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Abstract Why do the saphenous vein varices arise?
According to our concept this is a process of slow
deconstruction of the vein wall by inflammation caused by
microbes penetrating plantar skin, colonizing deep tissues,
entering veins and sticking to valves, aswell as, transported
to lymphatics, bringing about damage to their wall and
evoking immune response in the inguina lymph nodes.
Venous stasis caused by a variety of hemodynamic factors
remains secondary to the primary damage of the vein
wall. With respect to ulcer, irrespective of the predisposing
factors as venous stasis, colonization of the denuded calf
surfaces takes place by bacteria drained from foot skin
and also those floating down to calf from the perineum.

Introduction

Why do the saphenous vein varices arise? What is
the primary factor responsible for destructive changes in
the vein wall leading to loss of mechanical resistance
to the flowing blood force? The commonly accepted
notion is the effect of venous blood pressure exerted
upon the wall. Hydrostatic pressure, destructed valves,
low effectiveness of leg muscle contractions are upon
the list. However, what is the primary factor weakening
the wall resistance to pressure, decreasing its thickness
and increasing vein radius? Our concept is a process of
slow deconstruction of the vein wall by inflammation
caused by microbes penetrating plantar skin, colonizing
deep tissues, entering veins and sticking to valves, as
well as, flowing to lymphatics, bringing about damage to
their wall and evoking immune response in the inguinal
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This set of microbes is responsible for progression of
ulcer or its delayed healing. In this study, the numerical
phenotypes of varicose veins and ulcer granulation tissue
bacteria were presented. The dominant strains in the vein
walls were Staph. epidermidis and aureus with Enterococci
and Pseudomonas frequent in ulcers. High percentage
of Staphylococci both in vein walls and ulcer sensitive
to antibiotics may suggest that they originated from the
microbiome inhabiting leg tissues prior to the devel opment
of varices and ulcer.

Keywords Venous ulcers, Cryptic bacteria, Persister
cells, Infection, Skin

lymph nodes (Fig. 1). Venous stasis due to a variety of
hemodynamic factors is secondary to the primary damage
of the vein walls. Nevertheless, the role of hemodynamics
in the development of tissue changes caused by retrograde
capillary hypertension remains crucial and adds to the
pathological picture e.g. by formation of edemaand ulcer.

What is a lower leg ulcer? It is a circumscribed
necrosis of epidermis, skin, and occasiondly also
muscular fascia, tendon or even underlying bone
with sluggish granulation and delayed covering by
keratinocytes migrating fromtheulcer margins (Fig. 2). The
inflammatory reaction is comprising a several times larger
mass of tissuethan the ulcer itself (Fig. 3-4). Following skin
micro-injury the colonization of denuded surface by local
skin and floating down perineal bacterial floratakes place.
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Fig. 1 - Schematic presentation of the lymphatic system participating in elimination of microbes penetrating foot skin in
normal conditions (right leg on drawing and lymphoscintigram) and in left leg with calf ulcer (red dot and extravasation of
isotope on lymphoscintigram). Arrow shows sites of penetration and transport lymphatic pathways of microbes, reaction
of inguinal and retroperitoneal nodes, flow to the thoracic dust and subclavian blood.

The predisposing factors are venous stasis with
excess capillary filtrate, high tissue fluid pressure,
erythrocyte extravasation, hemosiderosis and fibrosis, or
ischemia in atherosclerosis and diabetes with decreased
arterial supply of nutrients, or lymph stasis with excess
tissue fluid, high tissue fluid pressure and fibrosis, or
excessive fat deposition in the subcutis in pathological
obesity with excess tissue fluid and high tissue fluid
pressure. The common denominator, irrespective of the
predisposing factors, is colonization of the veins and
denuded calf skin surface by bacteriadrained from foot and
floating down to calf from the perineum.

Lower limb skin bacteria
Human skin has been considered to harbor acomplex
microbial ecosystem, with transient, short-term resident

and long-term resident biota, based on the consistency
withwhichthey areisolated. Staphylococcus, Micrococcus,
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Corynebacterium, Brevibacteria, Propionibacteria, and
Acinetobacter species are, among others, regularly
cultivated from norma skin. Staphylococcus aureus,
Streptococcus pyogenes, and Pseudomonas aeruginosa
may be transient colonizers, especially in pathological

conditions™?. These strains colonize any denuded skin
surface of lower limbs, among them ulcers.

Could bacteria be present in and around the
varicose veins?

The exact etiology of varicose vein formation and
development of ulcer is still full of questions. Are these
two entitieslinked with each other? Could dormant persister
bacteria in leg subcutaneous tissue be responsible for vein
wall destruction and subsequently ulcer formation?

We tried to detect bacteria in the varicose veins
(CEAP 2) and subcutis using two techniques.
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Fig. 2 - a. Classic X-ray Lipiodol lymphogram showing
extravasation of marker in the bottom of ulcer and a dense
network of fragmented lymphatics. B. Lymphoscintigram of
lower limb with calf ulcer (lower arrow) and decreasing in
size fibrotic lymph nodes (upper arrow). Lymph nodes and
vessels were damaged in course of spread of inflammation
from calf ulcer.

INFLAMMATION
EDEMA

Fig. 3 - Indocyanine green fluorescent lymphography after
injection into the foot lymphatics extravasating around the
ulcer (red circle) showing how large area of calf tissuesis
involved in inflammation.

Biopsy material was homogenized and cultured in
routine media and in another method, it was placed
on bacteriological culture plates and observed for 3
weeks. In this last technique, tissue environment for
bacteria was preserved and plate contained erythrocytes
(iron). This mimicked for bacteria a normal in-tissue
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Fig. 4 - a. Indocyanine green lymphogram shows area
of necrosis and around it extravasation of the dye in
the surrounding inflamed area. b. infra-red thermogram
depicting the extended area of increased temperature in
theinflamed region around the ulcer. Inflammation process
region is definitely larger than that of ulcer itself.

Fig. 5 - Fragments of the saphenous vein (left arrow) and
adjacent subcutaneous tissue (right arrow) on Hemoline
bacteriological culture plate with con-fluent bacterial
colonies (arrows). Bacteria grew supplied by tissue
nutrientsand “ crawled” upon culture plate. Days or weeks
of culture in warm-box were needed in most cases to see
bacterial proliferation.

situation. In addition, bacterial 16sRNA was identified in

Speci mens>. The control studies to eliminate the possibility
of contamination included instruments, gauze and gloves.
Operating room bacterial 6 h fall-out was done routinely
with sporadically 1-2 Staphylococci colonies per plate.
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Type

GSV (varicose)

GSV + femoral vein (normal)

Skin above varix (after disinfection)

Specimens
100
25 4
100 4 4

Infected %
40 40
16

Table | - Bacteriology of varices of the great saphenous veins (GSV).

Staphylococci: coagulase-neg
- epidermidis

- hominis

- hemolyticus

- capitis

- warneri

- intermedius

S.aureus

Micrococcus spp
Branhamella catarhalis
Aerococcus viridans
Enterococcus faecium
Acinetobacter
Gemellamorbil

Strept. mitis
Pseudomonas

Varicose GSV

Control GSV
and femora vein

= S\
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Table |l - Bacterial isolates from varicose great saphenous vein (GSV).

Bacterial isolatesin varicose veins

In our studies, varicose veins specimens stage
4 (CEAP classification) revealed presence of bacterial
isolates in 40%, whereas controls taken from healthy
cadaveric organ donors contained live bacteria in only
4%.(Table | and Il) Disinfected skin specimens from
the sites of varicectomy showed presence of microbes
in 4%. The dominant isolates from vein specimens
were Staphylococci, preponderantly coagulase negative,
however, in a few cases Enterococcus faecium was also
detected. Staphylococci were highly sensitive to antibiotics
except of penicillin (Table I11). Thirty-three percent
of isolates were methicillin-resistant. The 16sRNA was
detected in 69% of specimens, evidently higher than the

percentage of live bacteria cells®.

Vasculab

Bacterial culture on the Hemoline plates reveaed
microbes migrating from the outer aspect of varices,
adjacent fat but not muscles (Fig.5)

Bacterial isolateson ulcers

Bacterial phenotypes on ulcer exudate remained
similar to those identified on adjacent skin, however,
the numerical distribution of strains became different.
Strains of gram-ve Bacilli dominated over others and
the number of colonies was doubled (Table 1V ). This
may be the results of more favorable environmental
conditions on the granulation tissue for some strains or
less favorable for others. Interestingly, bacteria cultured
from the ulcer surface revealed increasing resistance to
antibiotics compared with the flora taken from the normal
leg skin (TabIeV)3. Still, sensitivity to antibiotics remained
high.
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Penicillin
Cotrimoxazole
Gentamycin
Erythromycin
Clindamycin
Tetracyclines
Minocycline
Vancomycin
Teicoplanin
Rifampicin
Nor/Quinolones
Fusidic acid
Nitrofurantoin
Quinupristine
Oxacillin

Staph.coagul ase-negative Staph. aureus
32 27
95 91
95 82
68 63
74 73
68 73

100 100
100 100
100 100
100 100
74 91
79 91
84 91
100 100
73 67

Table 11l - Sensitivity to antibiotics of bacterial isolates from varicose fragments of the great saphenous vein. n= 40

specimens (in %).

Aeromonas
Citrobacter
Acinetobacter
Pseudomonas
Klebsiella
Providencia
Enterobacter
E.coli
Serratia
Proteus
Pasteurella
Morganella
Alkaligenes fec

Gram +ve Corynebactrium

Bacilli gram —ve Cocci gram +ve

1 Staphylococcus aur 19
2 Staphylococcus cogulase —ve 9
6 Streptococcus 4
18 Enterococcus 16
3

6

1

2

2

9

1

2

4

8

Table IV - Numerical frequency of bacterial isolates from varicose ulcer (n=56 patients).

Do bacteria colonizing ulcers originate from is laden with bacteria while devitalized tissue impairs the

foot and perineal skin?

body's ahility to fight infection and serves as a pabulum for
bacteria growth4. In order to answer the question whether

Our studies clearly showed that bacterial colonization  foot and ulcer floramay be similar to that of perineum, we

and superimposed infections are common in venous leg  cultured skin smears and compared bacterial phenotypes.
ulcersand contribute to poor wound healing. Necrotic tissue
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Antibiotic Cocci
Varicose ulcer Normals

+++ + +++ +
Penicillin 31** 12 28 2
Oxacillin 55 0 * 73 0
Kanamycin 25 8 * 44 8
Tobramycin 29 35 * 75 15
Gentamycin 48 22 * 85 4
Tetracyclin 28 42 61 2
Minocyclin 16 16 * 100 0
Erythromycin 43 13 59 8
Lincomycin 37 12 * 69 6
Pristinamycin 70 20 100 0
Fosfomycin 45 8 77 0
Rifampicin 77 14 91 9
Fusidic acid 63 27 77 18
Vancomycin 58 8 * 88 2
Cotrimoxazole 46 15 * 63 16

Table V - Sensitivity to antibiotics of bacterial isolates from 18 leg varicose ulcers and calf skin of 30 normal controls.
* p<0.05; ** 9% of sensitive isolates.

Site of isolation Straing/patient Cocci Bacilli

Gram +ve Gram-ve  spore spore non-forming

forming
Gram +ve Gram +ve Gram -ve

Perineum 240 66.7 0 0 139 194
Calf Skin 1.47 68.2 4.5 9.1 4.5 13.7
Toeweb 2.16 84.6 0 0 0 154
Venous ulcer 4.84* 38.9* 0 0 7.9 53.2*

Table VI - Frequency of bacteria isolates on perineal skin, calf skin, toeweb and varicose ulcer (in %). p<0.05.

Out of 17 toeweb isolates, 13 were of the same There are still severa question to be answered before
phenotype as perinea isolates (Table VI). The isolates we can achieve aprogressin healing of ulcers. They are:
were less sensitive to antibiotics than controls from

skin. Interestingly, around 40% of ulcer bacteria were - 1. Why does ulcer occur more frequently in the
Staphylococci. calf and foot than in the upper limbs or elsewhere ?
- 2. Is it local micro-trauma that initiates ulcer
Bacteria beside of being present on skin surface and development ?
in skin appendices, may dwell in soft tissues in a dormant - 3. Why does a rapid colonization of ulcer by
persister state®. They can be activated for proliferation upon skin residential bacteria develop so fast ?
stimuli as trauma, inflammation, ulcer, etc. - 4. Do perineal bacteria contribute to the ulcer

colonization ?
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- 5. Do the normally saprophytic skin bacteria
become virulent once they colonize the denuded
surface ?

- 6. Why do the colonizing bacteria proliferate
rapidly increasing the bacteria cell mass ?
- 7. Which bacterial strains dominate
- 8. Are there dormant bacteria
subcutaneous tissue (persisters) ?

- 9. Does a loca cellular memory to bacterial
antigens exist stimulating immediate recruitment of
granulocytes and macrophages ?

- 10. Is there autoimmune reaction to own
granulocyte and tissue debris and insufficient
granulocyte autophagy of incorporated bacteria ?

in calf

Taken together, presence of Staphylococci in CEAP
2 varicose GSV wall strongly suggests their causative role
in damage to vein structures. It may be presumed that
inflammation evoked by the Staphyloccoci antigens leads
gradually to CEAP 3, 4 and 5 and eventually 6 which is
an ulcer. Ulcer is colonized by Staphylococci originating
from skin surface already present in varices, whereas
gram-negative bacteria drifting from perineum secondarily
populate the granulation tissue.
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