsSurgical and

Radiologic Anatomy 2018, 40(10), 11591164. ISSN 0930038 DOI:
10.1007/s0027©1820683. IF: 1.003/2017

511. bvod a metodi ka

Term2zn vasa vasorum byl poprv® pougit
Ludwi gem, npioscl ne®dnnl? cahg nDk ol i ka deeddtoirine®t 2 c
| iteratuSe v2ce skl oRov§&n. DTvodem | e

kardiovaskul 8rpe¢ghcbgematoDoyjivhraj?2 va
C2lem studie byl o poposraumfp Tjvaokdo toefrinin8ul nA
terminologick® jednotky, popsat jeho rol

se na nejlastnNjg?2 chyby v jeho pougit?2.

Term2n vasa vasorkum htowin Dv y8h | eLdF8N/&BiKnp dwi 2 L
kni hovnGdogleRnjlB cvh madvc2nsk® datab8zi Medl in

512. Vi sl edky, diskuze a z8vDr

Prvn? popis krevn2ch c¢c®v z8sobuj?2c2ch s
krevn?2 c¢c®vy byly poprv® pojmenovs8ny |jako
zTst al nezmNDeMostaig @oj sosbal §st2 ofici §l
PSi soul asn®m pokl esu poug?2vgn? l atiny
gramatickTch chyb v poug2vgn28tédedmnhrg ck
vydanlich od druh® polokon§n@Ovelshk®| mhdgd
tojakvt ext u | | §nrekhuwo, staankotin®m n8zvu. Byly 1id
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Avasa vasor umf, Avasa vasori umif, Avasa
vpougdg2vsg§n2 term2nu Avasa vasomumie mEWOW®
probl ®my pSi prohled8vsgn2 | ®aSsklch dat ;
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Abstract

Purpose The aim of the study was to describe the origin of the Latin anatomical term vasa vasorum and its role in current
medical research and to present examples of grammatical errors in its use.

Methods Literary searches oriented on the term vasa vasorum were used to identify publications using it in the medical
literature from the seventeenth century up to the present.

Results The Latin term vasa vasorum was introduced by Ludwig in 1739. The vasa vasorum became an important topic in
clinical research around the middle of the twentieth century, with implications in angiology, cardiology and cardiosurgery.
‘We report 18 grammatical errors concerning the use of the term vasa vasorum, starting from the year 1959. A similar decline
in the correct use of Latin terminology is also evident in other medical research disciplines.

Conclusions The numerous errors found in the use of Latin terminology in recent medical literature have occurred as a
consequence of decreased use of Latin in the medical community. The only way to improve this situation is by improving

awareness of international standard anatomical terminology, which is available worldwide in both Latin and English.

Keywords Vasa vasorum - Development of the term - Recent incorrect use of the term - Terminology - Anatomy

Introduction

Although the anatomical term vasa vasorum has been
used for nearly three centuries, its use in clinical research
appeared in the beginning of the 1930s. Since then, the vasa
vasorum have been the subject of intensive interdisciplinary
research. Among other vascular diseases, their role in the eti-
ology of atherosclerosis and venous graft disease has gained
great interest in clinical research [for reviews, seein 1, 4, 5,
9, 10, 14]. It is therefore not surprising that this term is very
frequently cited in many scientific publications.

During the last 15 years, our research group has paid
great attention to the morphology of the vasa vasorum (VV),
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above all in normal and diseased human great saphenous
veins [11]. Of our publications, the most recent was focused
on the arrangement of VV in the walls of explanted venous
bypass grafts that had failed as a result of graft disease [18].

In our literary searches conducted over the last few dec-
ades, we repeatedly faced, above all in the articles published
in English, numerous grammatical errors, connected with
the use of the Latin term vasa vasorum, From the general
point of view, there is no doubt that the linguistic deforma-
tions of the key terms can produce serious difficulties in
their use in search systems and aggravate their correct use
in future research.

The aim of our study was to present, in the form of a
short article, the origin of the term *vasa vasorum™ as an
official anatomical terminological unit, to describe its role
in current clinical research and to focus on the most frequent
grammatical errors in its usage.

@ Springer
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Materials and methods

We reviewed the literature to find occurrences of the term
“vasa vasorum’ in literature concerning coronary arteries,
cardiac veins and venous aorto-coronary bypasses. The fol-
lowing sources were used:

e Google Books [13, 17, 21].
e Official anatomical terminologies [2, 3, 6].
e Other sources:

— The Library of the Third Faculty of Medicine,
Charles University, Prague.

— The Library of the First Faculty of Medicine, Charles
University, Prague.

— The National Library of the Czech Republic.

~ Medline OVID®,

Results

The following data were collected form the above-mentioned
sources.

Historical data concerning the term “vasa vasorum”

At the beginning of the period of modern anatomy, i.e., in
the sixteenth century and during the first three-quarters of
the seventeenth century, knowledge of the structure of the
vascular wall was based on the work of Galen, who wrote
that the vascular wall consisted of two to four membranous
layers, referred to as tunicae. The blood supply of the vas-
cular wall, however, was not mentioned during this period.

A breakthrough in the understanding of the morphology
of the vascular wall came from Thomas Willis (1621-1675,
London, Great Britain), who wrote the “Pharmaceutice
rationalis” in the year 1678 [21]. In this work, written in
English, he defined, again in accordance with Galen, four
layers of the arterial wall: the outermost/nervous layer, reti-
form/glandulous layer, muscular layer and an interior layer.
He described the outermost layer as containing “all kinds of
vessels, and especially of the sanguiferous...” and character-
ized these vascular structures as resembling “a certain ner
everywhere the arterious tube; from which very small sur-
sulcs or little shoots of every kind of vessels, shoot for thin
to the other underlying coats of the Artery”. It is important
to note here that he described adventitial vessels entering
deeper layers of the vascular wall.

By the end of the seventeenth century, data concern-
ing the vascularization of the vessel wall were gradually
supplemented with further morphological details. The

@_ Springer

most important contribution was made by Frederic Ruy-
sch (1638-1731, Leyden, Netherlands), who published
a study of the arterial supply of the wall of the ascending
aorta in the year 1696 [17]. In this work, he described, and
graphically depicted, the “vasa arteriosa”, small arter-
ies, arising from the coronary and internal mammary
arteries that travel to the aorta and branch within its wall
(“ramusculi arteriosilarteriolae..., per tunice Aortae
distributae”)—(Fig. 1.)

Other significant data regarding the arterial wall structure
were specified by Christian Ludwig (17091773, Leipzig,
Germany) in 1739 in his special work called “De arteri-
arum tunicis” [13]. He too distinguished four layers (tunica
celluloso-vasculosa, tendinosa, glandulosa, musculosa).
This author, the first in the history of anatomy, used the
contemporary term “vasa vasorum’ for vessels supplying
the arterial wall. He further stated that all these small ves-
sels (“minutissimi vasculi””) branch from the outermost layer
deep to the arterial wall (*...vasa ab exterioribus tunicis ad
interiorem...”).

From the end of the eighteenth century the term vasa
vasorum began to be used in anatomical literature in gen-
eral to designate a system of vessels feeding the walls of
arteries and veins, for which it is typical that its feeding
vessels and largest branches are placed in adventitia from
where they branch to deeper layers, first of all to the outer
layer of media. In 1895, this term was also included in the
first official anatomical terminology [6] and has remained
unchanged in subsequent editions [2, 3].

The use of the term in modern anatomical
and clinical research

The development of sophisticated injection and histological
techniques led to the detailed description of the microstruc-
ture of the vasa vasorum towards the end of the nineteenth
century. Although it subsequently seemed that these descrip-
tions would remain as a cluster of insignificant theoretical
facts in the archives of descriptive vascular anatomy, it even-
tually turned out that this was not at all the case.

To better understand how rich and delicate the network is,
we would like to present a figure from one of our previous
publications [7], which demonstrates the vasa vasorum in the
wall of a normal human great saphenous vein after injection
by India ink and Mercox resin corrosion casting (Fig. 2).

In 1938, Winternitz et al. [22] published their outstanding
and important monograph dealing with the morphology and
pathophysiology of atherosclerosis. Following this publica-
tion, attention was started to be paid on the role of the vasa
vasorum in the origin and further development of athero-
sclerosis. Over the following decades, research in this field
steadily increased. In the 1990s, a breakthrough was made
when pathological neoangiogenesis of the vasa vasorum was
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Fig.1 Ruysch’s arterial injec-
tion of the cardiac arteries,
including the aortic vasa vaso-
rum [17]

postulated as being one of the dominating ethiopathogenetic
factors in the etiology of atherosclerosis and in venous graft
disease [for reviews, see in 10, 12, 16, 19, 20].

It is not thus surprising that with the increasing number
of publications focused on the vasa vasorum, an increasing
number of grammatical errors occurred. The next part of the
present study deals with this problem.

Errors in the use of the term

In 18 works, published from the second half of the twenti-
eth century until the present, we identified many cases of
incorrect use of the term “vasa vasorum”. The errors are
listed below, with reference only to the year of publication

@ Springer
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Fig.2 Vasa vasorum in the wall of normal human great saphenous
vein. Upper: VV network after India ink injection. Bar=5 mm. Mid-
dle: VV in Mercox resin corrosion cast. Bar=500 pm. Lower: details
of right lower part of the previous figure. Bar=500 um. A artery, C
capillary, v venule, V vein. Reprinted with permission of the Editorial
Board of the Journal from [7]

and without the names of the authors or journals. The
identified errors can be divided into two principal groups:

1. Terminological errors occuring in the titles of articles

@_ Springer

¢ vasa vasorium (in 1959);
e vas vasorum (in 1998);
e vasa vasoritis (in 2000);
e vasa-vasoritis (in 2008);
e vasa vasora (in 2011);

2. Terminological and grammatical errors occurring in the
text

e vasa vasorum lymphorum (in 1968);

e vasa vasora, venae vasora (in 1978);

e vasora (in 1991);

e vasa-vasorum (in 2008);

* vasa vasorium (in 2008 and 2010);

e VV=femininum: vasa vasorum internae, vasa vasorum
externae (in 2007);

e VV=singular: “...vasa vasorum is...” (in 1986, 2004,
2011, 2014, 2014 and 2015).

Discussion

Our results show that as the number of studies focused on
the vasa vasorum has increased in recent years, so has the
number of its grammatical and terminological errors. This
fact is quite easy to explain. Latin, as a medieval global lan-
guage of university education and scientific communica-
tion, began to be gradually replaced by French, German and
English from roughly between 1700 and 1850 (we can find
a number of exceptions; however, they are not important at
the moment). As it began to be used less frequently, errors
in its usage began to appear. The first error in the use of the
term “vasa vasorum” occurred in a study from the year 1959
and since then the occurrence of such errors has steadily
increased.

While the official international medical terminology (for
anatomy, histology and embryology) is still based on Greek
and Latin, for already a long period of time these languages
have not been used actively in theoretical and clinical medi-
cine. This has quite naturally led to a decline in the quality
of use of these languages, particularly in Latin grammar, and
to mistakes in the terminology being accepted by editors of
scientific journals.

Grammatical and terminological mistakes concerning
other anatomical terms have also been noted. Two of our pre-
vious studies focused on the locomotor system, specifically
on the clinical anatomy of calcaneus and Achilles tendon,
and noted several Latin terminological discrepancies [8, 15].

There is no doubt that Latin will remain an essential com-
ponent of medical terminology worldwide for a long time
in the future. It is thus predicted that during this time, the
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use of correct terminology will continue to decline and may
have a serious negative impact on many medical disciplines.
In the case of the vasa vasorum, this may lead to misunder-
standings in anatomy, pathology, molecular biology, genet-
ics, angiology, cardiology and cardiosurgery.

Our observations are valid not only for specific fields of
medicine, but rather for medicine as a whole. The authors
believe that the best way to maintain a high quality of scien-
tific communication is to follow two main points. The first
is to improve our knowledge of the history of the anatomical
structures. Secondly, we encourage researchers to become
more familiar with the international anatomical terminolo-
gies, presented in the Terminologia Anatomica [3], which is
available worldwide in both Latin and English.

A great advantage of the Terminologia Anatomica is that,
regardless of its large extent (it contains recently over 7000
terms, covering systematically all body parts), it not only is
a rigid vocabulary of the anatomical units, but readily and
fluently implements new expressions, introduced into prac-
tical life, in connection with the needs of many developing
medical disciplines.

Another advantage is also that the representatives of the
FIPAT are very receptive to new terminological proposals,
which they evaluate and consider implementing into subse-
quent editions of the terminology.

The quality of our future scientific communication
depends therefore not only on the terminological institutions
themselves, but also, and maybe above all, on the active
endeavours of the whole medical community.

Conclusions

The first description of the blood vessels supplying the walls
of arteries and veins was published in the year 1678. These
blood vessels have been referred to as the vasa vasorum from
the year 1739 and this term has remained unchanged until
the present, being included in the official anatomical termi-
nologies. With the current decline in the use of Latin in both
theoretical and clinical medicine, the number of grammati-
cal errors in the use of the term vasa vasorum, as well as
other classical Latin anatomical terms, has been increasing.
This may subsequently result, above all, in serious problems
when searching medical databases. Competent representa-
tives of international anatomical societies should consider
the necessity of the more accurate use of Latin terminology
not only in clinical anatomy, but also in other medical dis-
ciplines. Finally, we believe that better and more detailed
knowledge of the history of anatomical structures will result
in a substantially higher quality in the use of appropriate
anatomical terminology.
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5.2. Morphology of the vasa vasorum in coronary
arteries of the porcine heart: a new insight
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periarteri 8l n2 a subepilkcar dvie8Imi2 nparl oBntuo r|
mini mgln2mu pS2sphNRvku k prokrven2 sthny

tyto tepny za speci 8l n2 typ vasa vasorum

Obr. 5 Mercoxovl korozivn2?2 prepar §t st Se
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ng&§slednhD v adventicii 8gyid&waj)z vasa
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Obr. 6 Mercoxovl kor oz iuwamisinervenpiaular8t st Se

anterior

KOBE MBU AV CR. v.v.i. 20

Koron8rn2 tepna (1) a jej?2 drobn8 vDtev
kmene a nggnl edniBdse ubu dNRDI 2 na dviD vDtve
d8l e vyds8wvaiPkyeta®nalNDeny hvRDzdil kou), Kk

(gipky)
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Introduction: The vasa vasorum interna were described during the last decade as a special kind of vessels
originating directly from the lumen of the paternal artery and participating in the nourishment of its
wall, especially of the aorta and coronary arteries. At the same time, their existence was repeatedly
denied/negated by many other authors.

Aim: The purpose of the actual study was the anatomical verification of the existence of the vasa vasorum
interna in porcine coronary arteries.

Materials and methods: The vascular supply was studied on the wall of the anterior interventricular branch
of the left coronary artery on 36 hearts taken from healthy pigs. Light microscopy, vascular injections
and scanning electron microscopy were used for the analysis of 141 samples.

Results: In only two cases small arteries resembling vasa vasorum interna and originating directly from
the lumen of the coronary artery were found. But, in both cases these vessels ran without branching,
passed over the whole thickness of adventitia and branched in the wider periarterial space. In contrast
to this all feeding arteries of the vasa vasorum arose from the larger branches of the paternal artery,
branched entirely in its adventitia and did not enter the media.

Conclusion; Due to the very low incidence of these small arteries originating from the lumen of the
paternal artery and the absence of their participation on the nourishment of the arterial wall we came to

the conclusion that it is not suitable to use the term “vasa vasorum interna” for their designation.

© 2019 Elsevier GmbH. All rights reserved.

1. Introduction

While reviewing the literature we came across a large body
of work, focused on the study of pathological angiogenesis of the
vasa vasorum (VV) and its potential role in the bypass graft disease
(review see Stingl et al., 2018) and in the etiology and pathophys-
iology of atherosclerosis of the coronary arteries (see Williams
and Heistad, 1996; Kwon et al., 1998; Mulligan-Kehoe and Simons,
2014).

During this research we came across the work of Gossl et al.
(2003a), who described three subtypes of VV in the walls of porcine
coronary arteries by using micro-CT: vasa vasorum interna (VVI),
vasa vasorum externa (VVE) and venous vasa vasorum (VVV). These

* Corresponding author at: Centre of Scientific Information, Third Faculty of
Medicine, Charles University, Prague, Czech Republic.
E-mail address: viadimir.musil@If3.cuni.cz (V. Musil).

https:({doi.org/10.1016/j.aanat.2019.02.006
0940-9602/© 2019 Elsevier GmbH. All rights reserved.

results rapidly gained wide spread popularity and the work was
highly cited. The most surprising part of their results for us was the
description of the presence of the VVI as we had not detected them.
In our previous work the VV of healthy vessels were detected only
in the adventitia and in all cases arose from neighboring vessels.
We did not notice any cases of the VV arising from the lumen of the
same vessel it supplied.

The blood supply of the wall of the aorta was first described
in 1678 by Thomas Willis and graphically depicted by Frederik
Ruysch in 1695. However, it was not until 1739 that Christian G.
Ludwig introduced the Latin term “vasa vasorum”. After further
terminological details were specified the term was used in vascu-
lar anatomy throughout the 19th century. In 1895 it was included in
the first official anatomical terminology (His, 1895) and remained,
unchanged, throughout all subsequent terminologies, including the
most recent (FCAT, 1998).
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