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1. Uvop

Samotny pojem mikrocirkulace je prekvapivé stary. Jiz v 17. stoleti, n€kolik desetileti po
objevu krevniho obéhu Williamem Harveyem popisuje Marcello Malpighi ,,vlaskovita“
spojeni mezi tepnami a zilami v plicich Zab a nazyva je vlase¢nicemi (capillaries). V roce
1920 ziskava Nobelovu cenu August Krogh za objev regulace kapilarniho pritoku u
kosterniho svalu. Souhrnné préce, popisujici poskozeni mikrocirkulace u diabetu mellitu, se
objevuji od 70. let minulého stoleti a celkové mnozstvi publikaci roste exponencidln¢ — v
soucasnosti téméf 3000 ¢lanki registrovanych v Medline.

Mikrocirkulace byva definovana jako suma cév o mens$im priméru nez 100 mikrometri,
zahrnuje arterioly, prekapilarni svérace, kapilary a venuly. VéEtSiné konvencnich
vySetfovacich metod je dostupna kozni mikrocirkulace, jejiz fecisté je ulozeno v dermis ve
dvou pletenich. Prvni, subpapilarni pleteni, se nachazi blizko rozhrani epidermis/dermis cca v
hloubce 500 mikrometrd pod povrchem kuze a jeji hlavni funkci je vyziva, druhd, kozni
pleteni je uloZzena v cca 1,5 — 2 mm hloubce. Ob¢ pleten¢ jsou propojeny spojkami, které
zejména v terminalnich ¢astech téla (usi, rty, biiska prstd, apod.) plni funkei termoregula¢nich
AV shuntt.

Obr. 1. Schéma kozni mikrcirkulace (Ackerman et al, 2005)
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2. MIKROCIRKULACE KUZE DIABETICKEHO PACIENTA

U diabetikli — nezavisle na typu diabetu — dochazi ke zvyseni celkového kozniho pritoku,
zaroven je snizen prutok nutritivnimi kapilarami ve srovnani se zdravymi osobami (Flynn et
al.). U diabetické neuropatie je i klinicky koncetina teplejsi, pletysmograficky jsou zndmky
vyssi perfuze. Tato skutecnost je dolozena tfadou praci — napt. Netten et al. zjistili zvySeny
celkovy prutok krve kizi u pacientt s diabetickou kardiovaskularni autonomni neuropatii —
(26,2 = 2,2 PU proti 16,1 = 2,0 PU u zdravych kontrol), zarovenn vyssi pocet viditelnych
kapilar a vyssi rychlost krevnich elementti pti kapilaroskopii. LDF sonda byla umisténa na
bfisku palce, v mist¢ s vysokym poctem AV shuntii. Funkéni zmény mikrocirkulace
pravdépodobné pfili§ nezavisi na dob¢ trvani diabetu - Houben et al. nalezli zvySené hodnoty
kozni perfuze u pacientli s kratkou dobou trvani diabetu ve srovnani jak se zdravymi
kontrolami, tak s pacienty s del$i dobou trvani diabetu.

V obdobné praci (Stansberry), kde byla méfena perfize na dorzu nohy, nebyly pozorovany
signifikantni zmény perfuze za bazalnich podminek, pii stimulaci teplotou (44°C) doslo u
zdravych k narGstu perfuze, u diabetikii byl tento nartst statisticky vyznamné nizsi. Pfi
porovnani zmén perfize podle v€ku subjekti byla nalezena vysoce signifikantni nepiima
uméra mezi vékem a narGstem perfuze u zdravych osob, podobna zavislost u diabetikt
zjisténa nebyla.

Rozdilim mezi pohlavimi se mimo jiné vénuje prace Karnafel et al., kde bylo vySetfovano 65
pacientd, zdravych dobrovolniki i pacient s komplikovanym a nekomplikovanym diabetem
mellitem. LDF vysetfenim postokluzivni reaktivni hyperémie byla zjisténa nizsi hyperémie u
diabetikd, ¢as k dosazeni maximalni hyperémie byl delsi u muzd. Rozdily mezi zdravymi a
diabetiky byly nizsi u Zen, zfejmé vzhledem k protektivnimu ucinku estrogend.

Vztahem inzulinové senzitivity, krevniho tlaku a parametri mikrocirkulace se zabyvala prace

(Serné et al.), kdy byla u zdravych normotenznich dobrovolnikii hyperinzulinemickym
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euglykemickym clampem nejprve zjiSténa senzitivita k inzulinu. Néasledné byla méfena
perfuze pomoci LDF, vazodilatace indukovana iontoforézou acetylcholinu a nitroprusidu
sodného a kapilaroskopicky denzita kapilar. Vazodilatatni odpovéd na lokalni podani
acetylcholinu signifikantné pozitivné korelovala s inzulinovou senzitivitou a statisticky
nevyznamné negativné s primérnym systolickym krevnim tlakem béhem ptredchazejici 24-
hodinové monitorace. Pomér pas-boky (WHR) signifikantné negativné¢ koreloval s
inzulinovou senzitivitou, i vasodilataci zptisobenou acetylcholinem.

Stav mikrocirkulace podle nékterych praci zavisi na dlouhodobé kompenzaci diabetu, jeho
zhorSeni popisuje Jorneskog et al. u pacienti s chronickou dekompenzaci diabetu (HbA1C <
7,5), postizena ptredevSim postokluzivni reaktivni hyperémie, kde u diabetikii dochazi k
prodlouzeni a snizeni amplitudy odpovédi. Po zlepSeni kompenzace 1ze ocekavat i pozitivni
efekt na cévni fecisté; jak ukazuje Kastrup et al., funkéni abnormality mikrocirkulace kiize u
diabetiki je mozno normalizovat tésnou kompenzaci diabetu, na rozdil od nevratnych
morfologickych zmén, které jsou dany ztlustélou bazalni membranou kapilar (Williamson et
al.), zvysenou tuhosti prekapilarnich cévnich stén zptisobenou zvysenou glykosylaci proteint
a tvorbou pozdnich produktt glykace (Mullarkey et al.). Podobné vysledky ukazujne i prace
Le Devehat et al., kde u pacientd s chronickou dekompenzaci diabetu byly zjistény zmény v
kapilarnim fecisti; po zahajeni inzulinové terapie doslo k regresi téchto zmén.

Lokalni mikrovaskularni regulaci narusuje i endotelialni dysfunkce (Furchgott, Stehouwer et
al.). U diabetikil je téZ postizena periferni vasomoce (spontanni rytmicka oscilace prameéru
arteriol a venul kolem stfedni hodnoty, jejiz fyziologicky ucel je zatim nejasny, predpoklada
se podil na fizeni pritoku krve kapildrami). Ztrata téchto nizkofrekvenénich a sniZeni
amplitudy vasomoce koreluje se ztratou tence myelinizovanych C vlaken (Stansberry et al.).
Poruchy vasomoce u diabetikli popisuje 1 prace (Meyer et al.), kde u diabetikii 1. typu

negativné koreluje hladina glykovaného hemoglobinu s amplitudou vasomoce (v pasmu 5-8
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Hz). Amplituda vasomoce byla pfimo umémna vysi systolické¢ho i diastolického krevniho
tlaku. U diabetikd 2. typu nebyla pozorovana signifikantni korelace.

Porucha mikrocirkulace souvisi s neuropatickym postizenim, coz demonstruje i studie
(Walewski), ktera zkoumala mikrocirkulaci u diabetikd 1.typu bez znamek syndromu
diabetické nohy, rozdélenych do dvou skupin podle pifitomnosti periferni neuropatie. Métené
parametry (klidova perfize, odpovéd’ na zahtati, postokluzivni hyperémie) vykazovaly
signifikantni zmény u pacienti s neuropatii, kde byla prodlouzena a niz§i maximalni
postokluzivni hyperémie a niz$i reaktivita na lokalni zahtati.

Ve vySe zminénych studiich byla ke sledovani mikrocirkulace pouzita predev§im laserova
dopplerometrie, vyhodna je kombinace s transkutdnni oximetrii, jejiz vysledky koreluji se
zménami v nutritivni ¢asti fe€isté. Prace (Zimny) porovnavala hodnoty tcpO2 (vleze) u
pacient s diabetem 2.typu s neuropatii, ale bez znamek syndromu diabetické nohy (6,04 +
0,52 kPa), s diabetiky bez neuropatie (7,14 + 0,43 kPa) a zdravymi kontrolami (8,10 + 0,44
kPa). Bylo zjisténo signifikantni snizeni parcialniho tlaku kysliku u pacientli s neuropatii na
rozdil od predchozich dvou skupin; odchylky byly nejvétsi v leze. Rozdil vysledkt
vleze/vsede je vyrazné vyssi u diabetikll s neuropatii.

Vyuziti LDF k predikci vzniku syndromu diabetické nohy bylo pfedmétem studie (Cobb), kde
byly vysledkem signifikantné niz§i hodnoty LDF u pacientti dosud bez defektd, ale s cévnimi
komplikacemi nebo neuropatii (Cobb). Negativni vysledky pfinesla prace Lawal et al., kde
bylo 78 pacienti se syndromem diabetické nohy vySetfeno videokapilaroskopicky, byl
zméten transkutanni tlak i LDF. Pacienti byli rozdéleni do 3 skupin podle etiologie —
neuropatické, cévni a smiSené. Nebyly zaznamenany vyznamné rozdily ani v jedné z
pouzitych metod. Dal§im vystupem této prace je zjisténi, Ze méfeni tcpO2 pii teploté sondy

37°C neni dostate¢né reprodukovatelné, je nutno méfit pii 44°C.
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TcpO2 se Castéji pouziva k posouzeni hojeni defektd u diabetikl, dosud publikované prace
vétSinou stanovuji jako cut-of hranici pro pravdépodobné hojeni defekti 30mmHg. Dosud
nepublikovana prace (Sheffield, Bakken) ukazuje vyznam provokacniho testu s dychanim
¢istého kysliku — pacienti, kteti dosahli dvojnasobné hodnoty tcpO2 ve srovnani s klidovymi
podminkami, meli statisticky vyrazné lepsi progndzu.

Zajimavym vylepSenim vySe uvadénych metod k diagnostice souvislosti neuropatie a
angiopatie je pouziti iontoforézy. Prace (Arora et al.) porovnavala reakci perfize na zahtati a
na lokalni aplikaci acetylcholinu (plisobi vazodilataci pies C-vlakna) a nitroprusidu sodného
(puisobi ptimo na endotel) pomoci iontoforézy. Pacienti byli rozdéleni do 3 skupin — diabetici
(1.1 2. typu) s periferni neuropatii, diabetici (1. i 2. typu) bez neuropatie a zdravé kontroly. U
pacientd s neuropatii doslo k vyrazné niz§imu zvySeni perfize po zahiati (44°C, 20min) na
predlokti i na noze ve srovnani se zdravymi kontrolami i diabetiky bez neuropatie, mezi
kterymi nebyly statisticky vyznamné rozdily. U zdravych dobrovolniki byla reakce na podéani
acetylcholinu i nitroprusidu mensi na noze nez na piedlokti, u pacienti s neuropatii rozdil
zachovan (pfi snizenych obou hodnotach). Neptima vasodilatace pti pouziti acetylcholinu
(méfend na rozdil od pfimé LDF sondou v blizkosti iontoforetické komurky — cca Smm) byla
vyrazné snizend u neuropatii, ¢astecné snizend i u diabetikli bez neuropatie. Podobné
vysledky ukazuje i prace Morris et al.

Vlivem oxidu dusného a prostaglandinti na krevni pritok se zabyvala prace (Kvandal et al.),
kdy byla u zdravych dobrovolnikd métena laser-dopplerometricky perfuze pii iontoforéze
acetylcholinu a nitroprusidu. Zaroven byla provedena frekvencni analyza vysledkt. Vysledky
ukazaly, ze kozni perfuze za bazalnich podminek je céastetné ovliviiovana pies NO,
neprokazala ovliviiovani cestou endogennich prostaglandind.

Odpoved na iontoforézu acetylcholinu byla statisticky vyznamné vy$$i neZ u nitroprusidu a

deionizované vody, pouzité jako placebo (Hamdy et al.). U zdravych kontrol a diabetikti bez



Michal Kréma, Vysetfovaci metody mikrocirkulace u syndromu diabetické nohy, 2010

neuropatie je podil vasodilatace indukované acetylcholinem cestou neuroaxonalni odpovédi

zhruba 1/3 z celkové. U diabetikti s neuropatii je vyznamné nizsi.
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3. VLIV INZULINU NA PARAMETRY MIKROCIRKULACE

V poslednich nékolika desetiletich se nachdzi mnoho dtikazii o pozitivnim vlivu inzulinu na
progndzu pacientll v tézkém stavu, neni zatim zcela jasné, zda se jedna ptimo o efekt inzulinu
nebo zda je pri¢inou normoglykémie (VanDenBerghe, Malmberg). Efekt inzulinu na
mikrocirkulaci a tim na vznik nebo progresi pozdnich komplikaci diabetu je predmétem fady
publikovanych praci.

V experimentu na zvifeti bylo pozorovano (Biessels), ze 1é¢ba inzulinem (1 meésic) u
diabetickych potkand zlepSila prokrveni nervu (n. ischiadicus) méfeného pomoci LDF;
zaroven doslo k signifikantnimu zlepSeni vodivosti motorickymi i senzorickymi vlakny.

Vliv inzulinu podavaného intraarterialné na hemodynamiku (Ueda) byl pfedmétem studie,
kdy za podminek dvojité slepé studie byl zdravym muzim aplikovan lokalné kratce piisobici
inzulin do brachialni artérie rychlosti 1 a 5 mU/min po dobu 90 minut. Pletysmograficky byl
meéfen krevni pritok. Vyssi davka inzulinu zptsobila ve srovnani s placebem statisticky
vyznamnou vasodilataci (20%). Podani inzulinu + L-glukézy (metabolicky neaktivni
stereoizomer) nezpisobilo zvyseni vasodilatace proti samotnému inzulinu, aplikace inzulinu +
D-glukézy vyvolalo vyssi zvySeni perfize v porovnani se samotnym inzulinem (47% proti
placebu). Infuze glukdzy sama o sobé neméla za nasledek signifikantni zmény v pritoku krve.
Tooke et al. zkoumal efekt inzulinu u diabetikl 1. typu pfi pouziti dvou riznych rychlosti
infuze (1,5u/h, 15u/h), pfi nizsi davee inzulinu vzestup pritoku, pii vyssi pokles (LDF),
kapilaroskopicky pritok roste i pfi vyssi davce. Hyperinzulinémie ziejmée vede k redistribuci
pritoku ve prospéch nutritivnich kapilar. Nezavisly efekt (od hormonalni aktivity) na
mikrocirkulaci. Inzulin pusobi vazodilataci koznich kapilar - meéfeno LDF, kapilaroskopii,
reaktivni hyperémie po 60s arteridlni (200mmHg) a 30s venozni (S0mmHg) okluze. V jiné

praci (Utriainen et al.), kde probihalo méfeni u zdravych dobrovolniki b&hem
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hyperinzulinemického euglykemického clampu s tfemi postupné nardstajicimi hladinami
inzulinémie (61 + 2, 139 + 6, 462 £ 15 mU/l), byl zaznamenan narGst perfize méfeny
pletysmograficky, doslo k statisticky nevyznamnym zménam kozniho pritoku méfeného
LDF. Zarovenn byla méfena arteriovenozni diference glukozy, ktera dosahla maximalni
hodnoty pfi nejnizsi inzulinémii (61 + 2 mU/1), dale byla konstantni.
Pii kontinudlnim podkoznim podavani inzulinu (CSII) dochazi béhem 9 dnli k redistribuci
kozni perfuze ve smyslu zvyseni rychlosti kapilarniho priitoku a poklesu obsahu kysliku ve
venozni krvi, coz naznacuje ¢asteény uzaver arteriovenoznich spojek (Tymms et al.).
Problém, zda pozitivni efekt inzulinu na perfizi je zplsoben zvySenou utilizaci
glukézy nebo jestli se jedna o samostatné pusobeni inzulinu jako takového neni zatim
uspokojivé vyfesen. Pomoci by mohlo byt vyuziti lokalni aplikace pomoci iontoforézy. Serne
et al. popisuje efekt lokaln¢ podavaného inzulinu pomoci iontoforézy u zdravych
dobrovolnik. Méteni probihalo béhem hyperinzulinemického euglykemického clampu a
mistni podani inzulinu pomoci katodové iontoforézy zptisobilo rychly nartst kozni perfuze (z
33,2+ 7,9 na 59,7 + 26,7 PU) ve srovnani s nizsi reakci u kontrolni skupiny (z 35,0 £+ 13,5 na
46,7 + 20,4 PU). Na rozdil od hyperinzulinémie nemélo lokalni podani inzulinu systémové
ucinky (nedoSlo k signifikantnimu zvySeni celkové perfuze koncetiny, méfené
pletysmograficky).
Pfinosem pro 1écbu pozdnich komplikaci diabetu mohou byt i nasledujici prace shrnujici
vysledky pfi pouziti jinych farmak.
Sulodexid (Vessel Due F) v kombinaci s inzulinem po 10 tydenni 1é¢bé zvySuje procento
zhojeni defektli u pacientll s diabetickou neuropatii (Koblik) a zkracuje dobu hojeni (92%
zhojenych defektl, primérné 46,4 dnl hojeni) ve srovnani s 1é€bou samotnym inzulinem
(83% zhojenych defekt, primérné 63,0 dn hojeni). Pozorovany signifikantni znamky

zlepSeni postokluzivni reaktivni hyperémie (LDF). V podobné studii se sulodexidem, do které
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byli zafazeni pacienti s t€Zkymi nekrotickymi defekty DK u syndromu diabetické nohy
(Svetukhin) byl zaznamenan pokles hladiny fibrinogenu v periferni krvi, snizeni priutoku AV
shunty a zlepSeni kapilarniho pritoku a tkanové oxygenace dle LDF a tcpO2. Sulodexid zatim
neni bézn¢ indikovanou podplrnou lécbou u syndromu diabetické nohy.

Po 4 tydny trvajici lokalni 1é¢bé gelovou smési aescinu a heparinu (Essaven gel) u diabetikti s
neuropatii doslo k signifikantnimu poklesu celkové perfuze méfené LDF na DK ve srovnani s
placebem (De Sanctis). Zmény pietrvavaly 1 tyden po ukonceni lécby. V podobné studii,

trvajici 2 tydny, doslo i k nartstu tcpO2 (Cesarone).

10
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4. VYSETROVACI METODY MIKROCIRKULACE KUZE

4.1. Transkutanni oxymetrie (tcpO,)
Prvni zkuSenosti s méfenim obsahu kysliku v tkani pochazeji z 80.let 20. stoleti z USA.

Narozdil od bézné pouzivaného méfeni saturace O,, které stanovuje fotometrickou metodou
procento hemoglobinu s navdzanym kyslikem z celkového hemoglobinu v krvi, stanovuje
tcpO2 piimo obsah kysliku difundujiciho tkani do povrchovych vrstev ktize. Pouziva k tomu
polarograficky princip méfeni, kdy je sonda tésné pfilozena na kuzi a elektroda se pies
kontaktni roztok pfimo dotyka povrchu kiize. Maximalni vazodilatace se dosahuje zahtatim
na teplotu do 45°C (vyssi teplota nema za nasledek vyrazné&jsi vazodilataci a navic mutze byt
nepiijemna pro pacienta). TcpO, lze pouzit s uréitymi vyhradami jako marker pratoku
nutritivnimi  kapilarami (za predpokladu zachovani konstantnich vnéjSich podminek
experimentu). V klinické praxi se dnes tcpO, rutinn€ vyuziva v nékolika indikacich, dokonce
i v CR je jiz schvalena uhrada pojistovnou. Z hlediska podiatrie je nejéastgjsi aplikaci
transkutanni oxymetrie posouzeni viability a moznosti zhojeni tkani pfed amputacnimi
vykony, dale posouzeni efektu intervence na makrocirkulaci (angioplastika, bypass), event. ke
zjisténi reaktivity tkani (a tim predpokladané efektivity) hyperbarické oxygenoterapie.
Shrneme-li pro praktické vyuziti literarni tidaje, Ize fici, Ze u viabilni tkané transkutanni tlak
kysliku prevysuje 30mmHg (40 mmHg), pfipadné ptfi vdechovani ¢istého O2 klidovy tcpO2

stoupne alespori na dvojnasobek.

4.2. Piima kapilaroskopie
Neinvazivni méfeni pomoci optické mikroskopie, pfipadné spojené s pocitacovym

vyhodnocenim poctu a rychlosti pohybu erytrocytl, je povazovano za zlaty standard v
hodnoceni nutritivniho zasobeni tkané. Velkou vyhodou je spojeni kapilaroskopie s

osvétlenim tkané polarizovanym zelenym svétlem, pricemz pozorujeme pfes filtr s posunutou

11



Michal Kréma, Vysetfovaci metody mikrocirkulace u syndromu diabetické nohy, 2010

rovinou polarizace o 90°. Tim dojde k potlaceni odrazii od tkané ve prospéch odrazi od
pohyblivych elementd. Nevyhodou kapilaroskopie je jeji omezeni v praxi hlavné na kapilary
nehtového lizka a relativni pracnost vysetfeni. Kapilaroskopie také nezobrazuje spolehliveé
hlubsi pletené.

Fotopletysmografie, metoda ktera méii absorpci svétla prochazejiciho tkani a na jejim zaklade

relativni perfuzi, ma v dne$ni dobé omezené vyuziti.

4.3. Laser-doppler flowmetrie (LDF)
Neinvazivni metoda na principu podobném klasickému ultrazvukovému doppleru. Optickym

vlaknem je do sondy pfiveden laserovy paprsek, ktery je castecné absorbovan tkani, z¢asti se
odrazi. Pii odrazu od pohybujicich se ¢astic (krevni buiky) se méni jeho vlnova délka na
zakladé fazového posunu - Doppleriv princip. Velikost zmény a jeji frekvenéni rozlozeni je
piimo imérné rychlosti pohybujicich se Castic a jejich poctu. Laserovou dopplerometrii nelze
presné stanovit absolutni velikost pritoku, naméfeny frekvenéni posun je zavisly na
vlastnostech tkané, které se u kazdého subjektu lisi. Vystupem je hodnota perfuze, méfend v
PU (perfusion units) - bezrozmérné ¢islo.

Hloubka méfeni je zavisla na vzdalenosti optickych vldken vysilace laserového svétla (dale
transmitteru, Tx) a piijimade (receiveru, Rx). Cim vé&tsi je tato vzdalenost (v anglické
literatuie “fiber separation”), tim vétsi je dosah sondy. Hloubku méteni dale ovliviiuje vinova
délka pouzitého svétla (¢im vétsi vinova délka, tim vyssi dosah a mensi presnost, bézné
pouzivané pristroje se pohybuji v oboru Cerveného viditelného svétla — cca 600-700 nm) a
vlastnosti tkan¢ (absorbce svétla). Bézné sondy maji osovou vzdalenost vlaken cca 0,25 mm
(pramér optického vlakna 0,125 mm, s ochrannym obalem 0,25 mm), coz odpovida hloubce
méfeni perfuze tkani do cca 1,0-2,0 mm. LDF lze tedy povazovat za marker lokalniho pratoku

veskerym cévnim fecisStém (arterioly, kapilary, venuly i arteriovendzni shunty), pficemz se
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zkracujici se osovou vzdalenosti optickych vldken a klesajicim objemem oblasti zajmu roste
relativni podil nutritivni perfaze.

Zvlastnim typem jsou jednovlaknové sondy, kde je kanal pro transmitter a receiver spolecny.
Vyhodou je uzky priamér vlakna a jednoducha manipulace (sterilizace apod.), nevyhodou
nemoznost piesné stanovit hloubku zkoumané tkané (pro nékteré paprsky je vzdalenost Tx/Rx
rovna pruméru optického vlakna — cca 0,5 mm, pro nékteré se limitné blizi 0).

Vzhledem ke skute¢nosti, Ze neni mozné hodnotit absolutni hodnotu perfuze, pouziva se cela
fada provokacnich testd, kdy se méfi jimi vyvolané zmény v perfazi tkané. Mezi
nejpouzivanéjsi patii:

- zahtati na 43-44°C

- okluze — typicky koncetiny manzetou tonometru

- iontoforéza — pouzitim farmak ovliviiujicich perfizi riznymi mechanismy (viz dale)

- posturalni — leg elevation test

- chlad — pfi méfeni Raynaudova fenoménu

- elektricka stimulace — stimulace C vlaken nizkymi proudy

Mezi nejbéznéjsi provokacni testy pouzivané na nasem pracovisti patii predevsSim zahrati
sondy na 44°C, které vede k dilataci koznich kapilar a tim k naristu perfuze, dale okluze
koncetiny manzetou tonometru. V tomto pfipadé je nutné okluzi dosahnout biologické nuly —
tzn. zastaveni pritoku kapilarami. Po kratké dobé trvani okluze (20s — 5 minut) se méfi cas,
za jak dlouho dosahne perfuze maxima a hodnota tohoto maxima vztazena k hodnot¢ perfize
pred provedenim okluze. Laserova dopplerometrie je relativné technicky naro¢na vzhledem k
vysoké variabilité méfeni a velké citlivosti (je nutné omezit rusivé vlivy — vibrace, konstantni
teplota v mistnosti, klidné, tiché prostfedi). I hodnoceni je obtiznéjsi vzhledem k

interindividualnim rozdilim. LDF se ziejm¢ proto v klinické praxi zatim pouziva vyjimecné —
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v plastické chirurgii k monitoraci perfize $t€pu a v stomatochirurgii k posouzeni uspé$nosti
replantace zubu. Zménu by mohly ptinést nové dimenze hodnoceni LDF zaznamu, které
prinaseji zvlast informace o endotelidlnim podilu poruchy mikrocirkulace a zvlast’ o postizeni
autonomni inervace cévniho fecisté — at’ uz frekvenéni analyza zdznamu nebo iontoforéza s
pouzitim acetylcholinu nebo nitroprusidu sodného. Ani pro jednu z uvedenych modalit zatim
nejsou k dispozici §irsi klinicka data.

4.3.1. Iontoforéza

Iontoforéza je metoda, ktera vyuziva elektrického naboje iontl k urychleni jejich priniku do
tkané (za normalnich okolnosti, bez vlivu elektrického proudu by vstfebavani latek z povrchu
ktze trvalo n€kolik desitek hodin). Vyuziva se dvou elektrod — prvni, s nabojem stejného
znaménka jako ma pouzity iont, ktery je touto elektrodou odpuzovan a ptitahovan ke druhé, s
nabojem opacného znaménka. Docili se tak rychlejstho a v Case konstantniho vstfebavani
zkoumané latky. Pro dobrou porovnatelnost jednotlivych méfeni a pro zajisténi stabilnich
vlastnosti tkané¢ béhem méieni je nutné iontoforézu provadét za konstantni teploty tkané
(napt. 32°C). Pii zkoumani mikrocirkulace se pouzivaji latky pilisobici na cévni fecisté:

- acetylcholin — jako neurotransmitter piisobi cestou C vlaken

- pilokarpin — ovliviiuje endotel cestou NO

- nitroprusid sodny — ptisobi pfimo na endotel

Velikost proudu prochdzejiciho tkani se pohybuje mezi 100 — 500 mikroampérti — vyssi proud
by aktivoval pfimo C-vlakna a tento efekt by zkresloval zménu perfize zpisobenou
iontoforézou urcité latky. lontoforéza ma i své kontraindikace — predevSim piitomnost
implantatd citlivych na elektrické impulsy, jako je kardiostimulator nebo kardioverter, dale

poskozeni klize v misté méfeni (dermatitida, ulcerace) a alergicka reakce na pouzitou latku v
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anamnéze. Technické provedeni je naro¢né na ptistrojové i personalni vybaveni, proto vyuziti
iontoforézy zustava vyhrazeno pro vyzkumné ucely.

4.3.2. Laser Doppler Perfusion Imaging

Laser Doppler Perfusion Imaging je technologie zalozena na zobrazeni perfuze vétsiho okrsku
tkan¢ obdobnym principem jako klasicka laser doppler flowmetrie, ale za pomoci skenovani
vzdalenym laserovym paprskem. Vyhodou je vétsi zobrazeny region, nevyhodou nemoznost

kontinualni monitorace zmén perfuze, ale jen ziskani statického obrazku.

4.3.3. Spektralni analyza vasomoce

Obr. 2. Vasomoce u zdravého pacienta (vlevo) a u pacienta s autonomni neuropatii (vpravo)

Vasomoce je periodicka zména tonusu prekapilarnich svéraci, nezavisla na tepové
frekvcenci, jejimz hlavnim divodem existence je pravidelny cévni pritok vSemi kapilarami
v situaci, kdy z diivodu potieby organismu neni otevieno 100% kapilar (b&€Zzna situace).
Dochazi k pravidelnému a rytmickému otevirani a uzavirani prekapilarnich svéracu, na
zdznamu laser doppler flowmetrie se projevuje jako oscilace vyssich fadt. Experimentalné
byla formulovana rozmezi frekvenci, na nichz se podili riizné typy fizeni (Kvermno HD et al,
Kvandal P et al, Benedicic M et al).

frekvenéni rozmezi

0,009 — 0,02 Hz endotelialni aktivita

0,02 — 0,06 Hz sympatikus

0,06 — 0,20 Hz vlastni myogenni aktivita

0,2-0,6 Hz respiracni arytmie

0,6 - 1,6 Hz kardialni aktivita, zmény v dusledku tepu
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K vySetieni vasomoce je tieba dostatecné dlouhy klidovy zaznam LDF, idealn¢ pti norm.

kozni teploté. Nasledné se na naméfena data aplikuje rychld Fourrierova transformace.

4.3.4. Praktické aplikace LDF a transkutanni oxymetrie

Navzdory stoupajicimu poctu publikaci s tématem mikrocirkulace a jejich zmén u diabetu
neni zatim vySetfeni vySe jmenovanymi metodami soucasti bézné klinické praxe. Naproti
tomu makrocirkulace je vySetfovana a intervenovana bézné. Hlavni diivod tohoto rozporu tkvi
v technické naroCnosti vysetfeni mikrocirkulace a ve slozitosti interpretace vysledkl, v
neexistenci jednoznaénych norem a v neposledni fadé nejsou dostatecné podlozena
doporuceni, jak mikrocirkulaci intervenovat.

Stanoveni norem LDF pro jednotlivé vékové skupiny zdravé populace a pro nemocné s
diabetem mellitem si vyzada studie na velkém poctu pacientl, u transkutanni oxymetrie je
situace v tomto ohledu jednodussi - za poslednich 25 let jsou k dispozici data u vice nez 4500
pacientd a souvislost mezi transkutannim tlakem kysliku a predikei hojeni je ovéfena (iroven
dikazu B), pfestoZze neexistuje zatim jednozna¢na shoda na cut-of hodnoté (30mmHg /
40mmHg).

Slibné vysledky piindsi vyuziti laser doppler flowmetrie, pfedev$im provokacniho testu
zahtatim, k meéfeni funkéni rezervy mikrocirkulace a jeji zmény po intervenci na
makrocirkulaci. Zda se, Zze zvySeni reaktivity mikrocirkulace také nastdva velmi brzy po
upravé zivotniho stylu obéznich nemocnych s diabetem, dfive nez se zméni ostatni
metabolické parametry; vyuziti LDF jako casného markeru je také pfedmétem vyzkumu.
Léky, které by piimo ovliviiovaly mikrocirkulaci, nejsou zatim klinicky dostate¢né ovéiené.
V malych studiich sviij efekt prokazala nékterd antitrombotika (sulodexid), antioxidanty
(pycnogenol) a nizkomolekularni hepariny. Noveé je ptikladana velka dilezitost

polysacharidovému komplexu na endotelu cév, glykocalyxu, jehoz poskozeni vlivem
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oxida¢niho stresu ptredchazi morfologickym zménam kapilar. Infuze hyaluronidazy v
experimentu na zvifeti pomaha restaurovat glycocalyx, predchazet nevratnym zménam
mikrocirkulace a zlepSuje jeji reaktivitu. Endotelidlni a destickové (napi. becaplermin)
rustové faktory, povazované za velmi nadéjné pro hojeni diabetickych defektd, vétsiho
roz§iteni nedosahly. V poslednich letech se vénuje pozornost antagonistim endotelinovych
receptorti, které se podileji na vazokonstrikci pii inzulinové rezistenci, kdy se aktivita
receptorti pro tromboxan A2 zvySuje diky oxida¢nimu stresu.

Laser doppler flowmetrie nalézad vyuziti i ve vychodni medicing; v mistech, tradi¢né
oznaCovanych za akupunkturni body, lze zméfit signifikantné vétsi pritok mikrocirkulaci za

bazalnich podminek (Hsiu H, 2007).
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5. CILE VYZKUMU

A. Posoudit vliv fyziologické a suprafyziologické inzulinémie na reaktivitu kozni

mikrocirkulace u zdravych dobrovolnikd.

B. Ur¢it vliv samotné fyzické aktivity na reaktivitu kozni mikrocirkulace u nemocnych

v riziku syndromu diabetické nohy.

C. Stanovit korelaci mezi piitomnosti kardiovaskularni autonomni neuropatie a

jednotlivymi komponentami spektralni analyzy laser-doppler flowmetrie (LDF).

D. Vyuzit vySetfeni kozni mikrocirkulace pomoci LDF k posouzeni hojeni syndromu

diabetické nohy.

E. Zpétnou analyzou ziskaného souboru dat vytipovat robustni parametr popisujici

PORH ktivku, ve vztahu k vzestupu perfiize po zahtati
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6. VLIV FYZIOLOGICKE A SUPRAFYZIOLOGICKE INZULINEMIE NA REAKTIVITU
KOZNI MIKROCIRKULACE U ZDRAVYCH DOBROVOLNIKU

6.1. Metodika

Mikrocirkulace byla vySetfovana za klidovych podminek a po stimulaci fyziologicky (50
mlU/1) a suprafyziologicky (150 mIU/1) zvySenou hladinou inzulinu. VySetieni bylo
provedeno u 12-ti neobéznich zdravych dobrovolnikd, bez anamnézy diabetu u rodi¢a a
sourozencti, bez chronickych onemocnéni, bez trvalé farmakoterapie s vyjimkou kontraceptiv
u zen, srovnatelnych veékové i podle zakladnich antropometrickych i biochemickych
parametri (viz nize tabulka ¢€.1). Protokol studie byl schvalen etickou komisi Lékatské fakulty
UK Plzen, vsichni dobrovolnici byli dopfedu podrobné seznameni s prib&hem experimentu a
pouzivanymi metodami, coz stvrdili podpisem informovaného souhlasu. V den ptedchazejici
vySetfeni zachovavali dobrovolnici bézny rezim s vylouc¢enim vétsi fyzické namahy a
excesivni konzumace sacharidd, tukt a alkoholu a s poslednim jidlem do 21. hodiny. Béhem
dopoledne nasledujiciho dne byl proveden dvoustupriovy hyperinzulinemicky clamp s
cilovymi inzulinémiemi 50 a 150 mIU/I dle zavedené metodiky (DeFronzo), tedy s rychlostmi
inzulinu 2,4 U/m2/hod a 6,0 U/m2/hod. U poloviny subjekti bylo zaménéno poradi
inzulinémii (tzn. nejprve 6,0 U/m2/hod a dale 2,4 U/m2/hod). Za bazalnich podminek a v
obou ustalenych stavech byla zméfena perfuze pomoci laser-doppler flowmetrie a
transkutanni oxymetrie, respiracni kvocient a energeticky vydej pomoci neptimé kalorimetrie
(V-max Sensormedics, Yorba Linda, CA, USA) podle standarni metodiky (Weir). Byla
vypoctena M hodnota kazdého clampu k posouzeni zmény inzulinorezistence. Vysledky ve

formé medianu a interkvartilového rozpéti byly zhodnoceny Wilcoxonovym testem.
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Tab. ¢. 1. Charakteristika probandi

median (interkvartilové rozpéti), event. N

pocet (muzi/zeny)

vek [roky]

BMI [kg.m™]

obvod pasu [cm]

Irevni tlak [mmHg]

lacna glykémie [mmol/1]
sérové triglyceridy [mmol/I]
HDL cholesterol [mmol/1]
LDL cholesterol [mmol/1]

fibrinogen [mmol/1]

12 (6/6)

24 (23 - 25)

21,6 (20,7 - 23,7)

74,5 (66,3 — 80,0)
113/75 (107/66 — 117/80)

4,7 (4,6 —5,3)
0,8 (0,7 - 0.9)
1,4 (1,1 - 1,6)
2,5(2,3-3,1)
2,3(2,2-2.)5)

Laser-doppler flowmetrie

Kozni perfuze byla vySetiena za bazalnich podminek pred clampem a v ustdleném stavu pii
obou hladinach inzulinu. Byl pouZit systém Periflux 5000 (Perimed, Svédsko) se sondou PF
5010 emitujici laserové svétlo o frekvenci 780nm a vykonu 1mW. Sonda byla pfiloZzena na
dorzum nedominantni nohy a méfeni bylo provedeno u vSech subjektd pii stabilni teploté
33°C. Nasledné byly pouzity provokacni testy (Muller) — zahtati (zahtati sondy na 44°C
majici za nasledek maximalni vazodilataci) a okluzi (3 minutova okluze koncetiny manzetou
tonometru nafouknutou na tlak o 30mmHg vyssi nez systolicky krevni tlak), kdy byl méfen
¢as do dosazeni maximalniho prokrveni po uvolnéni okluze. Tyto provokacni testy jsou
standardem pfi vySetfovani perfuze tkani (Leahy, Walmsley, Albrecht, Wohlrab) vzhledem k
vysoké ¢asové a prostorové variabilité prostého méfeni bazalni perfuze. Vzorkovaci kmitocet

byl 31ms, ke zhodnoceni vysledkli bylo pouzito firemniho softwaru Perisoft (Perimed,

Svédsko).
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Transkutanni oxymetrie

Parcialni tlak kysliku byl méfen pomoci tcpO2 elektrody PF 5040 systému Periflux 5000
(Perimed, Svédsko), pracujicim na polarografickém principu (Lawall). Zahtivana Clarkova
elektroda (45°C) byla ptipevnéna ke ktzi dorza nohy ve standardni lokalizaci (mezi 1. a 2.
metatarzem) pomoci adhezivniho krouzku, prostor mezi elektrodou a kazi byl vyplnén
kontaktnim roztokem dodanym vyrobcem. Sonda byla aplikovana minimaln¢ 10 minut pted
zacatkem méteni. Vzorkovaci kmitoCet byl 31ms, ke zhodnoceni vysledki bylo pouzito

firemniho softwaru Perisoft (Perimed, Svédsko).

6.2. Vysledky

Pti fyziologické hyperinzulinémii bylo dosazeno statisticky vyznamné vyssi perfize kozni
mikrocirkulace v obou testech (hyperémie po zahtati na 44°C — 1848% [984 — 2046] vs.
1599% [801 — 1836], p < 0,05, polocas dosazeni maximalni perfize po uvolnéni okluze 1.2 s
[0.9 — 2.6] vs. 49 s [1.8 — 11.4], p < 0,05. Doslo k statisticky vyznamnému zvyseni
oxygenace tkané (tcpO2 — 48.6 mmHg [45.5 — 49.7] vs. 38.9mmHg [35.5 — 40.8], p < 0,05.
Pii suprafyziologické hyperinzulinémii bylo dosazeno jest¢ vyssi perfuze kozni
mikrocirkulace v obou testech (hyperémie po zahtati na 44°C — 1937% [1177 — 2488] vs.
1599% [801 — 1836], p < 0,005, polocas dosazeni maximalni perfiize po uvolnéni okluze 1.0 s
[0.7 — 1.1] vs. 49 s [1.8 — 11.4], p < 0,005. Doslo k statisticky vyznamnému zvyseni
oxygenace tkan¢ (tcpO2 — 57.4 mmHg [51.7 — 66.2] vs. 38.9mmHg [35.5 — 40.8], p < 0,005.
Rozdily v perfuzi a oxygenaci mezi fyziologickou a suprafyziologickou hyperinzulinémii
nebyly statisticky vyznamné. M-hodnota méfena v clampu k posouzeni inzulinorezistence se

neménila.
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Tab. 2. Vysledky

median (interkvartilové rozpéti)

basal 50 mIU/L 150 mIU/1
méfend inzulinémie [mIU/1] 3,5 47,5* 144,5*
(1,8-4.,1) (36,0 —53,3) (115,9-170,5)
LDF baseline [PU] 7,5 12,3 12,9
(6,8 -10,2) (9,2-21,8) (8,6 —29.,9)
LDF test zahfétim [%] 1599 1848" 1937°
(801 — 1836) (984 — 2046) (1177 —2488)
LDF post-okluzivni reaktivni 4,9 1,2+ 1,0*
hyperémie [s] (1,8—11,4) 0,9 —2,6) 0,7 1,1)
tepO, [mmHg] 38,9 48,67 574"

(35,5-40,8)

(45,5 - 49,7)

(51,7 - 66,2)

p <0.05
p <0.005
N nesignifikantni
Heating test results
-C% ‘
é 1500
E 1000 ‘
a l ‘

tirne ta maximal by perem|a [s]

6.3. Diskuse a limitace prace

§0 miun

0 miUA

Post-occlusion hyperemia test

basal

160 mil

Alternativou k systémovému podani inzulinu je lokalni kozni aplikace pomoci iontoforézy

(DeJongh, Serne), jehoz vyhodou je omezena lokélni hyperinzulinémie, ktera nevyzaduje
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clampové vySetfeni spojené s infizi tekutin a zménou jaterni produkce glukozy a pankreatické
inzulinové sekrece. V nasi praci jsme zvolili systémovou aplikaci, jejiz vyhodou je
fyziologicka distribuce inzulinu a odstranéni vlivu prichodu elektrického proudu, ktery mize
cestou napét'ové zavislych natriovych a kalciovych kanalt indukovat vasokonstrikci
(Figueroa).

V nékterych starsich studiich (Utriainen, Tooke) autofi popisuji narozdil od vysledku nasi
prace zadné, ptipadné statisticky nevyznamné zvyseni perfize mikrocirkulace nasledkem
infuze inzulinu. Naproti tomu novéjsi prace (Serné, deJongh) ukazuji vzestup perfuze pti
fyziologické hyperinzulinémii. Vysvétlenim muze byt pouziti jiné metodiky. Ve starSich
studiich byla méfena perfuze sondou pouze za bazalnich podminek a nebyl pouzit zadny z
vyse zminénych provokacnich testd. Dle nasSich zjisténi hodnota bazalni LDF perfuze
vykazovala pouze nesignifikantni trend k nartstu, coz koresponduje s diive namétenymi daty
(Utriainen, Tooke).

Otazkou je, zda samotna naloz tekutin béhem clampového vySetfeni nevede k aktivaci
sympatiku a k zvySeni reaktivity mikrocirkulace. V literatufe lze najit i zminku o mirném
nartstu reaktivity mikrocirkulace pti rychlé infuzi fyziologického roztoku (Forst). V naSem
experimentu jsme podavali zdravym dobrovolnikiim vzdy béhem 2-hodinového clampu
celkem 1 — 1,5 1 glukdzy, nedoslo k vzestupu tepové frekvence a Ize se domnivat, Ze rychlost
infuze tekutiny nebyla dostatecna k vyvolani odpovédi sympatiku. Mezi obéma podskupinami
pacientl (s nizsi a vyssi pocatecni inzulinémifi) také nebyl pozorovan signifikantni rozdil v
métenych parametrech ptesto, ze podané mnozstvi tekutin pii prvnim a druhém ustaleném
stavu se liSilo. Neprovedeni kontrolnich vysetfeni bez podani glukdzy a inzulinu piesto lze
povaZovat za urCitou limitaci prace.

Nami pozorovany narust transkutanniho tlaku kysliku odpovida ptedchozim literarnim

udajum (Tymms), kdy pii kontinualni podkozni infizi inzulinu stoupla arteriovenozni
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diference kysliku, coz nasvédcuje redistribuci pratoku ve prospéch funkéniho fecisté. Naproti
tomu u pacientd s diabetem mellitem 2.typu, kde je pfitomna inzulinorezistence a
hyperinzulinémie, je transkutanni tlak kysliku nepfimo umérny inzulinémii — s jejim
zvySenim klesa (Kizu). U obéznich pacientek s metabolickym syndromem, ale bez diabetu,
byla popsana (DeJongh) snizend vasomoce a redukce odpovédi na lokalné podany inzulin.
Tato data nasvédcuji odlisnému chovani fecisté mikrocirkulace u hyperinzulinémickych
inzulinorezistentnich pacientd, kde je odpovéd’ mikrocirkulace na exogenni podani inzulinu
alterovana a nedochazi ke zlepSeni nutritivni perfuze (mozna dokonce ke zhorseni), zatimco u
pacientt senzitivnich na inzulin vede jeho podani k otvirani vét§iho mnozstvi nutritivnich
kapilar. Mechanismus patogeneze zmén reaktivity se dava do souvislosti s oxida¢nim stresem
vyvolanym hyperlipidémii a inzulinovou rezistenci, ktery vede k vazokonstrikci cestou
zvysené aktivity endotelinovych receptort (pro tromboxan A2) v hladké svaloviné cév
(Xiang). Zajimavé v této souvislosti bude sledovat inzulinem zprostfedkovanou redistribuci
mikrocirkulace u nemocnych s chronickym srde¢nim selhanim, lécenych nové vyvijenymi

endotelinovymi receptorovymi antagonisty.

6.4. Zavér

U zdravych dobrovolniki pfi systémovém podani inzulinu vede hyperinzulinémie k vzestupu
reaktivity mikrocirkulace i vzestupu transkutanniho tlaku kysliku. Tento efekt se zvysSujici se
hladinou inzulinu nelinearné stoupa. Rozdilny vliv inzulinu u obéznich subjekti a nemocnych
s diabetem mellitem 2. typu si vysvétlujeme pritomnosti oxida¢niho stresu pti hyperlipidémii

a inzulinorezistenci.
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7. VLIV SAMOTNE FYZICKE AKTIVITY NA REAKTIVITU KOZNI MIKROCIRKULACE U

NEMOCNYCH V RIZIKU SYNDROMU DIABETICKE NOHY.

7.1. Metodika

8 dobrovolnikli, nemocnych s diabetem mellitem 2. typu, nesportujicich, bylo zafazeno do

studie po podpisu informovaného souhlasu. Vylouceni byli nemocni s limitovanou mobilitou,

ischemickou chorobou srde¢ni (> AP L.st), v jakémkoli stddiu ischemické choroby dolnich

koncetin, ¢i syndromem diabetické nohy nebo jinym onemocnénim, kde je nutnost

zachovavani klidového rezimu. Jako mirna fyzicka aktivita byla uzita chiize, protoze slo o

nesportujici probandy. Intenzita zatéze byla objektivizovana krokomérem. Mikrovaskularni

reaktivita a kozni perfiize na dolni koncetiné byla méfena laser doppler flomwetrii a

transkutanni oxymetrii (Periflux 5000, Perimed, §Védsko).

Tab. 3. Charakteristika probandt.

V2 V3 V4
pocet krokti 3439 (2915 -4230) 4189 (3335 —-5550)* 3489 (2917 - 4316)
vek 62 (54 - 69)

trvani diabetu
systolicky TK
diastolicky TK

la¢na glykémie [mmol/l]
HbA. [% IFCC]
triglyceridy [mmol/I]
cholesterol [mmol/1]

zména vahy [kg]

12,0 (10,0 — 15,5)
128 (121 - 130) 133 (115 135) 128 (125 — 130)

80 (73 — 84) 75 (70 — 80) 75 (71 - 79)
8,4 (7,3 - 9.8) 8,4 (4,4 - 11,8) 8,5 (6,4 - 12.3)
6,4 (6,1 —7.6) 6,5 (4,7 —8.5) 6,3 (5,5-6,7)
2,4 (1,6 - 3,0) 2,4(1,5-3,3) 2,2 (1,8 - 2.6)
4,8 (4,0 5,5) 44 (42— 48) 4,7 (4,1 —4,9)

Oal (_0>4 - +098) 093 (_034 - +0>5) 095 (+0a1 - +075)

NS
NS
NS
NS
NS

*p <0.001
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Pti prvni navstéve byli pacienti edukovani o pouzivani krokoméru a byly zhodnoceny
antropometrické a metabolické parametry jejich zdravotniho stavu (veék, vyska, vaha, obvod
pasu, lacna glykémie, glykovany hemoglobin, triglyceridy, cholesterol, sérovy kreatinin).

V nasledujicich 4 tydnech byli nemocni instruovani o zachovavani bézné fyzické aktivity a
noseni krokoméru alespon kazdy druhy den. Pti druhé navstéve, po uplynuti 4 tydnt, byl
spocitan jejich denni primér krokl a nemocni byli pozadani o zvyseni své fyzické aktivity o
10 — 15%. Po dalsi 4-tydenni periodé¢ byli instruovani opét ke snizeni zatéze ke zvyklému
rezimu, pti této navstéve probéhlo stejné vysetifeni metabolickych a antropometrickych
parametrd jako pfi prvni kontrole. Posledni navstéva prob&hla opét se stejnym vySetienim a
po 4 tydnech zvyklé fyzické aktivity. Pii kazdé kontrole od 2. navstévy byl spoéitan pocet
krokl a zméfena reaktivita mikrocirkulace pomoci laser doppler flowmetrie a transkutanni

oxymetrie. Vysledky byly zhodnoceny Friedmanovym a parovym Wilcoxonovym testem.

7.2. Vysledky

Po 4 tydnech lehce zvySené aerobni aktivity (chiize cca 800 [560 — 1 400] metrti / denné,
odpovidajici 20% navyseni), doslo ke zvySeni reaktivity mikrocirkulace v obou testech, a to
statisticky vyznamné (p < 0,01; resp. p< 0,05). Vyssi rozdil byl pfitomen v testu zahfatim.
Zvysena perflze pretrvavala v mensi mife i po nasledujicich 4 tydnech bézné fyzické aktivity,
ale rozdil nebyl proti vstupnim hodnotam statisticky vyznamny (p = 0,30). Metabolické a

antropometrické parametry ani transkutanni tlak kysliku se nezménily.
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Tab 4. Vysledky

V1-V2 V2-V3 V3-V4
(zvykla (zvySena (zvykla
aktivita) aktivita) aktivita)

LDF test zahiatim [%] 490 (440 — 540) 610 (570 — 680) 520 (480 —610)  p <0,01

LDF postokluzivni 4,1 (2,7-5,4) 3,1(2,4—-4,0) 3,8(2,7-5,0) p <0,05
reaktivni hyperémie [s]

Obr. 3 + 4., zména reaktivity mikrocirkulace pfi zvyseni a opétovném snizeni fyzické aktivity.

5,5 1

6,5 1

451

55 4

heating test [n]

3,51

time-to-half-max [s]
S

45

2,51

habitual activity increased activity ~habitual activity habitual activity increased activity habitual activity

7.3. Diskuse a limitace prace

Narozdil od obdobné prace (5) byly zafazeni pouze obézni a nesportujici pacienti proti
nahodné vybranym pacientiim typického diabetologického centra. Chiize byla pro ti¢astniky
studie jedinou relevantni fyzickou aktivitou. Divod, pro¢ se nase vysledky lisi, 1ze najit ve
dvou rovinach. Jednak, je otazné, zda ptlhodinové cviceni 3x tydné je dostatecné trvani
aktivity — v nasi studii byli zafazeni pacienti s nizkou urovni fyzické aktivity, jak jiz bylo

zminéno, ale po delsi ¢as — odhadem 30 minut denné, ale s ohledem na design nelze piesnou
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dobu urcit. Druhy divod je zatazeni pouze pacientl se sedavym zptisobem Zivota, kde je
nejvetsi rezerva pro zlepSeni mikrovaskularnich funkcei skrze cviceni.

Diskrepance mezi zvySenou reaktivitou mikrocirkulace meéfenou LDF a nezménénym tcpO,
predstavuje zajimavé zjisténi. Hodnoty tcpO, byly v normalnim rozmezi pro zdravou populaci
(basal tcpO2 > 30mmHg), pacienti byli bez ischemické choroby dolnich koncetnin.
Ptedpokladame, ze zde neni perferni deficit kysliku a proto neni rezerva pro zvyseni

nasledkem fyzické aktivity.

7.4. Zavér

Mala, metabolicky a antropometricky nevyznamna fyzicka aktivita ma potencial zvysit

perfuzi mikrocirkulace u obéznich a nesportujici nemocnych s diabetem mellitem 2. typu.
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8. KORELACE MEZI PRITOMNOSTI KARDIOVASKULARNI AUTONOMNI NEUROPATIE A
JEDNOTLIVYMI KOMPONENTAMI SPEKTRALNI ANALYZY LASER-DOPPLER
FLOWMETRIE

8.1. Metodika

Autonomni neuropatie je béznou komplikaci déletrvajiciho diabetu mellitu 1. typu a podili se
na vy§$i morbidité i mortalité; ohrozuje pacienty ndhlou arytmickou srde¢ni smrti. Bézné
vysetiujeme jeji kardidlni slozku (KAN) pomoci ¢asové analyzy variability srde¢ni frekvence
(VSF) spolu s reakei krevniho tlaku na vertikalizaci (Ewingova baterie testll) nebo spektralni
analyzou VSF. U 45 pacientd s diabetem mellitem byla po podpisu informovaného souhlasu
vySetfena za klidovych podminek KAN pomoci Ewingova testu a spektralni analyza
(VariaCardio PC, Sima Media, Olomouc, CR). Zaroven byla zmétena kozni mikrocirkulace
pomoci laser doppler flowmetrie (Periflux 5000, Perimed, Svédsko) jednak za bazélnich
podminek pii kozni teploté 32°C, jednak po zahtati na 44°C.

Pacienti byli rozdéleni do dvou skupin, nelisicich se vékem, pohlavim, dobou trvani diabetu,
lipémii, vysi krevniho tlaku ani BMI, ale liSicich se pfitomnosti manifestni nebo zavazné (1.
skupina) a nepfitomnosti (2. skupina) KAN. Dale se ob¢ skupiny lisily klidovou tepovou
frekvenci, ktera byla vyssi u pacienti s KAN a vyskytem periferni diabetické polyneuropatie
DK (testované Weinsteinovymi mikrofilamenty a biothesiometrem).

Byla provedena spektralni analyza obou zaznamt s vypoctenim spektralni sily v rozmezich
odpovidajici endotelialni aktivité (0,009 — 0,02 Hz), aktivité sympatiku (0,02 — 0,06 Hz),
vlastni myogenni aktivité (0,06 — 0,20 Hz), respiraci (0,2 — 0,6 Hz) a kardialni aktivité (0,6 —
1,6 Hz). Vysledky byly zhodnoceny neparametrickymi testy (Mann-Whitney U test,

Spearmandiv test).
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podet [M/Z] 13/16 14/18 NS
vek [roky] 324+11,5 37,6 £10,4 NS
HbA 1 [% IFCC] 7,5+2,6 7,8 +£2,6 NS
cholesterol [mmol/1] 5,1+£1,0 54+£23 NS
triglyceridy [mmol/I] 1,3+£0,7 1,6 £1,8 NS
TF [min-1] 68+ 8 80+9 p<0,01
STK [mmHg] 116 +13 120 £ 12 NS
DTK [mmHg] 71£10 7211 NS
retinopatie 8/16 7/18 NS
nefropatie 3/16 5/18 NS
polyneuropatie DK 4/16 10/18 p <0,05
makroangiopatie 2 3 NS
8.2. Vysledky

Skupiny se navzajem neliSily bazalnim pritokem mikrocirkulaci kiize, ani vzestupem po
zahtati (8,6x vs. 8,3x). U pacientd s pfitomnou KAN byla statisticky vyznamn¢ nizsi
spektralni sila v oblasti odpovidajici endotelidlni aktivité (p<0,01), aktivité sympatiku
(p<0,005) a hrani¢n¢ nizsi v oblasti odpovidajici vlastni myogenni aktivité (p = 0,06) pfi
méteni bazalniho pritoku. Pfi méfeni za maximalni vasodilatace doslo ke sniZeni rozdilu,

predevsim endotelialni aktivity, ktery se pohyboval na hranici statistické vyznamnosti.
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Obr. 5. KAN a variabilita perfuze (spektralni sila v jednotlivych oblastech) — vySetfeni pfti

kozni teploté 32 °C.

3
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endotelidlni endotelidlni sympatickd sympatickd myogenni  myogenni

Obr. 6. KAN a variabilita perfuze (spektralni sila v jednotlivych oblastech) — vySetfeni pfi

kozni teploté 44 °C.
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8.3. Diskuse a zavéry

Nékolik praci se zabyvalo souvislosti VSF a pratoku kozni mikrocirkulaci, nebyla prokazana
vyznamnéj$i souvislost. Pfitom se ptedpoklada, ze prave pokles aktivity sympatiku vede k
redistribuci perfize ve prospéch AV shuntil a na ukor nutritivnich kapilar a tim vzniku teplé
ischémie mikrocirkulace.

Megfteni ukazuje, ze zmény pozorovatelné u diabetickych pacientt s kardiovaskularni
autonomni neuropatii jsou detekovatelné i v perifernim cévnim tecisti mikrocirkulace, byt’
jejich vyse nestaci k ovlivnéni pritoku méfeného LDF. Nabizi se tak alternativni metoda
vySetfeni autonomni neuropatie piimo v periférii, kde jeji postizeni ptisobi nejvetsi zmeény.
Lépe vychazeji zmény méfené pii kozni teploté 32°C, bereme-li hranici spektralni sily

v pasmu sympatiku pro predikci KAN 0,5, pak je senzitivita 79%, specificita 84%, PPV 85%,
NPV 78%. Je tfeba mit na védomi maly pocet pacienti, tudiz statisticka sila téchto vysledkt

neni dostatecné velka pro formulovani normy.
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9. VYUZITI VYSETREN{ MIKROCIRKULACE U SLEDOVANI HOJENI RANY PO APLIKACI
GELU Z AUTOLOGNI PLAZMY

9.1. Platelet rich plasma

Relativné novou metodou, zatim pouzivanou rutinné v kardiochirurgii a dentalni chirurgii je
lokalni oSetfovani rannych ploch pomoci autologni trombocyty obohacené plazmy (PRP),
ktera plisobi na hojeni predevs§im prostiednictvim z desti¢ek odvozeného rtstového faktoru
(PDGF). Trombocyty jsou ziskavany z vlastni krve pacienta, ze které se specialnim
separatorem ziska obohacena plazma. Casteénym spusténim koagulaéni kaskady je dosazeno
gelovité konzistence piipravku, ktera je vyhodna pro aplikaci na ranné plochy. PRP obsahuje
derived growth factor (PDGF) a transforming growth factor  (TGF-f3), byly zkoumény v
poslednich desetiletich a jejich efekt in vitro na angiogenezu a proliferaci bunék byl dobte

dolozen.

9.2. Metodika

Do pilotni studie bylo po podpisu informovaného souhlasu zatazeno celkem 5 pacientd se
syndromem diabetické nohy ischemické (nebo prevazné ischemické) priciny, s nehojicimi se
defekty vice nez 2 mésice, stabilnimi (rozmérove) v poslednim mésici, bez zanétu ¢i
antibiotické 1é¢by. Vylucujici kritéria zahrnovala pacienty s provedenym intervenénim
vykonem na tepnach DK v poslednich 2 mésicich, pacienty tézkou ischemickou chorobou
srdec¢ni (NYHA III-1V), pacienty s jinym autoimunnim onemocnénim nebo pacienty 1é¢ené
kortikosteroidy.

Pacientovi bylo odebrano 50 ml krve a v separatoru (Magellan, Medtronic, USA) ziskano 5

ml plazmy obohacené trombocyty.
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Po dobrém lokalnim debridementu byl gel nanesen na defekt a pod okluzivnim obvazem
ponechan 3 dny. Nasledné byl proveden stér na mikrobiologickou kultivaci a provedena dalsi
aplikace PRP gelu. Kazdy pacient podstoupil celkem 3 aplikace PRP gelu. Efekt 1¢€cby byl
posouzen pomoci plochy defektu zjisténé digitalni fotografii (na zacatku 1éCby, na konci l1écby
a po 4-5 tydnech po 1é¢bé), pted a po aplikaci PRP byla zmétena perfize mikrocirkulace

pomoci laser-doppler flowmetrie.

1. kontrola 2. kontrola 3. kontrola 4. kontrola
- b&iné prevazy - zahdjeni lécby PRP - ukonéeni léEby PRP - b&iné prevazy
- foto - foto + LDF - foto + LDF - foto
Y 4
4 - 6 tydnt 4 tydny

aplikace gelu z PRP

9.3. Vysledky

Béhem 4-5 tydnt studie se plocha defekti zmensila v priméru o 35% v porovnani s 5%

v predchozich 5 tydnech pied aplikaci PRP. Nebyl pozorovan lokalni zanét ani nebyl zjistén
pozitivni mikrobiologicky nalez. Kozni perfiize, hodnocena laser-doppler-flowmetrii, byla
lehce zvySena (jak bazalni perfuze, tak reaktivita v testu zahfatim na 44°C). Detailni

statisticka analyza nebyla s ohledem na nizky pocet pacientti provedena.

9.4. Diskuse a zavéry

Limitaci studie je pfedev§im nizky pocet pacientd. Studie se ucastnilo 5 pacientu, u tii bylo
pritomno leh¢i postizeni — st. 1-2 dle Wagnerovy klasifikace syndromu diabetické nohy a dva
pacienti byli s fadu mésict nehojicim se pahylem po transmetatarzalni amputaci, kde byla

zvazovana vyssi amputace. Nebyli tedy zahrnuti pacienti s Wagner 3 a 4.
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Studie neméla kontrolni skupinu, kazdy pacient byl kontrolou saim sob¢. Srovnaval se efekt 5-
tydenni standardni terapie versus 4-5 tydnd po PRP aplikaci. Z pohledu mediciny zalozené na
dikazech je toto nejvétsi limitaci prace.

Vsichni pacienti byli pro PRP 1é¢bu (9 dnt) ptijati k hospitalizaci. VIiv imobilizace koncetiny
neni tak velky jako u neuropatické diabetické nohy, ale nelze jej take podcenovat.

Pilotni studie ukazala slibny efekt gelu PRP na vzrist mikrovaskularni perfuze a urychleni

hojeni ischémického jinak netesitelného defektu. Piesnéji odpovi az randomizovana studie.
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10. URCENI ROBUSTNIHO PARAMETRU POPISUJICIHO PORH KRIVKU VE VZTAHU K
VZESTUPU PERFUZE PO ZAHRATI.

10.1. Uvodni poznamky

Laser-doppler-flowmetrie poskytuje relativné komplexni data a je n€kdy obtizné vybrat
adekvatni metodu vyhodnoceni. Pocinaje méfenim bazalniho prutoku, pies provokacéni testy
zminéné v uvodu az spektralni analyzu. Nasim cilem bylo najit novy rychle métitelny a
robustni parametr, dobie korelujici s vzestupem perfuze po zahtati (tento provokaéni test je
literarn€ nejrozsitenégjsi a i dle nasSich zkusenosti poskytuje dobré a opakovatené vysledky).
Nevyhodou testu zahtatim je dlouha doba méteni, ptevysujici véetné piipravy pacienta 30
minut. Nejméné 10-15 minut trva stabilizace maximalni vasodilatace a jsou i takové pacienti,
kde se doba pohybuje nad 20 minut. Naproti tomu test postokluzivni hyperémie je rychly, u
zdravych subjektt dobte hodnotitelny, ale narazi na problém u diabetickych nemocnych,

zejména s neuropatii, kde tvar typické pefizni kiivky je silné alterovan.

Obr. 8. ,,Idealni* PORH kfivka s nasledujicim zahiatim

132 heating -->

. peak flow
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00:02:00 00:04:00 00:08:00 00:08:00 00:10:00 00:12:00 00:14:00 00:16:00 00:18:00 00:20:00 00:22:00 00:24:00
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Obr. 9. Zleva priklady pacientti — diabetes mellitus bez neuropatie, s neuropatii a s neuropatii

a tézkou ischemickou chorobou dolnich kondéetin
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Ztejma obtiznost hodnoceni u pacientl s neuropatii a ICHDK nas pfivedla k testovani

ostatnich moznych parametra kiivky.

10.2. Metodika

Ze souboru vSech pacientd, u nichz byl dobte hodnotitelny zaznam vysetfeni mikrocirkulace
v testu hyperémii po zahfati a kteti méli zméteny PORH test bylo vybrano nahodné 120
méteni u 105 pacientd. Byli zastoupeni nemocni s obéma typy diabetu mellitu i bez diabetu,
s 1 bez periferni 1 autonomni neuropatie, rizného véku, pohlavi a trvani diabetu. VSechna
méfeni byla provedena na piistroji Periflux 5000 (Perimed, Svédsko), vzdy byla méfeni
provedena na nartu nedominantni nohy. Ke statistické analyze bylo pouzito Spearmanova

korela¢niho koeficientu.

pacienti s DM / bez DM 94 /11
vek [roky] 58+ 19
BMI [kgm™] 29+ 6
trvani diabetu DM [yr] 14+ 11
HbAlc [% IFCC] 6,2+1,8
cholesterol [mmol/1] 48=+1,2

37



Michal Kréma, Vysetfovaci metody mikrocirkulace u syndromu diabetické nohy, 2010

10.3. Vysledky a zavér

Pomér spickového pritoku (PF, peak flow) k bazalnimu (baseline) tésné koreloval s vysledky
testu zahtatim (r = 0,95; p < 0,01). Druhy nejlepsi parametr je bazalni pritok (baseline)
samotny — s hor$imi vysledky (r = 0,72; p = 0,05). Polo¢as dosazeni maxima (time to half

max, TH1) nemél statisticky vyznamnou korelaci s testem zahtatim.

parametr baseline biological peak flow time to time to PF/ Bz/
zero (BZ) (PF) max half max baseline baseline

correlation 0,72 -0,56 0,55 -0,32 -0,15 0,95 0,29
p =0,05 p=0,1 p=10,06 p=0,3 p=0,5 p <0,01 p=0,3

Stanoveni poméru $pi¢kového ku bazalnimu pritoku (PF / baseline) mize predstavovat dobry
parametr vySetfovani mikrocirkulace zejména tam, kde je test postokluzivni hyperémie

zkreslen artefakty, jak tomu byva u tézké ischemické choroby dolnich koncetin.
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Influence of physiological and supraphysiological hyperinsulinemia on skin
microcirculation in healthy volunteers
Michal Kréma, Daniela Cechurova, Jitka Gruberové, Zden&k Jankovec, Silvie Lacigova,

Michal Zourek, Zden&k Rusavy

Introduction:

Since the mid 1980s, a lot of attention has been dedicated to the importance of
microcirculation; a part of arterial bed including arterioles, precapillary sphincters, capillaries,
venules and arteriovenous shunts. It is a structure of decisive importance for an organism; in
its domain an exchange of blood gases and metabolic products takes place and it contributes
to thermoregulation. Mediation of vasomotor reaction and vasoarterial reflex maintaining a
stable hydrostatic pressure is also an important function. Microcirculation is for its
dimensions (capillary diameter approx. 5 x 10° mm?, blood flow velocity around 0.4 mm.s™)
relatively difficult to access for more detailed examination, yet its impairments are very
severe and dominate in many metabolic disorders. Microcirculation impairment is crucial in
diabetes mellitus, where arteriovenous shunts open at the expense of nutritive bed due to a
loss of sympathetic tone in peripheral circulation in diabetic neuropathy (Netten, Houben).
Blood flow is therefore seemingly sufficient, but the affected tissue undergoes ischemia
(warm ischemia). To what extent hyperinsulinemia contributes to this effect is not yet clearly
known, one of the possible explanations may be a stimulation of sympathetic activity. Not a
few studies are dealing with insulin's vasodilatory effect, however, with inconsistent findings
regarding the extent of microcirculatory response at various insulin levels upon acute and
chronic insulin administration.

Experimental work in rats showed an improvement in blood perfusion of sciatic nerve
perineurium after a one-month insulin treatment, concurrently, amelioration in nerve
conduction was proven electromyographically (Biessels). A short-term continuous
subcutaneous insulin infusion (insulin pump treatment) led to an increase in capillary
perfusion (Tymms) and to a decrease in venous oxygen tension in diabetic patients already
after 9 days of treatment. This result suggests an existence of redistribution of skin perfusion
favoring nutritive capillary bed.

Acute hemodynamic effects of insulin were tested in an experiment, where healthy young
men were treated with a short insulin, locally administered into brachial artery with a rate of 1
and 5 mU/min for a period of 90 minutes in a double blinded study design. Blood flow was

measured using body plethysmography. Higher insulin dose led to a statistically significant



vasodilatation (20%) compared to placebo. Administration of insulin + L-glucose
(metabolically inactive stereoisomer) did not produce further increase in vasodilatation in
comparison with pure insulin administration. Administration of insulin + D-glucose led to an
increase in perfusion in comparison with pure insulin administration (47% compared to
placebo). Glucose infusion itself did not cause any significant changes in blood flow (Ueda).
In diabetes type 1 patients when using different insulin infusion rates (1.5 [U/hr, 15 IU/hr)
there occurred an increase in blood flow measured by laser Doppler flowmetry (LDF) at the
low dose of insulin, while a decrease occurred at the higher dose (Tooke). These
measurements, however, were not performed in steady state conditions during clamp
examination. Conversely, no statistically significant changes in perfusion of skin
microcirculation were found in an experiment in healthy volunteers, where skin perfusion was
monitored during a three-step insulin clamp with gradually increasing insulinemia levels 60 —
500 IU/ml. Arteriovenous difference of glucose attained maximum value already at the lowest
insulinemia, subsequently it remained constant (Utriainen).

An increase in perfusion measured using LDF was noted at supraphysiological
hyperinsulinemia in anesthetized rats under clamp conditions concurrently associated with an
increase in femoral artery flow (Vincent).

Some studies dealing with physiologic hyperinsulinemia (approx. to 50 mIU/l) proved an
increased blood flow through muscle and skin microvascular beds and increased density of
opened capillaries under this condition (DeJongh, Serne). They used LDF and video capillary
microscopy for measurements. In addition, local skin administration of insulin using
iontophoresis has a vasodilatory effect in healthy volunteers, which diminishes with age
(Rossi), was not proven in diabetes type 2 patients and is decreased in obese non-diabetic
women (deJongh). An improvement in glycemic control leads to an increase in microvascular
reactivity in diabetes type 2 patients (Forst).

To summarize the abovementioned findings; it is relatively well proven that physiological and
even supraphysiological hyperinsulinemia leads to an increase in total limb blood perfusion.
Study results regarding insulin influence on microcirculation vary; some authors (Utriainen)
suggest an insignificant role of physiological as well as supraphysiological insulinemia, others
(Tooke, Serne) observed an increase in perfusion only in physiological hyperinsulinemia.
Furthermore, it is not completely clear, what part of the vascular bed contributes to the
increase in perfusion; whether it is an increase in blood flow through nutritive capillaries or

arteriovenous shunts.



Aim
To examine vasodilatory effect of insulin on perfusion of skin microcirculation in healthy

volunteers and assess, whether this effect follows a linear trend with insulinemia.

Methods

Microcirculation was examined at rest and after stimulation by physiologically (50 mIU/l) and
supraphysiologically (150 mIU/l) increased level of insulin. The examination was performed
in 12 non-obese healthy volunteers with no history of diabetes in parents and siblings, with no
chronic disease, with no chronic medication except hormonal contraception in women,
matched in age as well as in basic anthropometric and biochemical parameters (see Table 1).
Study protocol was approved by ethical committee of Medical Faculty in Pilsen, Charles
University in Prague. All volunteers were fully acquainted in advance with the experiment
and methods used, which they confirmed by signing an informed consent. The day before
study commencement, the volunteers maintained an ordinary daily routine with the exception
of heavy physical exercise, excessive consumption of saccharides, fats and alcohol, and last
meal until 9 pm. The following morning, a two-step hyperinsulinemic clamp with target
insulinemia 50 and 150 mlIU/l was performed according to a well-established method
(DeFronzo), i.e. rate of insulin infusion 2.4 IU/m%hr and 6.0 IU/m%hr. The order of
insulinemias was inverted in one half of the sujects (i.e. first 6.0 [U/m%/hr then 2.4 TU/m?/hr).
We measured skin perfusion using LDF and transcutaneous oxymetry, and respiratory
quotient and energy expenditure by indirect calorimetry (V-max Sensormedics, Yorba Linda,
CA, USA) according to a standard method (Weir et al.) at basal conditions and in both steady
states. M-value of each clamp was calculated to assess the change in insulin resistance.

Results in form of median and interquartile range were evaluated by Wilcoxon test.

Laser-doppler flowmetry

Skin perfusion was examined at basal conditions before the clamp and in steady state at both
insulin levels. System Periflux 5000 (Perimed, Sweden) with PF 5010 probe emitting laser
with a wavelength of 780nm and power output ImW was used for the measurement. The
probe was placed to a dorsum of non-dominant foot and measurement was performed in all
subjects at stable temperature of 33°C. Subsequently, stimulation tests (Muller et al.) were
employed — heating (probe heating to 44°C inducing maximal vasodilatation) and occlusion
(3-minute occlusion of a limb using a sphygmomannometer cuff inflated to a pressure of

30mmHg higher than systolic blood pressure), where time necessary for attaining maximal



perfusion after cuff release was measured. These stimulation tests are a standard in
examination of tissue perfusion (Leahy, Walmsley, Albrecht, Wohlrab et al.) owing to a
considerable time and spatial variability of plain basal perfusion measurement. Sampling rate

was 31ms, firmware Perisoft (Perimed, Sweden) was used for data evaluation.

Transcutaneous oxygen monitoring

Partial pressure of oxygen was measured using tcpO, probe PF 5040 of Periflux 5000 system
(Perimed, Sweden), based on principle of polarography (Lawall et al.). Heated Clark electrode
(45°C) was attached to skin of foot dorsum at a standard location (between the 1*' and 2nd
metatarsus) using an adhesive ring, the space between the electrode and skin was filled with
contact solution supplied by the producer. The probe was applied at least 10 minutes prior
measurement commencement. Sampling rate was 3 1ms, firmware Perisoft (Perimed, Sweden)

was used for data evaluation.

Results:

Data are clearly summarized in Table 2 and Graph 2, 3, and 4. The group, where the clamp
with lower target insulinemia was performed first did not statistically differ from the group
with initial higher insulinemic clamp. Statistically significant higher perfusion in skin
microcirculation was achieved at physiological hyperinsulinemia in both tests (hyperemia
after heating to 44°C — 1848% [984 — 2046] vs. 1599% [801 — 1836], p < 0.05, half time of
reaching peak perfusion after occlusion release 1.2 s [0.9 — 2.6] vs. 49 s [1.8 — 11.4], p <
0.05.There occurred a statistically significant increase in tissue oxygenation (tcpO, — 48.6
mmHg [45.5 — 49.7] vs. 38.9mmHg [35.5 — 40.8], p < 0.05).

The perfusion of skin microcirculation was even higher at supraphysilogical hyperinsulinemia
in both tests (hyperemia after heating to 44°C — 1937% [1177 — 2488] vs. 1599% [801 —
1836], p < 0.005, half time to reach peak perfusion after occlusion release 1.0 s [0.7 — 1.1] vs.
49 s [1.8 — 11.4], p < 0.005. There occurred a statistically significant increase in tissue
oxygenation (tcpO; — 57.4 mmHg [51.7 — 66.2] vs. 38.9 mmHg [35.5 — 40.8], p < 0.005). The
difference in perfusion and oxygenation between physiological and supraphysiological
hyperinsulinemia were not statistically significant. M-value measured during the clamp for

insulin resistance evaluation did not change.

Discussion:



Studies that monitored an influence of insulin on microcirculation used either local skin
administration using iontophoresis (DeJongh, Serne et al.) or systemic delivery (Utriainene,
Tooke, Ueda et al.). The advantage of local administration is limited local hyperinsulinemia,
which does not require a clamp examination associated with fluid infusion and change in
hepatic production of glucose and pancreatic production of insulin. In our study we chose the
systemic administration, advantage of which is physiological insulin distribution and
elimination of influence of passage of electrical current, which can induce vasoconstriction

via voltage-dependent sodium and calcium channels (Figueroa et al.).

Simultaneous use of LDF and transcutaneous oxymetry methods was performed to distinguish
perfusion of nutritive bed (assessed through O, release) from total blood flow through
microcirculation (including arteriovenous shunts) in the region of interest of LDF probe, to
which corresponds microvascular reactivity. However, measuring transcutaneous partial
oxygen pressure can only be considered a rough indicator of nutritive bed perfusion. The
exchange of oxygen between the vascular bed and tissues takes place also on other levels
(larger vessels, via interstitial fluid) and there was found a discrepancy between capillary
density assessed through video capillary microscopy and transcutaneous oxymetry values

(Ubbink et al.).

In some older studies, (Utrainen, Tooke et al.) the authors describe no, or statistically
insignificant, increase in microcirculation perfusion as a result of insulin infusion. On the
other hand, more recent studies (Serne, deJongh et al.) demonstrate an increase in perfusion at
physiological hyperinsulinemia. The explanation may lie in a different methodology used. In
older studies the perfusion was measured by a probe only at basal conditions and no
abovementioned stimulation test was employed. According to our findings the value of basal
LDF perfusion showed only insignificant incremental trend (see Table 2.), which corresponds

to data measured earlier (Utriainen, Tooke et al.).

Transcutaneous oxygen pressure monitoring is important for estimation of amputation wound
healing in diabetic foot syndrome (Faglia et al.) as well as for angioplasty effect monitoring in
patients with critical limb ischemia (Caselli et al.), tcpO, values at rest below 30 mmHg are
an independent predictor of ischemia (Cechurova et al.). The increase in transcutaneous
oxygen pressure observed in our study in consistent with previous study data (Tymms et al.),

where arteriovenous difference of oxygen increased with continuous subcutaneous insulin



infusion, which suggests a flow redistribution favoring functional vascular bed. On the
contrary, in patients with diabetes mellitus type 2, where insulin resistance and
hyperinsulinemia are present, transcutaneous oxygen pressure is inversely proportional to
insulinemia — it falls with its increase (Kizu et al.). In obese patients with metabolic
syndrome, but without diabetes, decreased vasomotion and reduced response to locally
administered insulin was described (DeJongh et al.). These findings suggest a different
behavior of microcirculatory vascular bed in hyperinsulinemic insulin-resistant patients,
where the response of microcirculation to exogenous insulin administration is altered and
there is no improvement of nutritive perfusion (possibly even deterioration), while in insulin-
sensitive patients, insulin administration causes more nutritive capillaries to open.
Pathogenesis mechanism of reactivity changes is put in connection with oxidative stress
induced by hyperlipidemia and insulin resistance, which causes vasoconstriction through
augmentation of endothelin receptor activity (for thromboxane A2) in smooth muscle tissue
(Xiang et al.). In this regard it will be interesting to observe insulin mediated microcirculation
redistribution in patients with chronic heart failure treated with newly developed endothelin

receptor antagonists, such study has not yet been done according to available literary data.

The question is, whether the fluid load itself associated with clamp examination does not lead
to sympathetic activation and microcirculation reactivity increase. In literature, we can find a
mention about slight microcirculatory reactivity increase associated with fast infusion of
saline (Frost et al.). In our experiment, healthy volunteers were administered always a total of
1 — 1.5 1 of glucose during the 2-hour clamp, there was no increase in heart rate observed.
This rate of fluid infusion cannot be considered sufficient to trigger a sympathetic response. In
addition, no significant difference in measured parameters was observed between the two
subgroups (initially lower and higher insulinemia) despite the fact that the administered fluid
volume at the first and the second steady state varied. Nevertheless, the failure to perform
control examinations without glucose and insulin administration can be considered a certain

limitation of the study.

Conclusion
Hyperinsulinemia causes an increase in reactivity of microcirculation as well as an increase in
transcutaneous oxygen pressure in healthy volunteers upon systemic administration of insulin.

This effect rises non-linearly with increasing insulinemia.
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Table 1. Characteristics of subjects

median (interquartil range)

number (male/female)

age [years]
BMI [kg.m™]

waist [cm]

blood pressure [mmHg]

fasting plasma glucose [mmol/1]
plasma triglycerides [mmol/l]
HDL cholesterol [mmol/I]

LDL cholesterol [mmol/l]

fibrinogen [mmol/1]

12 (6/6)

24 (23 - 25)

21,6 (20,7 —23,7)

74,5 (66,3 — 80,0)

113/75 (107/66 — 117/80)
47 (4,6 - 53)

0,8 (0,7 —0,9)

1,4 (1,1 - 1,6)
2,5(2,3-3,1)
2,3(2,2-2,5)

Table 2. Results

median (interquartil range)

real insulin level [mIU/I]

LDF baseline [PU]

LDF heating test [%]

LDF post-occlusion

hyperemia test [s]

tepO, [mmHg]

basal 50 mIU/1 150 mIU/I
35 475" 144.5°
(1.8-4.1) (36.0 — 53.3) (115.9 - 170.5)
7.5 12.3% 12.9%
(6.8—10.2) (9.2-21.8) (8.6—29.9)
1599 1848" 1937
(801 - 1836) (984 —2046) (1177 —2488)
4.9 12" 1.0"
(1.8-11.4) (0.9 -2.6) (0.7-1.1)
38.9 48.6" 574"
(35.5-40.8) (45.5—49.7) (51.7 - 66.2)

—+

p <0.05
p <0.005

NS

not significant



perfusion increase after heating [% change]

Fig. 2. Heating test results
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Fig.3. Post-occlusive hyperemia test results
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Fig. 4. Transcutaneous oximetry results
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Introduction

At present the effect of slight physical training on impaired microcirculation due to diabetes is
examined in detail. Endothelial dysfunction, especially in overweighed patients with diabetes
mellitus type 2 can be influenced by lifestyle modifications. Questionable is, whether this
influence is partly caused by increase of physical activity by itself, or only secondarily
through improvement of metabolic compensation. During six months following obese
subjects with diabetes type 2 was observed amelioration of endothelial dysfunction
parameters (1) in the course of lifestyle modification (caloric restriction in diet and structured
exercise program). Subjects’ weight, waist-to-hip-ratio, level of HbA ¢ and total cholesterol
significantly decreased at the same time.

Difference between plasma NOy concentration and cutaneous blood flow measured by laser
Doppler technique was found in healthy volunteers between two groups of men that differed
only in intensity of chronic physical training (2, 4).

Similar work in healthy subjects at risk of developing type 2 diabetes demonstrated higher
microvascular reactivity in the group with more frequent physical activity (3). Groups were
matched to age and no differences in metabolic or anthropometric parameters were observed
in between.

A recent paper focuses on increased metabolically indifferent physical activity for period of
six months in subjects with type 2 diabetes and its influence on microcirculation. It did not
prove any significant changes in microvascular reactivity in comparison with control group
(5).

Concurrently a similar study with rather different design and result was performed in our

centre.

Aim

Primary to determine if moderate, short time, anthropometrically and metabolically
indifferent increase of physical activities changes microvasculary reactivity in obese subjects
with diabetes mellitus type 2. Secondary point was to test if these findings persist after return

to habitual lifestyle.

Materials and methods
8 volunteers, obese type 2 diabetic patients, non sport-practicing, were exact informed about

the procedures and signed informed consent. Protocol of this study has been approved by



ethical committee. Exclusion criteria were severe ischemic heart disease (myocardial
infarction in history, heart failure NYHA > I), diabetic foot syndrome with ulcers, any walk
restrictive musculoskeletal disease and respiratory insufficiency. As a mild physical training
was used walking in the non sport-practicing subjects. Training intensity was objectified by
pedometers. Microvasculary reactivity and perfusion of skin in lower limbs were measured by
laser-Doppler flowmetry and transcutaneous oximetry (Periflux 5000, Perimed, Sweden). At
first visit subjects were good educated in pedometers using and were measured
anthropometrical (age, height, weight, waist circumference) and laboratory (fasting plasma
glucose, HbA ¢, triglycerides, cholesterol, serum creatinine) parameters. In four weeks, at
visit two, was calculated steps count and subjects were educated to increase day-to-day walk
about 10-15%. After this four weeks period were subject at visit three instructed to return to
habitual activity. Last visit was after four weeks this second period. At every visit was
measured above mentioned anthropometric and laboratory parameters, from visit two was
steps count calculated and were measured microvasculary reactivity by laser-doppler
flowmetry and transcutaneous oximetry. Not normally distributed results (in the form of

median an interquartil range) were evaluated by Friedman and pair Wilcoxon test.

Results

After four weeks of slightly increased aerobic activity (walk about 800 [560 - 1400]
meters/day, corresponding to about 20% activity increase) microvascular reactivity increased
significantly in both tests (after heating from 4.9x [4.4 — 5.4] to 6.1x [5.7 — 6.8], p < 0.01),
half time to reach maximum perfusion shortened from 4.1 [2.7 —5.4] sto 3.1 [2.4—-4.0] s,p <
0.05. The increased perfusion lasted after following four weeks of habitual activity in smaller
extent (microvascular reactivity increase after heating 5.2 [4.8 — 6.1] s, half time to reach
maximum perfusion 3.8 [2.7 — 5.0], this increase was not significant in comparison with
habitual activity in the first period). Metabolic and anthropometric parameters and

transcutaneous oxygen tension did not change significantly (Table 1).

Discussion

In contrast to similar study (5) only obese non sport-practicing subjects were included in the
study as opposed to all patients of typical diabetology centre. Walking was the only relevant
muscular exercise for the subjects. They were asked about sports at every visit (Had they

started practicing sports, they would have been excluded from the study).



Reasons, why our results are different from this paper, are possible to found in two arenas.
First, is questionable whether half an hour exercise 3 times a week is sufficient duration of the
activity — in our study the patients were subjected to lower intensity exercise than previously
mentioned, but for a longer period of time (approx. 30 min/day according to the design, but it
is impossible to ascertain time exactly).

Second, our subject choice is different. Only subjects with sedentary lifestyle were enrolled in
our study, where there should be the highest potential for amelioration of microvascular
function through exercise.

Discrepancy between increased microvascular reactivity measured by LDF and unchanged
transcutaneous oxygen pressure could represent an interesting finding. TcpO; values were
within normal range for healthy population (basal tcpO, > 30mmHg), subjects had no lower
leg ischemia history or clinical symptoms. We suggested there was not yet peripheral tissue
oxygen deficit and this is why there is not reserve for increasing after exercise.

In agreement with cited papers, our study indicates the need of additional examination as to
what type and what dose of physical activity lead to microvascular reactivity improvement
and — in practice — how to choose patients, where regular physical training would have best

efficacy. It is likely that we need therapeutics strategy “made-to-measure”.
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Table 1

Subjects characteristics — median (interquartil range)

V2

V3

V4

steps count

age

diabetes duration
systolic BP

diastolic BP

FPG [mmol/1]
HbA1C [%]
triglyceride [mmol/1]
cholesterol [mmol/1]
weight gain [kg]

3439 (2915 —4230)

8,4 (7,3 -9.8)
6,4 (6,1 - 7,6)
2,4 (1,6 - 3,0)
4,8 (4,0 -5,5)
0,1 (-0,4 —+0,8)

4189 (3335 — 5550)*

8,4 (4,4 -11,8)
6,5 (4,7 - 8.5)
2,4(1,5-3,3)
44 (42— 48)
0,3 (-0,4 - +0,5)

3489 (2917 — 4316)

8,5 (6,4 — 12.3)
6,3 (5,5 6,7)
2,2 (1,8 - 2,6)
4,7 (4,1 —4,9)
0,5 (+0,1 - +0,5)

NS
NS
NS
NS
NS

*p <0.001



Fig. 1
Microvasculary reactivity results — LDF heating test (left) and LDF post-occlusion hyperemia
test (right)
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SKIN MICROVASCULAR FLOW SPECTRAL ANALYSIS IN DIABETES

AND ITS CONNECTION TO CARDIOVASCULAR NEUROPATHY

M. Krcma, D.Cechurova, J. Gruberova, S. Lacigova, Z. Rusavy

Diabetology centre, 1st Dept. of Internal Medicine, University Hospital and Charles University Plzen

ABSTRACT

Cardiovascular neuropathy is common complication of diabetes mellitus, brings higher
morbidity and mortality due to sudden cardiac death. Some literary data showed there
is no correlation between cardiovascular autonomic neuropathy (CAN) and skin
microcirculation flow. Whereas in many studies is decreased sympathetic activity
supposed to be a reason of constricted nutrition capillaries in favour of arteriovenous
shunts. Our task was to find relation between cardiovascular neuropathy and spectral
power of skin microvascular flow variability (vasomotion). In 61 patients with diabetes
mellitus type 1 was examined CAN by standard methods (Ewing tests, spectral
analysis) and foot skin microcirculation by laser-doppler flowmetry with spectral
power calculations in ranges corresponding with endothelial, sympathetic, intrinsic
myogenic, breathing and cardiac activity. Subjects were divided into two groups with
and without CAN; groups were comparable in age, gender, diabetes duration,
triglyceride and cholesterol level, blood pressure and BMI. There was neither observed
difference in basal microcirculation flow nor in heating test (increase 8,6x vs. 8,3x). In
subjects with CAN was significantly lower spectral power in endothelial (p<0.01) and
sympathetic (p<0.005) range. In myogenic range was observed lower spectral power
with borderline significance (p= 0.06) in subjects with CAN.

without neuropathy severe neuropathy

VASOMOTION (LDF)

¢ ¥ .
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HEART RATE VARIABILITY — SPECTRAL ANALYSIS

AIM

>  Find dependency between skin perfusion and skin microvasculatory reactivity in diabetic patients type 1 with and without cardiovascular autonomic neuropathy

(CAN)
»  Find relation between skin perfusion variability and CAN

»  Provide preliminary evaluation if LDF measured vasomotion spectral power can predict CAN

METHODS

CAN examination - VariaCardio (VarCor PC) - spectral analysis, Ewing tests

STUDY GROUP

LDF examination - Periflux 5000 — probe on instep skin of non-dominant leg without CAN severe CAN
statistical analysis - Perisoft, Merlin for Excel, Statistica (FFT) subjects [M/F] 13/16 14/18 NS
age [y] 324+115 37.6+10.4 NS
Heart rate spectral analysis — frequentional analysis of RR intervals from HbAlc [% IFCC] 75+2.6 7.8+2.6 NS
E;G,ttejted total power (LF + HF), LF/HF (sympathetic aktivity), age cholesterole [mmol/] 51+1.0 54+23 NS
adjuste . .
% HF (0.15-0.50Hz) - parasympathetic (vagal) response triglycerides [mmol/l] 13£07 1.6+18 NS
< LF (0.05-0.15 Hz) — sympathetic response TF [min-1] 68 +8 80+9 p<0.01
“ VLF (0.02-0.05 Hz) - RAAS, termoregulation, neuropeptides STK [mmHg] 116 + 13 120+ 12 NS
Laser doppler spectral analysis — vasomotion DTK [mmHg] 71£10 72+11 NS
< 0.009 - 0.02 Hz - endothelial activity retino/nephro/neuropathy  8/3/4 7/5/10
< 0.020-0.06 Hz - sympathetic tone X
< 0.060-0.20 Hz - intrinsic myogenic activity macroangiopathy 2 3
< 0.200 - 0.60 Hz — respiratory arhytmia
+* 0.600 - 1.60 Hz — cardiac activity — pulse
RESULTS
A. CAN & skin perfusion B. CAN & LDF spectral analysis in basal skin temperature C. CAN & LDF spectral analysis in heating 44°C
30 3 12
NS NS NS p<0,01 p <0,005 NS NS NS NS
25 25 10
20 2 8
15 15 6
10 . 1 4
5 " é * z é L
= -
0 0
basal [PU] basal [PU] T1/2max [s] endothelial sympathetic myogenic i i myogenic
CAN DN CAN + CANO CAN + CANDN CAN + CANO CAN + CANO CAN + CANO CAN + CANO CAN + CANO CAN + CANO CAN +

No differences between group with and without CAN.
The same results in baseline, heat response 44°C, PORH.

Significantly lower spectral power in subjects with CAN
in endothelial and sympathetic portion.

No differences between group with and without CAN.

AN prediction in dependency on LDF-measured sympathetic activit
CONCLUSION CAN prediction in dependency d sympatheti ivity
1. Insubjects with severe cardiovascular neuropathy is lowered LDF spectral power . sensitivity 79%
. . . i specificity 84%
in sympathetic response region % positive predictive value 85%
2. Adequately is lowered endothelial spectral power 2 negative predictive value 78%
3. Skin microcirculation perfusion and microvasculary reactivity is equal in both groups , )
A 4
4. CAN prediction from LDF variability records is basically feasible, but there is lack of evidence N
N i
’ i
CANO CAN +

Study was supported by Scientific programme MSM 0021620814
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W THE EFFECT OF PLATELET RICH PLASMA
K IN LOCAL TREATMENT OF DIABETIC FOOT SYNDROME
¢
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Diabetology Center, 1st Dept. of Internal Medicine, Charles University and University Hospital Plzen, Czech Republic

[J INTRODUCTION
Diabetic foot syndrome is Patints alo autators n comparison i SUBJECTS
one of the most alarming
complications of  both  wn All patients were exact informed about the procedures and signed informed
types of diabetes mellitus. ™| consent. Protocol of this study has been approved by ethical committee.
Diabetic foot also increases " I
. . 0% nclusion criteria:
motttahty (due to SEepsis, e diabetes foot syndrome ischemic (or predominantly ischemic) etiology
peri- and postoperative - ulcer lasting over 2 months
mortality) and brings large - in last 4 weeks stable area and depth
expenses for healthcare. T aw 2001 2002 2003 2001 - without inflammation, without antibiotic treatment

Last time not only in our country the number of amputations
increases, about 19% of all diabetic foot syndrome patients
undergo small (toes or transmetatarsal) or higher amputation.

Exclusion criteria:
planned or recent (2 months) intervention (PTA, by-pass, amputation)
cardiac failure (EFLV < 35%)

Application of platelet rich plasma (PRP) as a new method of | _ i nective tissue disorders (vasculitis, etc.)

local treatment could assist to improve this negative trend. - corticosteroid or immunosuppressive treatment
- end stage chronic kidney disease

[J DESIGN - dialysis

Platelet rich plasma contains about ten times higher
concentration of platelets - thrombocytes. We used autologous PRP acquired by repeated centrifugation patient’s blood. Two most
important growth factors released from platelets, platelet derived growth factor (PDGF) and transforming growth factor g (TGF-B) were in
o o o last decades researched and its effect to
1.visit 3. ¥isit 4. visit angiogenesis and cell proliferation was
- common local treatm ent - ervd of PRP treatment - coimmen local treatment proven in number of studies in vitro and in
- pholography - photagraphy + LDF - photagraphy some studies in vivo (7). Nowadays, PRP has
. been used with success in dentistry (3, 5)
2. visit and cardio surgery to improve healing
starl of PRP ireatmem wounds. Our theory was, through
- pholography + LD improvement  angiogenesis and the
microcirculation in the patients with grave
impairment of microcirculation due to
diabetes, to contribute to healing ulcers.
After good debridement, gel from PRP was
applied to the ulcer for three days under
occlusive covering.
PRP applications Effect of therapy was observed by
measuring area of ulcer from digital
photography (at the beginning of treatment, at the end of treatment, 4-5 weeks after treatment) and before and after application of PRP
was examined skin microcirculation in surrounding area by laser-doppler flowmetry.

4-6 weeks 3days 3days 3days 4 weeks

[0 RESULTS

During the study, in 4-5 weeks the area of ulcer decreased in average of 35%, in comparison with 5% in previous 5 weeks. There were
observed neither local inflammation nor bacterial colonization. Skin perfusion, measured by laser-doppler flowmetry, was slightly increased.
Difference was not statistically significant. Detailed reasons with statistical assessment were not performed because to small nhumber of
patients.

BEFORE (V2):

PHARMACOECONOMICS

AFTER (V4): Sweden

-costs for one patient’s treatment:
without amputation 51.000 SEK (3.000 - 808.000)
with amputation 344.000 SEK (27.000 - 992.000)

Boulton, A.J.M, The diabetic foot: a global view. Diabetes Metab. Res. 2000

Price for one patient’s PRP treatment - 38.400 CZK ~ 1700 USD
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THE EFFECT OF PLATELET RICH PLASMA IN LOCAL TREATMENT OF DIABETIC

FOOT SYNDROME
MUDr. Michal Kréma, Doc. MUDr. Zdenék Rusavy, Ph.D.

Diabetologic Centre, 1* Department of Internal Medicine, University Hospital, Plzeii

Introduction:

Diabetic foot syndrome is one of the most alarming complications of both types of diabetes mellitus. Its
incidence still growths in absolute numbers. Diabetic foot also increases mortality (due to sepsis, peri- and
postoperative mortality) and brings large expenses for healthcare. Strongly limits patient’s quality of life. Last
time not only in our country the number of amputations increases, about 19% of all diabetic foot syndrome
patients undergo small (toes or transmetatarsal) or higher amputation. Application of platelet rich plasma (PRP)

as a new method of local treatment could assist to improve this negative trend.

Methods:

Platelet rich plasma contains about ten times higher concentration of platelets — thrombocytes. We used
autologous PRP acquired by repeated centrifugation patient’s blood. Two most important growth factors released
from platelets, platelet derived growth factor (PDGF) and transforming growth factor B (TGF-f) were in last
decades researched and its effect to angiogenesis and cell proliferation was proven in number of studies in vitro
and in some studies in vivo (7). Nowadays, PRP has been used with success in dentistry (3, 5) and cardio surgery
to improve healing wounds. Our theory is, through improvement angiogenesis and the microcirculation in the
patients with grave impairment of microcirculation due to diabetes, to contribute to healing ulcers. Inclusion
criteria fulfilled patients with diabetic foot syndrome ischemic (or predominantly ischemic) etiology, with non-
healing ulcers for two months, stable in last month, without inflammation or antibiotic treatment. Exclusion
criteria cover patients with vascular reconstruction (lower leg by-pass) or angioplasty in previous two months,
patients with grave heart ischemia (NYHA III-1V), autoimmune disorders or patients treated with corticosteroids.
After good debridement, gel from PRP was applied to the ulcer for three days under occlusive covering. After
that was performed microbiological examination and next application of PRP gel. Every patient undergoes three
applications of PRP. Effect of therapy was observed by measuring area of ulcer from digital photography (at the
beginning of treatment, at the end of treatment, 4-5 weeks after treatment) and before and after application of

PRP was examined skin microcirculation in surrounding area by laser-doppler flowmetry.

Results:

During the study, in 4-5 weeks the area of ulcer decreased in average of 35%, in comparison with 5% in previous
5 weeks. There were observed neither local inflammation nor bacterial colonization. Skin perfusion, measured
by laser-doppler flowmetry, was slightly increased. Difference was not statistically significant. Detailed reasons

with statistical assessment were not performed, because this was pilot study with very small number of patients.

Discussion:
What should I mention at first; it was a very small group of patients. This pilot study include five patients; three

with ulcers 1.-2.st. (according to Wagner classification), two with long time non-healing wound after



transmetatarsal amputation, where was considered higher amputation. It didn’t include whole wide spectrum of
diabetic ulcers, especially Wagner 3 and 4.

This study hadn’t a control group. Every patient was control for himself. We compared healing (change of ulcer
area) during 5 weeks standard therapy and 4 weeks after PRP applications. Absence of control group presents a
limit for our study in the view of evidence based medicine.

All patients were for PRP treatment (9 days) admitted to the hospital. Influence of leg immobilization is not so
big comparing with neuropathic ulcers, but it isn’t possible to completely forget this factor. Randomized study
answers this question satisfactory.

Important part of problematic, especially now in Czech Republic, is also farmacoeconomical aspects. Two
studies have been finished; in first in Sweden, total cost of healthcare for one patient was 51.000 SEK (3.000 —
808.000) without amputation and 344.000 SEK (27.000 — 992.000) with amputation (6). In second study in
Czech Republic were average expenses for one patient 34.500 CZK (6.300 — 190.200) in case of uncomplicated
course and 53.700 CZK (18.000 — 180.600) for patients with complications (2). Treatment with PRP gel costs
(consumables) 38.040 CZK for one patient.

Conclusion:
Local application of PRP can be advantageous method for some of our diabetic patients, suffering by diabetic
foot syndrome. It needs larger randomized, at least single blind study, for evidence of effect with statistical

assessment.
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Souhrn:
Usp&sna 1é¢ba syndromu diabetické nohy je stale velkym problémem jak z 1ékatského tak i z ekonomického

hlediska. Cilem nasi prace bylo ukdzat moznost vyuziti trombocyty obohacené krevni plazmy, ziskané separaci z



krve pacienta, v 1é¢b¢ dlouhodobé se nehojicich ischemickych nebo ptrevazné ischemickych diabetickych
defekti, kde byly vy€erpany ostatni bézné¢ pouzivané moznosti Ié¢by. Principem ucinku je podpora angiogeneze
a hojeni defektu rtstovymi faktory vyplavovanymi z granul trombocyti (PDGF, TGF-B). Pilotni studie se
zGc¢astnilo 5 pacientd, u nichz po aplikaci PRP doslo béhem 4 tydni k 35% zmenSeni plochy defektu proti max.
5% zménam plochy defektu v predchozich alespoil 5 tydnech. Doslo téz ke statisticky nevyznamnému zlepSeni
kozni perfuze. Ziskana data budou podkladem pro design randomizované jednoduse zaslepené studie na vétSim

poctu pacientti.
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ABSTRACT

POST-OCCLUSION PEAK FLOW - USEFUL DIAGNOSTIC TEST
FOR LASER DOPPLER FLOWMETRY IN DIABETIC PATIENTS?

M. Krema, J. Gruberova, J. Meinlova, Z. Jankovec, Z. Rusavy
Ist Dept. of Clinic Medicine, University Hospital Plzen, Czech Republic

Introduction: In addition to transcutaneous oximetry, laser Doppler flowmetry provides =
some important information about microvascular reactivity and cutaneous blood flow. =
There are many papers concerning diabetic foot syndrome, which are looking for a =
standard microcirculation assessment method (e.q. standard provocation test). s
Measuring basal flow itself is not sufficient, most widely used tests are heating test and -
post occlusion hyperemia test. Both tests have some disadvantages for common clinical
practice - heating test lasts at least 20-30 minutes, standard evaluation of post occlusion
hyperemia test (counting time to half before hyperemia) is strong dependent upon
examinator’s skills.
Aim: Our aim was to find a parameter, which can be simple measured from PORH test
and highly correlated to heating test (relative flow rise in maximum vasodilatation).
Methods: We undertook retrospective analysis of 120 LDF measurements in 105
patients with diabetes type 1 and 2, with and without peripheral neuropathy. Statistical
assessment was performed using Spearman’s correlation test.

Results: PF (peak flow) to baseline rate after hyperemia correlates tight with heating test
results (correlation coefficient 0.95; p < 0.01). Second best parameter is basal flow itself
with poorer results (correlation coefficient 0.72; p = 0.05).

sefENYURNETRENRCEOanENENE

heating -

peak flow

occlusion

AIM

>
>

>  Find a robust method for nearly all shapes of PORH curves

METHODS

Patient selection - randomly selected patients with
sufficient data were enrolled

¥ LDF examination - Periflux 5000 — probe on instep skin of
non-dominant leg
Statistical analysis - Perisoft, Merlin for Excel

Measured parameters (see fig. in left):
baseline flow, biological zero in occlusion, time to reach

maximum perfusion, time to reach half maximum, peak
flow after occlusion rest

Different shapes of PORH curves:

obesity / short lasting diabetes

typical diabetes curve

diabetes with mild neuropathy

WEE  BRE  DEW  ReE  EhE G0 BHE  BwE WS BEE  RES  BhE

Find a robust and simple parameter from post-occlusion relative hyperemia test, which is well correlated with maximal vasodilatation after heat exposure (44°C)
Compare others parameters from PORH curve

STUDY GROUP
subjects DM / non-DM 94 /11
age [y] 58 £19
BMI [kgm?] 29+6
lasting DM [yr] 14+11
HbA1c [% IFCC] 62+1,8
cholesterol [mmol/1] 4,8+1,2

diabetes with serious neuropathy

and/or PAOD
RESULTS
parameter baseline biological zero (BZ) peak flow (PF) time to max time to half max PF / baseline BZ / baseline
correlation 0.72 -0,56 0.55 -0,32 -0,15 0.95 0.29
p = 0.05 p=0.1 p =0.06 p=0.3 p=0.5 p <0.01 p=03
6,0 q
CONCLUSION
5'0 7] . . . . . .
. “  PF (peak flow) to baseline rate after hyperemia correlates tight with heating test

4,0 . " . results (correlation coefficient 0.95; p < 0.01).
) . R “. .
% LN o “  Second best parameter is basal flow itself with poorer results (correlation
® 3,0 1 . .. P R
E-] . . . . . .
E L PO .o " coefficient 0.72; p = 0.05).

20 ° " : o e % Time to half max or time to max did not correlate significantly

. e . .
10 L . . <& Peak flow assessment seems to be a good method for skin microcirculation
: examination in subjects with serious neuropathy or peripheral arterial occlusion
0,0 - - . . . . : . . .
00 20 40 60 80 100 120 disease, where are PORH curves garbled with artifacts
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