
In developed countries, calcific aortic stenosis (CAS) has
become the most common acquired valvular disease and
reason for aortic valve replacement. The prevalence of the
disease increases with age, reaching 2–4 % in adults over the
age of 65 years (3).

Majority of cases of CAS are classified etiologically as either
senile (“degenerative”) – of a previously normal aortic valve
with three cusps, or based on congenitally malformed –
bicuspid aortic valve (Fig. 1).

Calcific aortic disease is considered a form of
atherosclerosis and, like the latter, of inflammatory origin (6).
The aim of our work was to study patterns of blood vessels
and lymphatics in CAS.

MATERIAL AND METHODS

From December 2008 to March 2009, twenty-eight
consecutive calcified aortic valves operatively excised at the
Department of Cardiosurgery for pure or predominant

nonrheumatic aortic stenosis were submitted for pathological
examination.

After gross examination and description, at least one tissue
sample was taken vertically from each valve cusp near its
center. The formalin-fixed specimens were de-mineralised with
the Sakura TDE solution in an automatic decalcifier, processed,
embedded in paraffin wax, sectioned and stained with HE and
elastica-Van Gieson stain. Immunohistochemistry was
performed using antibodies (Dako Cytomation) to the CD31
(blood vessels), and the D2-40 (lymphatic vessels) antigen.
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Souhrn

Krevní a lymfatické cévy v kalcifikované aortální stenóze. Příspěvek k teorii o její zánětlivé patogenezi 

V rozvinutých zemích je dnes kalcifikovaná aortální stenóza (KAS) nejčastější získanou chlopenní vadou. Je považována za formu
aterosklerózy a, stejně jako tato, zánětlivého původu. Většina případů KAS je stařeckého (sklerotického, “degenerativního” typu), vznikající
na normální třícípé chlopni, nebo vzniklá na podkladě vrozeně malformované – dvojcípé aortální chlopně.
Vyšetřili jsme 28 případů resekovaných chlopní KAS (18 stařeckého typu, 7 dvojcípých chlopní a 3 neurčitelného typu) – makroskopicky,
histologicky a imunohistochemicky (CD 31 na krevní cévy a D2-40 na lymfatika). V kalcifikovaných cípech byly prokázány krevní cévy ve
všech 28 případech, lymfatika pak ve 14 z nich. Častost a charakter vaskularizace byly obdobné u obou typů KAS. Je diskutován původ
těchto cév.
Nález přítomnosti krevních a lymfatických cév, spolu s přítomností lymfocytárních infiltrátů podporuje teorii zánětlivého původu KAS.
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Table 1. Calcific aortic stenosis (n=28)

Type n M/F Aver. age (yrs.)

Senile (3 cusps) 18 11/7 70.7

Bicuspid valve 7 6/1 57.0

Indeterminate 3 2/1 63.0

Total 28 19/9 66.5
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RESULTS

The type of CAS and the patients’ demographic data are
summarized in Table 1.

CD31+ blood vessels were present in the cusps in all 28
cases (100 %). They were mostly thin-walled, delicate,
irregularly shaped, some of them of sinusoidal character. The
vessels were arranged in groups typically localized in the
vicinity of calcific foci (Fig. 2) and also beneath the surface

area. They were usually empty; in only 10 cases (36 %) some
of them did contain blood elements. In 14 cases (50 %) there
were, in addition, also thick-walled blood vessels, localized
mostly in the basal portion of the cusps.

Lymphatic vessels were demonstrated by the D2-40
antibody in 14 cases (50 %), scarcely interspersed among the
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Fig. 1 Surgical specimens of CAS: a) senile – “degenerative” type;
b) bicuspid aortic valve

Fig. 2 CD31+ thin-walled blood vessels in the vicinity of a calcifi-
ed nodule

Fig. 5 Chronic inflammatory infiltrate (H&E stain)

Fig. 3 D2-40+ lymphatics

Fig. 4 D2-40+ lymphatics intermingled with negative blood ves-
sels
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blood spaces (Figs. 3, 4). Their morphology and distribution
was similar to the blood vessels, i.e., they were found related
to calcific nodules.

Aggregated areas of inflammatory infiltrates of mostly
lymphocytes and macrophages were observed in 24 cases (86
%). They were typically associated with the areas of
vascularisation (Fig. 5).

Five valves (18 %) contained foci of metaplastic bone tissue
(11).

There was practically no difference between the senile and
the bicuspid type of CAS in the incidence and patterns of
vascularisation, of inflammatory infiltration, and of bone
formation.

DISCUSSION

In the past, calcific aortic disease was thought to be due to
degenerative, time-dependent, wear-and-tear of the leaflets,
with passive dystrophic calcium deposition. Now, there is
compelling histopathological and clinical data to suggest that
CAS is an active disease process akin to atherosclerosis,
involving endothelial injury, lipoprotein deposition, foam cells,
neovascularisation, chronic inflammation and leaflet
calcification, and associated with similar risk factors (6).

Descriptions of the presence of blood vessels in the valves
of human hearts vary. The prevailing view maintains that
normal aortic valve cusps are nearly avascular (1, 2, 9, 10).
Cuspal vascularisation seems to be a feature/consequence of
valvular inflammation – endocarditis.

To the best of our knowledge, there is no study discussing
origin of the vessels. Partically, there are only three possible
pathways to aortic valve vascularisation: [1] ingrowth of
vessels from the region of the valve ring, [2] infolding of the
valvular superficial endocardium, and [3] in situ origin –
neoangiogenesis (Fig. 6).

ad 1) The thick-walled vessels observed in basal parts of
cusps in 50 % of our cases (Fig. 6a) are probably of coronary
origin, growing from normal vessels present in the region of
the valve ring. The finding of blood within the lumina of cuspal
vessels in these cases is thus understandable. Among the 10
cases with the content of blood in cuspal vasculature, there
were 8 with thick-walled vessels.

ad 2) The thin-walled vessels were not infrequently found
running parallel with the cuspal surface and we have
occasionally noticed infolding of the superficial endocardium
(Fig. 6b). In such an event, the blood in the vessels may come
from the circulation.

ad 3) There are at least three morphological features in
favour of neoangiogenesis: firstly, there was no trace of
supplying vessels in the base of the cusps in 50 % of cases;
secondly, the vessels correlated with foci of calcium and
inflammatory infiltrates; finally, in areas of dense vascularity,
the CD31 immunoreaction visualized also non-luminized
endothelial sprouts (Fig. 6c). As the source of blood in the
neovasculature regards, we speculate that at least part of it
communicates with the cuspal surface.

An early event in aortic valve disease appears to be
endothelial injury. Lymphocytes and monocytes must enter the
valve from the circulation, in response to endothelial
dysfunction. Angiogenic growth factors excreted by both
endothelial and inflammatory cells are likely to induce
angiogenesis in the calcified aortic valve. Angiogenesis further
influences progression of CAS (6–8). 

The cardiac lymphatic system has been investigated by
observations using dye-injection techniques, electron
microscopy and lymphangiography (4). In recent years,
lymphatic endothelial cell specific proteins have been

identified immunohistochemically, including D2-40 antibody
(5). Lymphatics have not been found in normal aortic valves.
The presence of lymphatics in CAS was noticed by Kholova
(personal communication, 2008). To the best of our
knowledge, however, our paper is the first systematic study on
this topic.

The immunohistochemistry showed sparse lymphatics
intermingled with predominating blood vessels. The two
types of vessels had the same distribution – around calcific
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Fig. 6a) Thick-walled blood vessels in the base of a cusp (H&E
stain); b) Infolding of the endocardium from the valvular surface,
possibly giving origin to small vessels (CD31); c) Non-luminized
endothelial sprouts and small vessels (CD31)
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focuses. It is thus reasonable to suspect their common
origin in situ.

To conclude, the finding in CAS of blood and lymphatic
vessels together with lymphocytic infiltrates supports the
inflammatory theory on its pathogenesis. The designation
“degenerative” for CAS thus seems inappropriate. We suggest
alternative terms – “sclerotic”, or “senile” CAS.
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V tomto roku si pripomíname 80. výročie
narodenia prof. MUDr. Jozefa Babalu, CSc.
Narodil sa 3. marca 1930 v Bratislave, kde
vychodil ľudovú školu a väčšinu tried gymná-
zia. Ako mladý gymnazista mal možnosť
v rokoch 1946–1948 študovať na lýceu
v Dijone a Nimes vo Francúzsku ako štipen-
dista francúzskeho ministerstva školstva. 

Na Lekárskej fakulte Univerzity Komen-
ského študoval v rokoch 1949–1955. Po
úspešnom ukončení štúdia ihneď nastúpil na
Ústave patologickej anatómie ako sekundár-
ny lekár. Vzťah k patológii ovplyvnil jeho prvý
učiteľ prof. Klein, vtedajší prednosta ústavu,
ktorý mu vo večerných hodinách svojou
paličkou rád zaklopal na okno pitevne so slo-
vami „tak čo Babalka, už to víte?“ Výborná
znalosť francúzskeho jazyka mu umožnila
absolvovať odbornú stáž na Univerzite Des-
cartes a na I. N. S. E. R. M. v Paríži na Uni-
verzite Louis Pasteur v Štrasburgu. Aj po návrate naspäť udržiaval
pracovné kontakty s oboma pracoviskami a výsledky spoločného
výskumu prezentoval v početných publikáciach a na odborných kon-
ferenciách. Jeho hlboké vedomosti v oblasti histopatológie zužitkoval
aj na dvojročnom pobyte na Univerzite v Sousse v Tunisku, kde pôso-
bil vo funkcii experta v rokoch 1984–1986. V rokoch 1987–1988 bol
prednostom Ústavu patologickej anatómie LF UK. 

Vo svojom profesionálnom živote sa venoval najmä problematike
kardiovaskulárnych a gastrointestinálnych ochorení ako aj patológii
detského veku, kde veľmi úzko spolupracoval s prof. Benešovou.
Počas svojho profesionálneho života mal možnosť spolupracovať
s mnohými vynikajúcimi odborníkmi v oblasti patológie ako prof. Loj-
dom z Prahy, prof. Phillipom zo Štrasburgu, prof. Dreyfusom,

prof. Rumeau-Rouquettom a prof. Collinom
z Paríža a inými. Bol autorom vyše 150
odborných publikácii a veľkého počtu pred-
nášok na domácich a zahraničných podujati-
ach. Prof. Babala napísal niekoľko učebných
textov pre poslucháčov medicíny. Počas
svojho pobytu v Tunisku napísal učebné tex-
ty pre poslucháčov lekárskej fakulty vo franc-
úzskom jazyku. Väčšinu svojho života však
strávil na Ústave patologickej anatómie LF
UK, kde pracoval až do svojej smrti 1. sep-
tembra 1993.

S manželkou Helenou, ktorá vyštudovala
Farmaceutickú fakultu, mali dvoch synov:
Jozefa a Petra. Obaja vyštudovali LF UK
a sú úspešnými odborníkmi vo svojej profesii
detského chriruga, resp. onkologického
gynekológa.

Odborný, ale aj súkromný život
prof. Babalu veľmi pekne vystihol vo svojom

oponentskom posudku odborného materiálu k menovaniu za profe-
sora prof. Stejskal, vtedajší prednosta Ústavu patologickej anatómie
2. lékarskej fakulty Karlovej univerzity v Prahe: „doc. MUDr. J. Baba-
la, CSc., predstavuje vyhranenú osobnosť spájajúcu vynikajúceho,
medzinárodne uznávaného vedeckého pracovníka, skúseného peda-
góga a široko vzdelaného odborníka vo svojom odbore. Je obdarený
kritickým pohľadom a postrehom pri riešení zložitých situácií, ktoré
dokáže nenásilne vyriešiť. Sám je veľmi skromný, jeho vystupovanie
na verejnosti je nenápadné, ale o to pôsobivejšie hodnotou svojho
prejavu.“

Prof. Jozef Babala navždy zostane zapísaný v našich mysliach. 

Prof. MUDr. Ľudovít Danihel, PhD.

OSOBNÍ ZPRÁVY

PROF. MUDr. JOZEF BABALA, CSc. – K NEDOŽITÝM OSEMDESIATINÁM
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