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SOUHRN

Uvod

Ac redukovanad variabilita srdecni frekvence (heart rate variability, HRV) je prokdzana
jako vyznamny prognosticky marker v kardiologii a diabetologii, Ize nalézt malo vyzkumnych
praci na téma nefarmakologickych intervenci scilem Upravy/zlepseni této autonomni
dysfunkce. Béhem poslednich dvou dekad jsme uspésné klinicky ovéfili diagnosticky postup
ke kvantifikaci moZnych pozitivnich vlivi [écebnych intervenci u pacientl s autonomni

dysfunkci v ramci diabetu a/nebo metabolického syndromu.

Cile

(1) charakterizovat klinicky vyvoj diagnostické metody urcené ke kvantifikaci autonomni
dysfunkce

(2) ovérit tyto diagnostické metody kratkodobé ¢asové i frekvencni analyzy HRV v rutinni praxi
(3) zhodnotit prinos analyzy HRV pfi sledovani terapeutickych ucinkd nefarmakologickych

|écebnych opatteni u pacientl s metabolickym syndromem.

Metody

K realizaci cil(i prace byla pouzZita metody casové a frekvencni analyzy kratkodobého
zdznamu HRV béhem modifikovaného ortostatického pokusu (Opavsky 1995) a/nebo baterie
reflexnich kardiovaskularnich testd dle Ewinga (Ewing 1985).

Dale byly dle cili v jednotlivych studiich pouZity nasledujici diagnostické nebo
terapeutické metody: diagnostické metody -- analyza 24h zdznamu krevniho tlaku (ABPM),
echokardiografie a dalsi sonograficka vysetireni, EKG, zatéZova spiroergometrie, EEG, odbéry
krve. Pouzité terapeutické metody zahrnovaly kromé standardni medikamentozni 1é¢by také
nefarmakologickd opatreni, jako napt. 12-tydenni vytrvalostni trénink na rotopedu, spinalni
stimulaci u pacientl s refrakterni anginou pectoris pfi chronické ICHS, fizené zpomaleni
dychani pomoci bio-feedbacku nebo bezkontaktni radiofrekvencni redukci subkutdnniho

bfisniho tuku. Jednotlivé metody jsou podrobné popsany v konkrétnich publikacich.
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Vysledky

Ziskali jsme nasledujici vysledky:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

U skupin pacient( s diabetem s rliznym stupném autonomniho postizeni jsme za
pouziti ,zlatého standardu“ Ewingovy baterie testl stanovili normy pro spektralni
analyzu kratkodobé HRV béhem modifikovaného ortostatického pokusu (Publikace
¢. 3.2.1 dle Seznamu komentovanych praci)

U skupin zdravych dobrovolnikl a pacientd s diabetem jsme béhem vyse
uvedeného standardizovaného testu zjistili ¢asné vagdlni postizeni u pacientq,
které plvodné nebylo diferencovatelné robustnéjsi Ewingovou baterii testd, a
potvrdili tak zvySeni senzitivity vySetfeni ortostatickou manipulaci (Publikace ¢.
3.4.1 dle Seznamu komentovanych praci)

U skupiny pacientl s diabetem s rliznym stupném autonomnho postiZzeni jsme
ovérili dostatecnou reprodukovatelnosti/opakovatelnost vysetfeni HRV v ¢asové i
frekvenéni doméné v pribéhu dvou po sobé jdoucich méreni provedenych béhem
dvou dnu (Publikace ¢. 3.1.1 dle Seznamu komentovanych praci)

U pacientd s diabetem s rdznym stupném autonomni dysfunkce jsme zjistili po 12-
tydenni tréninkové intervenci na rotopedu statisticky vyznamné zlepSeni HRV
v obou hlavnich frekvenénich pasmech (bez nebo s pouze ¢asnou dysfunkci), ¢imz
jsme prokazali reverzibilitu postizeni. Zadné zmény nebyly zaznamenany u
pacientu s tézkou CAN. (Publikace ¢. 4.1.1 dle Seznamu komentovanych praci)

V kontrastu k témto ndlez(im, 13-hodinova restrikce stravy vedla k narlstu HRV u
pacientl s diabetem se vSemi stupni CAN, véetné i téch s pokrocilou autonomni
dysfunkci (p=0.02) (Publikace ¢. 4.2.1 dle Seznamu komentovanych praci)

U pacientl sdiabetem a hypertenzi jsme pouZili spektralni analyzu HRV ke
sledovani efektu nefarmakologické redukce krevniho tlaku pomoci zpomaleni
dechové frekvence biofeedback-systémem RespeRate. Pfi aplikaci 4xtydné vedla
tato metoda ke statisticky vyznamnému poklesu TK i u uspokojivé korigovanych
parametrl krevniho tlaku, jakoZz i vyznamnému narustu spektralniho vykonu v LF
pasmu HRV. (Publikace ¢. 4.4.1 dle Seznamu komentovanych praci)

Pfi retrospektivni bezpecnostni analyze vlivu série ¢&tyf 30-minutovych

radiofrekvencnich osSetfeni subkutanniho tuku u pacientd s metabolickym
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syndromem jsme sledovali dopad |éCby na kardiovaskularni autonomni regulace:
Prokazali jsme, Ze a¢ 20+14 minut ihned po ukonceni osSetfeni Ize detekovat
vyznamnou sympatoadrenergni reakci (vzestup spektralni energie LF a pokles HF
pasma), 39+18 dnl po poslednim oSetfeni nejsou detekovatelné zmény
v autonomnich regulacich. (Publikace ¢. 4.5.1 dle Seznamu komentovanych praci)
(8) Pri vyuziti analyzy HRV bé&hem spinalni stimulace u pacientli s chronickou ICHS
a refrakterni anginou pectoris jsme prokazali signifikantni vliv této intervence na
autonomni funkci — zvySeni spektralniho vykonu v oblasti parasympatiku. Tento
nalez podporuje hypotézu vysvétlujici klinicky prinos spinalni stimulace pozitivnim
ovlivnénim autonomni balance ve prospéch ochranného vlivu vagu. (Publikace ¢.
4.3.1 dle Seznamu komentovanych praci)
Zaveér
Stanovenych cilG bylo dosazeno a vysledky byly publikovany v recenzovanych
Casopisech, vétSinou s impact faktorem. Podrobnosti viz kapitola 8 této disertacni prace,
,Publika¢ni a védeckovyzkumnad ¢innost autora”. Nas vyzkum poskytl dostatecné podlozené
argumenty k podpore vyuZiti kratkodobé analyzy HRV v rutinni ambulantni praxi pfi
diagnostice a sledovani ucinku IéCebnych opatfeni u pacientld s metabolickym syndromem a
diabetem:
(1) Pri charakteristice diagnostické metody byly definovény teoretické zaklady HRV, nezbytné
technické vybaveni, priibéh, ¢asova narocnost a standardni podminky pro méreni. Spektralni
analyza HRV ma oproti Ewingové baterii reflexnich testd vyhodu v krats$i dobé a mensi
naroc¢nosti na kooperaci pacienta pti vysetfeni, vys$si senzitivité zvlasté pri detekci casné
dysfunkce, a umoznuje kvantifikovat vliv obou regulaénich podsystému
(2) V rutinni praxi byla frekvencni analyza HRV v rdmci predloZené prace ovérena v 9 studiich
u celkové 590 pacientl. Na podkladé nasich praci byla metodika rozsifena a zpresnéna, jak
uvedeno v publikacich. Tato metoda byla zavedena na cca 30 pracovistich v CZ a zahranici.
(3) Analyza HRV byla ptinosna pfi sledovani vlivu vytrvalostniho tréninku, periodického
lacnéni, fizeného poklesu TK zpomalenim dechové frekvence, efektu radiofrekvencni 1é¢by
podkozniho tuku, a efektu spindlni stimulace, kde pfispéla krozpoznani ptinosu i
potencidlnich rizik intervence. Zvlast vyhodna se metoda jevi pri kvantifikaci vlivu

parasympatiku a pfi dlouhodobém intraindividudlnim sledovani efektd Ié¢ebnych opatreni.
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SUMMARY
Introduction

Despite the fact that reduced heart rate variability (HRV) is a proven prognostic marker
in cardiology and diabetology, there is only a few scientific papers available dealing with non-
pharmacological interventions aiming for change/improvement of this autonomic
dysfunction.During the last two decades we successfully validated a diagnostic approach for
guantification of possibly positive impact of therapeutic interventions in patients with

autonomic dysfunction within diabetes and/or metabolic syndrome.

Aims
(1) To characterize clinical development of diagnostic method used for quantification of
autonomic dysfunction
(2) To validate these diagnostic tools for short-term time- and frequency-domain HRV
analysis in a routine practice
(3) To evaluate benefits of HRV analysis during observation of effects caused by non-

pharmacological therapeutic measures in patients with metabolic syndrome

Methods

Methods of short-term time- and frequency analyses of HRV as obtained during the
modified orthostatic load (Opavsky 1995) and/or battery of cardiovascular reflex tests by
Ewing (Ewing 1985) have been explored/used to reach these aims.

Further on, the following diagnostic or therapeutic methods have been used in
individual studies: diagnostic methods — ambulatory 24h blood pressure monitoring (ABPM),
echocardiography and other sonographical examinations, exercise spiroergometry, ECG, EEG,
blood sampling. The applied therapeutic methods included — in addition to standardized
pharmacological treatment — non-pharmacological measures, such as 12-weeks bicycle
ergometer training, spinal stimulation in CAD patients with refractory angina pectoris, 8-
weeks” guided breathing sessions using biofeedback device, or 4 treatments for non-contact
radiofrequency reduction of subcutaneous abdominal fat layers. Individual methods are

described in detail in respective papers.
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Results

We obt
(1)

(2)

(3)

(4)

(5)

(6)

(7)

ained following results:

In patients with diabetes and various degrees of autonomic impairment, while using
the Ewing battery of reflex tests as a gold-standard, we established normal values for
spectral analysis of short-term HRV as obtained during the modified orthostatic load.
(Publication No 3.2.1. as of Annotated bibliography)

In healthy volunteers and patients with diabetes, using the above mentioned
orthostatic load we discovered an early vagal impairment in patients, which originally
was not detectable by the more robust Ewing test battery. This finding confirms an
improved sensitivity of the test due to orthostatic manipulation. (Publication No 3.4.1
as of Annotated bibliography)

In patients with diabetes and various degrees of autonomic impairment, we verified a
satisfactory reproducibility/repeatability of HRV tests in time- and frequency-domains,
as examined with two successive measurements on two different days. (Publication
No 3.1.1 as of Annotated bibliography)

In patients with diabetes and various degrees of autonomic impairment, we observed
statistically significant improvement of HRV parameters in both main frequency bands
(no or early CAN patients) after 12-weeks bicycle ergometer training, which fact
demonstrated reversibility of the impairment. No change has been recorded in
patients with severe CAN (Publication No 4.1.1. as of Annotated bibliography)

In contrast to these findings, a 13-hour food restriction lead to increase of HRV in
patients with diabetes and all degrees of CAN, including those with developed
autonomic dysfunction (p=0.02). (Publication No 4.2.1 as of Annotated bibliography)

In patients with diabetes and hypertension we used the spectral analysis of HRV to
observe effects of non-pharmacological lowering of blood pressure via reduction of
respiration rate by means of biofeedback system RespeRate. When used 4x weekly,
this method lead to a statistically significant reduction of blood pressure even in
satisfactorily controlled patients, as well as to a significant increase of HRV spectral
power in LF frequency band. (Publication No 4.4.1. as of Annotated bibliography)

In a retrospective safety analysis of a series of four 30-min radiofrequency treatments

of subcutaneous fat in metabolic syndrome patients, we measured impact of the
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treatment on autonomic control: we have demonstrated that — despite the
sympathoadrenergic response (elevation of spectral energy of LF and reduction of HF
frequency bands) 20+14 minutes immediately after the treatment -- no changes in
autonomic control could be detected 39+18 days after the last treatment. (Publication
No 4.5.1 as of Annotated bibliography)

(8) By means of HRV analysis during the spinal stimulation in CAD patients with refractory
angina pectoris we demonstrated a significant influence of this intervention on the
autonomic function — the increase of spectral power in parasympathetic domain. This
finding supports the hypothesis explaining the clinical benefit of spinal stimulation by
positively influenced autonomic balance towards augmented vagal protection.

(Publication No 4.3.1 as of Annotated bibliography).

Conclusion

We reached the predefined goals and the results have been published in peer-
reviewed journals, mostly with impact factor. For more details, the chapter 8 of this
dissertation (“Publications and research activities of the author”) can be consulted. Our
research delivered satisfactorily supported arguments favouring usability of short-term HRV
analysis in routine outpatient practice for diagnostics and observation of therapeutic effects
in patients with metabolic syndrome and diabetes:

(1) While exploring this diagnostics method, theoretical fundaments, necessary
technical equipment, test protocol, time efforts as well as standardized test
conditions have been defined.

(2) The frequency analysis of HRV has been verified in a routine practice in 9 trials
with the total of 590 patients. Based on our results, the method has been
extended and improved, as described in the papers attached. This diagnostic
method has been introduced in 30 centres in CZ and abroad.

(3) The HRV analysis was useful for assessment of benefits or potential risk of
endurance training effects, effects of periodic food restriction, BP reduction via
device-guided breathing, effects of radiofrequency treatment of subcutaneous
abdominal fat layers and of effects of spinal stimulation. In particular, this HRV
method is beneficial in quantification of parasympathetic influence, as well as in

long-term intra-individual observations of effects of therapeutic measures.
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1. UvoD

1.1. Kratky (ale dtilezity) pohled do historie

Tato disertacni prace shrnuje vysledky mého vice nez 20-letého zajmu a odbornych aktivit
v oblasti ambulantni analyzy variability srdec¢ni frekvence (HRV) pfi metabolickém syndromu.

Problematika kardiovaskuldrni autonomni dysfunkce mne zaujala jiz v roce 1991, kdy jsem
se pfi pobytové stdZi na Lékarské univerzité ve Vidni u Prof. Dr. Ing. Herwiga Thomy a Prof. Dr.
med. Kingy Howorky zacal vénovat zavadéni klinické rutinni diagnostiky autonomni neuropatie.
Na tyto vstupni kroky pak navazala spoluprace s Prof. MUDr. Jaroslavem Opavskym a Doc. Ing.
Jifim Salingerem CSc, kterd vedla od roku 1993 k rozvoji technologie pivodné vyvinuté pod
vedenim obou jmenovanych autor( na Fakulté télesné kultury Univerzity Palackého v Olomouci.
Podil na tomto rozvoji mélo rovnéz i zaloZeni spolecnosti Sima Media Olomouc s.r.o. v roce 1993,
kterd zajistila ekonomické podminky, a ve spolupridci s obéma univerzitnimi pracovisti ddle
rozvijela klinicky vyuZitelny systém, pozd&ji zndmy pod nédzvy VariaPulse a VariaCardio. Usp&$na
soucinnost mezi uvedenymi subjekty pak vedla k rychlému rozsiteni ambulantni diagnostiky
kardiovaskularni autonomni dysfunkce: v Ceské a Slovenské republice jsme provedli nékolik
desitek instalaci na prednich odbornych pracovistich a spolupracovali na radé studii. Na
mezinarodni Urovni se nam tuto plvodem ceskou technologii podaftilo rozsifit do mnoha
Spi¢kovych univerzitnich center v Evropé, predevsim diky dlouhodobé spolupraci s Prof. Howorkou
z uvedeného videnského pracovisté, a diky radé odbornych publikaci a prezentaci (viz seznam).
Kolem roku 2000 pak byla navazana intenzivni spoluprace s partnery ve Velké Britdnii, z niz pak
vzesel rozvoj nové generace technologie HRV, dva podané evropské patenty, na nichz jsem se
spoluautorsky podilel, i prvni aplikace v USA a lizni Africe, a intenzivni spoluprace s vybranymi
univerzitnimi i farmaceutickymi partnery v Némecku. Ackoliv v dalSim béhu ¢asu mi diky osobnim,
pracovnim i zdravotnim zalezitostem jiZ nebylo mozné vénovat se pouze rozvoji HRV, zlstava pro
mne tato oblast mediciny celoZivotnim profesnim konickem a stdle zajimavym tématem, s jehoz
souvislostmi se setkdvam i v kazdodennim ambulantnim Zivoté nasi interni ambulance i pfi
raznych klinickych studiich.

V predlozeném komentovaném souhrnu zminuji nékteré milniky mé odborné Cinnosti v
oblasti HRV, zejména se zamérenim na aspekty reverzibility autonomni dysfunkce a
nefarmakologickd opatreni pfi |écbé metabolického syndromu, jimZ jsem se vénoval od r. 2006 po

dobu mého doktorského studia na Lékarské fakulté Univerzity Palackého v Olomouci.

18/172



1.2. K teorii variability srdecni frekvence

Jednou z nejzajimavéjSich metod, kterd si v poslednich dvou desetiletich Uspésné razi
cestu do rutinni praxe interni neinvazivni diagnostiky, je analyza variaci srde¢ni frekvence (v
anglosaské literatufe nejcastéji oznacovana jako ,heart rate variability”, zkratkou HRV). Jiz
v roce 1872 publikoval Darwin svou teorii 0 vzajemné interakci mezi srdcem a mozkem cestou
pneumo-gastrické (vagalni) inervace (Thayer 2009). Roku 1884 konstatoval Jackson, Ze srdecni
¢innost je tonicky inhibovana mozkovymi vzruchy, pfi€emz odstranéni této inhibice ,,umozni” -
- a nikoliv ,vyvolava“ -- zvyseni fyziologické aktivity srdce (Thayer 2009). Tyto dva postulaty
jsou dodnes platnymi tezemi teorie variability srdec¢ni frekvence.

Kardiovaskuldrni systém vykazuje prvky sebeorganizovanosti smérujici k udrzeni své
dynamické stability. Ta se udrZuje pfizplsobovanim srdecni frekvence, krevniho tlaku a
dalsimi mechanismy, které reaguji na fadu vnitfnich a zevnich vlivi jako jsou napt. vznik
ischemie, metabolickd dysbalance ¢i vyznamna fyzickd a/nebo psychickd zatéZz (Mathias
2013). V odpovédi na uvedenou situaci se srdecni frekvence zrychluje ¢i zpomaluje, méni se
tedy délka R-R intervalu. Tato fyziologickd adaptace srdecni frekvence patfi k typickym
znakdm autonomnich, integrativnich funkci Zivych organizm(. Mnozi autofi popisuji HRV jako
fenomén, ktery casné a velmi citlivé reaguje na prechod mezi zdravim a nemoci (Thayer
2012). Vysoka variabilita srde¢ni frekvence je indikatorem dobré adaptability systému, tedy
,zdravych” regulaci srdec¢nich funkci a potazmo ,zdravého” organismu. Naopak, snizena
variabilita byvd znamkou poruseni adaptability systému a méla by vést k detailnéjsi, cilené
diagnostice jeji pficiny (Dekker 2000). Z klinického pohledu je snizenda HRV je vnimana jako
indikator rizika spojeného s rozvojem fady chorob predevsim kardiovaskularni a/nebo

metabolické etiologie (Task Force 1996).

1.3. Klinicky vyznam vysetfeni/nalezu autonomni dysfunkce

Autonomni dysfunkce je nedilnou souédsti kardiovaskularnich komplikaci rady
chronickych onemocnéni. Excesivni sympatikotonie spolu s chybéjicim ochrannym vlivem
vagu je jednim ze spoustécich faktor(i malignich arytmii a pfic¢in ndhlé smrti nejen pti akutnim
koronarnim syndromu ale i fadé jinych, metabolickych onemocnéni s kardidlnim postizenim

(Metelka 2014). Kromé kardiovaskuldrniho efektu ma sympatikotonie vyznamnou korelaci
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s rozvojem inzulinorezistence a komponent metabolického syndromu vcetné diabetu 2. typu
(Pumprla 2014).

Odhaduje se, Ze tato kardiovaskularni autonomni neuropatie (CAN) se spolupodili na az
70% vsech umrti pacientd s diabetem, vzhledem k tomu, Ze jak pfi “tiché” formé infarktu
myokardu tak pfi nahlé smrti arytmogenni etiologie se rozhodujici vliv pfisuzuje pravé CAN
(Vinik 2003). Navzdory drivéjsSim predpokladim, Ze se autonomni dysfunkce manifestuje
teprve v pozdnich fazich diabetu a metabolického syndromu, existuje dnes fada publikaci,
které nachazi ¢asnou formu CAN jiz v prvnich letech existence onemocnéni (Ziegler 2001,
Vinik 2003, Viggiano 2009).

Jeden z hlavnich dlvodU pozdni diagnostiky této zavazné dysfunkce u metabolického
syndromu a diabetu byla nedostupnost ucinné metodiky a technologie k odhaleni tohoto
stavu v predchozich letech. Diky rozvoji vypocetnich technologii je dnes jiz moino i v bézné
rutinni praxi diagnostikovat (a ndsledné zahdjit |1écbu) pomérné jednoduse, rychle a neinva-
zivné, za vyuziti pocitacové analyzy variability srdec¢ni frekvence. Tato metoda se dnes rozsifila
hlavné v kardiologii a diabetologii, pficemz stovky odbornych publikaci dokazuji jeji vyuZziti i v
dalSich oborech mediciny (Task Force 1996, Pumprla 2014).

Spolu s ostatnimi rizikovymi faktory, sledovanymi pfi rozvoji metabolického syndromu,
je dlouhodoba neuspokojivda metabolicka/glykemickd kontrola zdsadnim faktorem
pfispivajicim k progresi postizeni autonomnich regulaci a k rozvoji neuropatie (DCCT 1993,
UKPDS 2000). Nicméné, recentni studie poukazuji na to, Ze inzulinova rezistence (IR) je
pravdépodobné jesté vyznamnéjsim rizikovym faktorem nez samotna hyperglykemie, pfi¢emz
oxidativni stres je kandidatnim mechanismem propojujicim neurohumoralni stimulaci
projevujici se excesivni sympatikotonii s IR (Vinik 2013).

Pfi diabetu -- dle definice Americké diabetologické spole¢nosti a podvyboru Toronto
Consensus Panelu o diabetické neuropatii -- je kardiovaskuldrni autonomni neuropatie
definovana jako postizeni autonomni kontroly kardiovaskuldrniho systému, po vylouceni
ostatnich pficin (Tesfaye 2010). Prevalence CAN se pohybuje mezi 2.5 az 50%, dle metodiky
vySetieni, véku (az 38% u pacienti s IDDM a az 44% u NIDDM), i trvani diabetu (az 35% u
IDDM a az 65% u NIDDM). Incipientni formu autonomni dysfunkce lze nalézt az u 7% nové
diagnostikovanych pacientd s diabetem (Vinik 2003). Vyjma uvedenych faktori je CAN

vyznamné Castéji sdruzena s polyneuropatii, retinopatii, mikroalbuminurii resp. diabetickou
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nefropatii a rendlnim selhanim (Vinik 2003, Valensi 2003, Low 2004, Boulton 2005).
Symptomaticka kardiovaskuldrni autonomni dysfunkce zahrnuje sinusovou tachykardii,
intoleranci zatéZe a ortostatickou hypotenzi (incidence 6-32% dle metodiky a studované
populace) (Spallone 2011). V souvislosti s CAN bylo zjisténo mnoho dalsich kardiovaskularnich
abnormit, napt. postprandidlni hypotenze, poskozend baroreflexni senzitivita, peroperacni
instabilita, a fada dalSich (Ziegler 1993, Boulton 2005).

CAN je rovnéZz vyznamné asociovana s mortalitou. Meta-analyza z 15 longitudinalnich
studii zahrnujicih 2900 pacientd sledovanych 1-16 let demonstrovala, Ze diagnoza CAN
zaloZena na aspon 2 patologickych reflexnich testech zvySovala relativni riziko mortality na
3.65 (2.66-4.47, Maser 2003). Tyto studie prokazaly, Ze CAN je nezavisly prediktor mortaility.
Obdobné, na zakladé metaanalyzy Wheelera et al s 12 zafazenymi studiemi je kromé HRV také
stanoveni QTc intervalu vhodnym nezdvislym prediktorem mortality a kardiovaskuldrniho
umrti (Wheeler 2002, Ziegler 2008). Obecné plati, ze ke stanoveni stratifikaéniho rizika arytmii
a nahlé smrti lze vyuZzit fady dalSich elektrofyziologickych aspekt( srdecni stability, s riznou
vypovédni schopnosti a senzitivitou/specificitou, napf. pozdnich potencial(, turbulence
srde¢niho rytmu, senzitivity baroreflexu, alternace viny T (T-wave alternans), délky intervalu
QT, variability intervalu QT, disperze intervalu QT a invazivniho elektrofyziologického vysetreni
(Heinc 2006). Nicméné, s ohledem na multifaktoridlni a casové zavislou etiologii letalnich
arytmii je nutno dodat, Ze selekce jednoho rizikového faktoru a jeho samostatné uziti
k predikci arytmogennich komplikaci ¢i nahlé smrti vidy predstavuje jen ¢ast problému. To
také vysvétluje, proc v prospektivnich studiich pfi rliznych patologickych stavech nebyl zadny
samostatny rizikovy faktor dostatecné senzitivni, a s dostatec¢nou pozitivni prediktivni
presnosti nebyl schopen identifikovat rizikovou skupinu nemocnych (Heinc, 2006).

Ve srovnani s komplexnosti nékterych vyse uvedenych diagnostickych postupl je nami
pouzivané kratkodobé stanoveni HRV na zakladé variaci R-R intervalll pomérné jednoduché
rutinni vySetfeni, které dostatecné senzitivné (a¢ nespecificky) a béhem kratkého,
standardizovaného a nezatézujiciho testu identifikuje a kvantifikuje i ¢asnou dysfunkci. To
umoziuje zahajit casna lécebnd opatfeni, kterda vinicidlni fazi postizeni poskytuji jesté
dostate¢nou pravdépodobnost reverzibility stavu, jak jsme prokazali v nékolika studiich

analyzovanych v této praci (Howorka 1997, 1998).
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1.4. Zaznam a analyza variability srdecni frekvence

Analyza HRV je zaloZena na vyhodnoceni fluktuace intervald mezi normalnimi, po sobé
nasledujicimi srde¢nimi stahy, nej¢astéji mezi vinami R. Diky vypocéetnim technologiim je dnes
rutinni analyza HRV jednou z mala metod umoZiujicich neinvazivné a rychle kvantifikovat
kardiovaskularni autonomni regulace, a v pfipadé vyuZiti tzv. spektralni dekompozice i

posoudit podil obou hlavnich slozek, sympatiku a parasympatiku, viz Obr.1.

Obr.: 1: Schematické zndzornéni ,filtraéni” a kontrolni funkce centrdalniho nervového systému ve
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U nds se v poslednich dvou desetiletich do klinické praxe rozsitily systémy VariaPulse a
VariaCardio, viz Obr.2, vyvojové pochazejici z olomoucké Univerzity Palackého (Opavsky 1995,
Salinger et al, 1995) a klinicky rozvijené ve spoluprdci s fadou univerzitnich center u nas i v
zahranic¢i, mj. s Lékarskou univerzitou ve Vidni, praiskym IKEMem nebo Jesseniovou
Univerzitou v Martiné (Pumprla 1995, Howorka 1997, Jirkovska 1999, Javorka 1999). Tento
meéfrici systém sestava z hrudniho snimace s elektrodami a vyhodnocovaci/vysilaci jednotkou,
prijimace a software na dedikovaném pocitaci. Prilbéh méreni je fizen pristrojovym software
a je minimdalné ndroc¢ny na spolupraci pacienta. Sledované parametry jsou online znazornény
béhem vysetfeni na obrazovce a lze tak sledovat okamzité zmény autonomnich regulaci v

souvislosti s napf. ortostatickou manipulaci nebo nékterym z testli Ewingovy baterie.
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Obr.2: Systém VariaCardio TF5 urleny k ambulantnimu vysetfeni kardiovaskuldrni autonomni
neuropatie: (a) celkovy pohled snima¢ EKG/vysilac ve formé hrudniho pdsu s dvéma elektrodami a
vyhodnocovaci a vysilaci jednotkou uprostfed, a prijimac s dvéma antenami zajistujicimi kvalitnéjsi
prijem signdlu, (b) pohled na predni sténu snimace/vysilace srdecni frekvence a EKG,

(a) (b)

A

VariaCardio

(c ) umisténi snimace/vysilace na hrudniku pfi méfeni HRV, (d) dobijeni akumuldtoru systému (Autor: J

Pumprla)

Podstatou frekvencni/spektralni analyzy je rozloZzeni nepravidelného pribéhu HRV na
pravidelné cykly=frekvence, reprezentujici procesy ovliviiujici jeji kolisani, viz Obr.3. Protoze
oba recipro¢né fFidici subsystémy, sympatikus a parasympatikus, ,pracuji“ s odliSnymi
frekvencemi (parasympatikus ,reaguje” rychleji, sympatikus pomaleji, zfejmé v souvislosti s
odliSnymi charakteristikami jejich neurotransmitterd), je mozné je matematicko-statisticky
rozlisit a nasledné kvantifikovat jejich tzv. ,spektralni vykon“ (spectral power). K tomuto

rozliSeni se obecné pouzivaji dvé procedury — rychla Fourierova transformace (FFT), umoz-
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Obr.3: Praktické provedeni méreni a
online analyzy variability  srdecni
frekvence: typické ndlezy. Horni a
prostiedni obrdzek: povrchové jedno-
svodové EKG s vysokou vzorkovaci

frekvenci 500Hz a individudlné snimané R-

R intervaly snimané se vzorkovaci frek-

90+

B0+ venci 1000Hz jsou telemetricky odesildny

;E do prijimace, kde se prevadi do vizudlni

50 podoby sloupcového grafu, viz prostiedni

401 80190 200 210 220 230 240 260 260 270 280 230 300 310 320 pulse obrdzek, kde jeden sloupek vidy
w_Online Spectrum P [=] 3 reprezentuje jeden srdeéni stah. Kfivka

WIND DWW, B4

proloZend vrcholy jednotlivych sloupkd

pribéhu srdecni frekvence -- tedy jeji

variabilita — muaZe byt ddle analyzovdna

—— Ay

jednak v tzv. ¢asové doméné — a jednak
sofistikovanéji, pomoci tzv. spektrdlni, frekvencni analyzy, v predefinovanych casovych analytickych
,0knech” (v tomto pripadé 300 sekund). Vysledné spektrum je zndzornéno v dolni ¢dsti obrdzku: zde
jsou ziejmé typické dva peaky obou regulacnich vétvi autonomniho nervového systému: vlevo peak
nizkofrekvencniho spektra s centroidni frekvenci kolem 0.1Hz s dominantnim vlivem sympatiku, a
vpravo peak vysokofrekvencniho spektra kolem 0.25Hz prisuzovany vylucné parasympatickému vlivu.

(Autor: J.Pumprla)

nujici vyhodnotit prlbéh HRV online (Salinger 1995), nebo autoregresni (AR) analyza
(Hartikainen 1998), kterou lze vyuZit pouze off-line po ukonceni zaznamu a je subjektivné
ovlivnitelna vybérem odpovidajiciho analytického modelu. Ackoliv obé tyto analyzy jsou
principialné ve svém differencidlné-diagnostickém ptinosu srovnatelné (Hartikainen 1998),

Ill

vlivem vyssi nejistoty pouzitého AR modelu (fazova zavislost, ,tail“ efekt, model order) v
analyze biologickych ¢asovych rad variability srdec¢ni frekvence se doporucuje preferencné

vyuzivat rychlou Fourierovu transformaci (Chemla 2005, viz Obr.4).
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Obr.4: Princip matematicko-statistického procesu tzv. rychlé Fourierovy transformace vyuZitého ve
spektrdlni analyze HRV: dekompozice nepravidelného prubéhu variaci srdecni frekvence (na obrdzku
dole) na pravidelné oscilace s typickymi frekvencemi viz jednotlivé priubéhy 0.25 Hz, 0.10 Hz a 0.01 Hz,

typicky reprezentujici high-, low- a very-low frekvencni pasma (Autor J.Pumprla)

Fourier Transform Principle

Pfi pohledu na ziskané frekvencni spektrum HRV se zobrazuje vliv sympatiku /s
¢astenym podilem parasympatiku/ v rozsahu frekvenci 0,04-0,15 Hz (tzv. nizkofrekvenéni
pasmo, LF), a zastoupeni parasympatiku v rozsahu 0,15 az 0,40 Hz (tzv. vysokofrekven¢ni
pasmo, HF). PAsmo velmi nizkych frekvenci 0,01-0,04 (VLF) Hz se povaZuje za indikator aktivity
termo- ¢i chemoreceptorl a systému renin-angiotenzin (Task Force 1996). Nicméné, v ramci
kratkodobych zdznam( je jejich podil na spektru — zvlasté pfi frekvenci pod 0.01 Hz —
diskutabilni, protoze tyto cykly maji svou vinovou délku pfi napft. 0.01 Hz az 100 sekund, tj. pfi
neumérné kratkych zaznamech pod 100 sekund muze dojit k falesné redukci dat potifebnych
k frekvencni analyze (Task Force 1996). Kromé absolutnich hodnot spektralniho vykonu
v jednotlivych pasmech se posuzuji i poméry, relativni zastoupeni jednotlivych komponent, a
klinicky prinosnéjsi se jevi kumulované parametry scitajici vykon jednotlivych frekvencnich
pasem v pribéhu celého vySetfeni, napi. provokace sympatiku i parasympatiku béhem
ortostatické manipulace (Howorka 1998). Celkovym vysledkem vySetfeni je typicky
dvojrozmérny graf zobrazujici spektralni energii obsazenou v predefinovaném c¢asovém

intervalu, nebo trojrozmérny spektrogram zobrazujici spektrum variaci srdecni frekvence v
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prabéhu vysetreni, viz Obr.5. Pfi vysetfeni systémy VariaPulse a VariaCardio se k provokaci
obou vétvi autonomnich regulaci vyuziva standardizovany ortostaticky pokus, kdy vySetfovana
osoba 5 minut lezi, 5 minut stoji a poté opét 5 minut lezi (Opavsky 1995). Cilem této
kombinace je provokace obou regulacnich vétvi -- sympatiku i parasympatiku — pfirozenym,
fyziologickym podnétem, a dale také standardizace testu. Na ptilozeném obrazku ¢.5 je
znazornén pribéh HRV béhem vysetieni modifikovanym ortostatickym pokusem: leh
s pfevahou parasympatiku (kolem 0.3 Hz), poté reciproc¢ni vzestup aktivity sympatiku (kolem
0.1 Hz) vestoje, a v posledni fazi pokles sympatikotonu a opétny vzestup parasympatikotonu

po opétné supinaci.

Obr. 5: Schematické zndzornéni vysledku kratkodobého vysetieni HRV za pouZiti modifikovaného

ortostatického pokusu: standardizované vysetreni leh-stoj- leh, kaZdd pozice 5 minut (Pumprla 2002)

00 /\ 01 I 02 {\_—\ 04
SYMP. PARASYMP.
(+PARASYMP.) |

Rozvoj ptipadné poruchy kardiovaskuldrnich autonomnich regulaci Ize pak posoudit
vizudlné i kvantitativné. V casné fazi autonomni regulacni dysfunkce dochazi predevsim k
redukci v oblasti parasympatiku, zatimco pfi rozvinutém postizeni dochazi k poklesu uz i v
oblasti nizkofrekvencni, tedy prevazného vlivu sympatiku (Ziegler 2001), viz nasledujici Obr.6

s rlznymi fazemi autonomni dysfunkce.
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Obr. 6: Typické ndlezy kratkodobé HRV registrované béhem modifikovaného ortostatického pokusu:
(a) normdlini reqgulace bez kardiovaskuldrni autonomni dysfunkce, se zachovalymi dominancemi
parasympatiku vleZe a sympatiku vestoje, (b) pocinajici dysfunkce (se sniZenym parasympatikotonem,
oblast 0.3 Hz), a (c) u pokrocild dysfunkce (redukce sympatiko- i parasympatikotonu, oblasti 0.1 i 0.3
Hz) (Pumprla 2002)
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Pribéh srdecni frekvence neni izolovanou veli¢inou, ale Uzce souvisi s regulacemi
krevniho tlaku, dychani a dalSimi faktory. Proto je vidy nutno interpretovat vysledky HRV v
souvislosti s celkovym klinickym stavem ¢i |éCbou. Pribéh vysetfeni je tfeba striktné
standardizovat a vyloudit externi stimuly, pricemz zfejmou roli mlzZe hrat frekvence a hloubka
dychani (Pumprla et al 2001). Pfi longitudindlnim, intraindividualnim sledovani pacienta se
vSak tento fenomen uplatrfiuje minimalné. Navic snaha o fizenou dechovou frekvenci béhem
vySetfeni HRV je de facto externi, organismu nepfirozeny stimul, ktery v kone¢ném nalezu
mUzZe vyznamné znehodnotit prirozeny nalez HRV u pacienta (Task Force 1996, Aysin 2007).

Jako u vétsiny biologickych funkci, je i zde vysledovatelny vliv fady faktord véetné véku:

s jeho narlstem prirozené klesa spektralni vykon. Z hlediska pripadné terapeutické intervence
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je mozné nalez ¢asného postizeni -- tedy nizsi spektralni vykon jen v oblasti parasympatiku —
efektivné ovlivnit jak nemedikamentozné, tak medikamentozné. PF¥i aplikaci vytrvalostniho
tréninku, kratkodobého lacnéni nebo tréninku v fizeném dychani jsme v nasich studiich nasli
statisticky vyznamné zlepSeni HRV zvlasté v oblasti vlivu parasympatiku (Howorka 1997,
2013). Medikamentozné Ize HRV ovlivnit typicky pomoci betablokatord, ACE, v metabolické
oblasti napft. pioglitazonem (Kobayashi 2010). Problematika nefarmakologickych intervenci je
podrobné diskutovana pozdéji.

Pro frekvenéni analyzu casové rady je bezpodminecné nutnd equidistantnost dat a
proto je tfeba odstranit/sofistikované nahradit pfipadné artefakty ziskané béhem zaznamu.
Tento fakt také vylucuje z analyzy pacienty napf. s fibrilaci sini nebo frekventni komorovou
extrasystolii (Task Force 1996).

Casové a na vysetiovaci instrumentarium naro¢néjsi jsou kardiovaskuldrni reflexni
testy analyzované v tzv. casové doméné (obvykle matematické prlimeéry, rozdily parametr(
pred-po a statistické kalkulace napf. disperze dat kolem priméru, geometrické metody apod.).
Jednou z nejcastéji uzivanych je skupina ¢tyr (resp. péti) kardiovaskularnich reflexnich test(
navrzenych Ewingem (Ewing 1980 a 1985), ktera zahrnuje test hlubokého dychani, Valsalv(v
manévr, ortostaticky test a hand-grip test. Typickymi sledovanymi parametry jsou zde rozdil
max-min srdecni frekvence, ¢i poméry hodnot srdecni frekvence v rliznych predefinovanych
okamzicich vysSetfeni. Ackoliv jsou tyto testy v praxi principidlné proveditelné, jejich
nevyhodou je jejich robustnost a nemoznost odhalit incipientni jemné zmény regulaci, resp.
kvantifikovat podil obou regulacnich subsystém(. Nicméné, Ewing byl jednim z prvnich
autord, prokazujicich vyznamnou prediktivni hodnotu nalezu autonomniho postizeni ve
vztahu ke zvySené mortalité (Ewing 1985). Na nasledujicich obrazcich 7, 8 a 9 je znazornén

prabéh praktického vysetireni pomoci baterie ¢tyr reflexnich testl dle Ewinga.
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Obr. 7: Test hlubokého dychdni — priibéh variaci srdecni frekvence v priibéhu ¢tyi hlubokych vdecht a
vydechd, s 1 cyklem trvajicim 10 sek., tj celkové 40 sek. Srovndni normdliniho ndlezu (horni radek, starsi
a novéjsi systém) s patologickym (dolni fadek, zde celkové zobrazeny 3 zdznamy, ndlez staciondrni pfi 3
ruznych mérenich). Hlavnim sledovanym parametrem je primérny rozdil maximdini a minimalini

srdecni frekvence dosaZené béhem testu, oznacovdno rovnéZ jako ,I-E“ (inspiration — exspiration)

diference, pripadné pomér I/E.
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Prodlouzeni doby vysetfeni na 24 hod. v ramci holterovského monitorovani muze
pfinést dalsi informace zvlasté z pasem tzv. velmi nizkych (0.01-0.04 Hz) ¢i ultranizkych (pod
0.01 Hz) frekvenci, které dle nékterych autor(i mohou dale zvysit vytéZznost testu vzhledem
ktomu, Ze se na celkové spektrdlni energii podili az z90%. Nicméné, pfi téchto
,dlouhodobych” testech obvykle nelze — na rozdil od vySe referovaného kratkodobého 15-

minutového ortostatického testu — standardizovat podminky vysetfeni, coz mulZe znacné
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Obr. 8: Valsalviiv test 15-sekundového usilovného vydechu proti odporu 40 mmHg. Hlavnim

sledovanym parametrem je tzv. Valsalva ratio, pomér srdecni frekvence na konci a zacdtku testu (fdze

Val).
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Obr. 9: Ortostaticky test: zde se sleduji dvé hlavni veli¢iny — pribéh srdecni frekvence a krevniho tlaku

— v pribéhu ortostatické manipulace. Hlavnimi sledovanymi parametry jsou Index 30:15 (délka

nejdelsiho R-R interval kolem 30. srdecniho uderu a nejkratsiho kolem 15. tuderu v pribéhu testu), resp.

R-R max/min, tedy pomér nejdelsiho a

nejkratsiho R-R intervalu v pribéhu celé manipulace. Krom

srdecni frekvence se jesté vyhodnocuje pokles krevniho tlaku po aktivnim postaveni, s patologickymi

hodnotami vice neZ 20 mmHg rozdilu.
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Tab. 1: Normadlni hodnoty testii Ewingovy baterie ve vztahu k véku: Je nutno zdiraznit, Ze
vysledky a pfipadnou patologii vSech test( je tfeba posuzovat striktné ve vztahu k véku

pacienta a vékové-relevantnim normdm (Ewing 1985 a Metelka 2014)

Index I-E I/E | RRmax / RRmin ratio 30:15
Vék20-29 | 20mint | >1.36 >1.28 >1.07
30-39 15 min? | >1.23 >1.20 >1.07
40-49 15mint | >1.14 >1.20 >1.03
50-59 12 min® | >1.10 >1.13 >1.03

ztizit jeho vypovédni hodnotu. Naptiklad Fujita et al zjistili pti holterovském 24h monitorovani
svych pacientl signifikantné rozdilné vysledky srdecni frekvence a spektralnich vykon( ve
vazbé na polohu téla ve spanku: poloha na pravém boku byla preferovdna pacienty se
srdecnim selhanim vice neZ vlevo ¢i na zadech (Fujita 2000). Navic se zda, Ze vysledky HRV
analyzy peclivé standardizovanych kratkodobych vySetfeni se zdsadné nelisi od analyz
provedenych na zakladé holterovského monitorovani (Sloan 1994). V populaéni studii zjistil
Sinnreich et al, Ze pétiminutové zdznamy po dvoumésicnim opakovani nevykazovaly
signifikantni odchylku pro ¢asovou ani frekvenéni analyzu (Sinnreich 1998). Migliaro et al pri
srovnani casové i frekvencéni analyzy 24h zdznam( a 10-minutovych standardizovanych
vySetfeni nalezl u diabetik( statisticky vyznamnou korelaci (r=0.70-0.85, p=0.003) obou
velicin.

Vedle vySe uvedené linearni analyzy se v literatufe uvadi také zajimavé vysledky
vyzkumu tzv. nelinearnich komponent HRV, kdy se posuzuje ,chaos” v regulacich srdecni
frekvence (Wu 2009) a rada dalSich parametr( (Tan 2009). Napft. Huikuri et al nalezl u skupiny
pacientl po akutnim infarktu myokardu se sniZzenou ejekéni frakci vyznamnéjsi predikci all-
cause umrti pomoci fraktalni analyzy nez ,klasickou” analyzou HRV v ¢asové nebo frekvencni
doméné (Huikuri 2000).

Kromé dnes jiz standardni moznosti zjednoduSené analyzy HRV u vétsiny systému k
holterovskému monitorovani EKG, existuje rada komercné dostupnych, dedikovanych systémi

uréenych k diagnostice autonomni dysfunkce v diabetologii a kardiologii, vyuZivajicich vyse

31/172



zminénou linearni ¢asovou a frekvencni kratkodobou analyzu. Jistou limitaci je pak fakt, Ze ne
vzdy jsou vysledky méreni ziskané jednotlivymi systémy zaménitelné, obvykle v dusledku
pouziti odliSnych zpracovani dat ¢i kalkula¢nich procedur. Typickym ptikladem aplikace ¢asové
analyzy s cilem komeréniho vyuziti ve smyslu telemedicinské podpory analyzy HRV byl systém
ANSCORE (Risk 2001). Systém umoznoval provedeni tfech testli z plvodni Ewingovy baterie a
komunikaci vysledkl se vzdalenym (remote) centrem. A¢ smysluplné verifikovan tricentrickou
studii u vice nez 200 pacientd (Risk 2001), nedosahl efektivniho rozsifeni a byl z trhu stadhnut.
Frekven¢ni/spektralni analyzu dnes nabizi fada vendord a neni predmétem této prace se
jednotlivostem vénovat. Obecné lze Fici, Ze navzdory pokrocilosti technologii a znalosti v
oblasti autonomnich dysfuknci, naddle existuji signifikantni rozdily ve vysledcich a
transferabilité metodiky mezi jednotlivymi vyrobci. Proto jsme vénovali pozornost fadné

validaci nami vyuzivaného systému, viz dale.

Obr. 10: Kaplan-Mayerovy krivky preZivani pacientt po akutnim IM se sniZenou ejekcni frakci, pro
parametry nelinedrni/fraktdini (vlevo nahofea a vpravo dole) a linedrni analyzy HRV (Huikuri 2000).
Nicméné, tyto metody vsak obvykle zustavaji diky své komplexnosti a svizelné reprodukovatelnosti

analytické metodiky omezeny na vyzkumnd pracovisté a v rutinni praxi se rozsifily minimdlné.
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1.5. Prehled aplikaci HRV v interni mediciné

Analyza HRV se vyuZiva v praxi od 60.let minulého stoleti, pficemzZ prvni zjednodusené
sledovani variaci srdecni frekvence bylo vyuzito v kardiotokografii (Hon 1965). Zanedlouho na
to se zacala HRV uplatrfiovat v kardiologii (Wolf 1978) a nasledné rychle rostl pocet aplikaci
v fadé dalSich oboru. K listopadu 2014 bylo publikovano a indexovano v databdazi PubMed

americké narodni Iékafské knihovny (www.pubmed.gov) celkem 11 772 praci na kli¢ova slova

,heart rate variability”.

Vroce 2002 jsme byli vyzvani skupinou kolem Dr Jima Nolana, ktera publikovala
vyznamnou studii UK-Heart prokazujici prognostickou hodnotu analyzy HRV u pacient(
s chronickym kardidlnim selhanim (Nolan 1998), k sestaveni prehledového ¢lanku k tématu
funkéniho, praktického vyuziti analyzy variability srdecni frekvence. Review jsme publikovali
v Casopise Int J Cardiology a k dneSnimu dni ¢lanek zaznamenal 160 citaci dle cita¢ni databaze
Scopus/Elsevier (viz 8.kapitola Publikacni a védeckovyzkumna cinnost autora). Podle této
citaéni databaze (Scopus/Elsevier) bylo 30 nasich praci k 1. 11. 2014 citovano celkem ve 450
publikacich. Celkovy pocet citaci je 502.

V dalsi ¢dsti této disertacni prace jsou k jednotlivym tématickym celkim (,Pfehledové
¢lanky”, ,Metodologické cile: Vyvoj a validace metodiky, stanoveni norem” a
»Klinické/aplikacni cile: Vyzkum reverzibility autonomni dysfunkce. Kvantifikace ucinkd
terapeutickych opatreni”) uvedeny in extenso nejvyznamnéjsi publikace -- viz Seznam

komentovanych praci autora. Soucasti kazdé publikace je podrobna diskuse.

1.5.1. Pumprla J, Howorka K, Groves D, Chester M, Nolan J: Functional assessment of heart
rate variability: Physiological basis and practical applications. International Journal of
Cardiology, 2002, 84 (1): 1-14.

IF: 1.9

(Origindlni publikace této prace in extenso zacina na ndsledujici strané)
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Abstract

The antonomic nervous system dynamically controls the response of the body to 2 range of external and internal stimuli, providing
physiolegical stability in the individual. With the progress of mformation techmology, it is now possible to explore the functioning of this
system reliably and non-imvasively uwsing comprehensive and functional amalysis of heart rate variability. This method is already an
established tool in cardiology research. and is increasingly being used for & range of clinical applications. This review describes the
theoretical basis and practcal applications for this emerging technique © 2002 Elsevier Science Ireland Ltd All rights reserved.

Erywords: Heart rate variability., Autonomic sysiem: Sympathetic; Pamsympathetic; B-F interval, Speciral analysis

1. Introducton

One of the most interesting non-invasive diagnostie
methods increasingly used in medicine is analysis of
heart rate vanability (HEV). Detailed and sophisti-
cated analysis of fluctpation in heart rate can be used
to indirectly assess aumtonomic control of the heart
[1-5]. Change in the HEV pattern provides an early
and sensitive indicator of compromised health [6—
10]. A high variability in heart rate is a sign of good
adaptability, implying a healthy individual with well
functioning autononde control mechanisms. Con-
versely, lower variability is often an indicator of

*Comesponding author. Tel: +43-1-20400-1903; fax: +43-1-30400-
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abnormal and msufficient adaptability of the au-
tonomic nervons system. implying the presence of a
physiclogical malfunction in the individual for which
further investigations are required to yield a specific
diagnosis. Simple analysis of variation in heart rate
has been uvsed in clinical practice since the early
19605, with reduced foetal HEV indicating that
clinically significant hypoxia may be developing [11].
In the late 1970s, a reduction in HEV was first
comrelated with increased mortality and arrhythoue
events in swrvivors of myocardial infaretion [12]
Meore recently. reduced HEWV has emerged as a strong
mndicator of risk related to adverse events in normal
subjects [7,13] and patients with a wide range of
diseases [14—19], reflecting the wital role the au-
tonomic nervous system plays in maintaining health.
The purpose of this review is to discuss physiclogical
and technical aspects of HEV analysis, along with an
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overview of the research and clinical applications of
the technigques.

1. Physiological background of HREV analysis

The cardiovascular system displays features typical
of self-organising systems designed to achieve dy-
namical stability [20]. In the case of the cardiovascu-
lar system, stability is achieved by avtoncmucally
mediated control of heart rate, blood pressure and
other factors which react rapidly to a range of internal
and external stimmuli such as acute ischaenua. meta-
belic imbalance and changes in physical or mental
activity. In particular, heart rate varies in a complex
reactive manner to these stimmli (which occur even in
resting individuals). The sims node is densely mner-
wvated by both autonomic divisions, and heart rate will
reflect thetr modulating effect on the nfrinsic finng
rate of its pacemaker cells. Parasympathetic activa-
tion slows heart rate. This effect is mediated by
synaptic release of acetylcholine, which possesses a
wery short latency period and high turnover rate. The
rapid response of this biclogical mechanism enables
the parasympathetic nervous system to regulate car-
diac function on a beat to beat basis. Sympathetic
activation results in an increase in heart rate and
conduction system velocity, together with an increase
in contractility. This is mediated by synaptic release
of noradrenaline which is reabsorbed and metabolized
relatively slowly. Changes in cardiovascular fanction
mediated by alterations in symxpathetic activity there-
fore have a slower time course. Becaunse of these
differences in neurotransmitter funection the two
subsystems of the autononuc nervouns system tend to
operate at different frequencies and vaniation in heart
rate related predominantly to changes in sympathetic
or parasympathetic activity can be identified and
quantified [21-23]. Althoush the interpretation of
this type of data requires some caption it does
provide the basis for non-invasive semi-cuantitative
assessment of antonemic activity [5.24].

In normal individuals eyelical changes in heart rate
occur in association with respiration [23]. This respi-
ratory related variation occurs at a high frequency
(typically arouvnd 0.25 Hz or 15 times per minute at
rest) and can be abolished by vagal blockade [26].
These two factors suggest that this particular type of
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high frequency cyclical HEV is parasvmpathetically
mediated. Cyclical variation ocowring in association
with changes in baroreceptor activity (due to fiuctua-
tion in blood pressure) can also be easily identified
[27]: This baroreceptor mediated variation occurs at a
lower frequency (typically 0.10 Hz or spx times per
nunute) and can be significantly modified by sympa-
thetic blockade [26,28]. There is also a close correla-
tion between this low frequency variation in heart
rate and direct measures of nmscle sympathetic nerve
activity [29]. These factors suggest that sympathetic
activity 15 an impeortant mediator of this low fre-
gquency cyclical HEV. Recently, studies have demon-
strated that wvagal blockade also produoces some
modification of this low frequency HEV, suggesting
that there is also a parasympathetic component to this
cyclical activity. Because of this dual modulation,
measwrement of low frequency cyclical HENV does not
provide a direct quantitative index of sympathetic
activity [26]. Sinmltanecus measurement of high and
low frequency HEV, however. can be used to investi-
gate changes in sympathovagal balance. Since the
two arms of the autonomic nervous system cperate in
a co-ordimated fashiom relative changes in the
amount of high and low frequency HEV provide a
semicguantitative index of the direction and magnitude
of reciprocal alteration in sympathovagal balance
(with a high frequency bias suggesting parasympa-
thetic dominance, and a low frequency bias sug-
gesting sympathetic dominance) [30,31].

Superimposed on this sympathetic and parasympa-
thetic mediated activity are very slow cyclical varia-
tions occwrring at a rate of one per minute or less
(equal to or less than 0.01 Hz). These have not been
well characterised, but are thought to be related to
changes in antonomic activity associated with thes-
moregulatory mechanisms [32], changes m peripheral
chemoreceptor activity [33,34] and/or fluctnations in
activity of the renin-angiotensin and parasympathetic
systems [35,36].

In addition to these cyclical variations, there are
frequent. sudden large beat to beat changes in B-F
intervals that are seperimposed om the cyclical
changes, and occwr throughout the day and night [1].
Sudden beat to beat changes in B-F interval, such as
those that occur in association with changes in
posture or mmscular exercise are abolished by at-
ropine but unaffected by beta-blockers. In animals,
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beat to beat variation in B—F. interval is abolished by
wvagal section. but retums with direct stinulation of
the sectioned vagos. Beat to beat vamation in B-R
interval 1s reduced or absent in subjects with para-
sympathetic neurepathy [37]. Thus the non-cyclical
beat to beat variation in B—R imterval that occurs
constantly in man is thought to be parasympathetical-
ly mediated. The spontanecus variation in efferent
cardiac parasympathetic activity that generates these
constant beat to beat changes is a normal physiologi-
cal response to afferemt inputs from the periphery.
higher centres, and other newrcendocrine systems.

Heart rate wariability is quantified by analysis of
wvariations of the intervals between consecutive nos-
mal heart beats. The usual definition of a heart beat
interval is the time between consecutive B wave
peaks. Advances in computer technology have al-
lowed sequential R-R intervals to be measured
accwrately and recorded in real time. After passing
through automated ectopic beat and artefact handling
procedures [38], sophisticated and fast methods of
analysis can then be applied to the data to determine
HEV measurements which reflect autonomic nervous
system activity. Typically, HREV can be measured
using add-on software i some standard ECG ma-
chines or by dedicated HRV analysers. Instantaneous
heart rate is displayed on a computer screen in the
form of a bar graph (known as a tachogram), where
each bar represents the heart rate associated with an
individual sequential B—F interval (Fiz. 1). A curve
passing through the peaks of these bars represents the
wvariation in heart rate. Usefol parameters which relate
to autonomic processes are determuned by forther
quantitative analysis of this curve.

1. Assessment of HREV by cardiovascular reflex
testing

Early technigues for analysis of antonomic activity
were based on evaluating heast rate changes evoked
by stimulation of cardiovascular reflexes. One of the
most widely used early sets for imvestigation of
cardiovascular reflexes was proposed by Ewmg et al.
The Ewing “battery” of tests includes measwrement of
heart rate changes induced by deep breathing Val-
salva-manceuwvre, orthostatic load and a hand-grip
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test [39]. The total Ewing score based on the results
of the above tests provides a semi-quantitative mea-
sure of the presence and magmimde of auntonemuc
dysfonction in an individual Mere complex reflex
tests nse filt tables [31]. suction chambers [40], or
pharmacological manipulation of blood pressure [41]
to stimmlate reflex changes in heart rate. All of these
reflex tests suffer from simdlar problems [1]. It is
difficult to standardise the stimmus used to evoke the
reflexes, with a resultant high degree of variability in
the range of results produced by the tests. Measure-
ments of reflex responses are made over a short time
period. and may produce atypical results solely due to
natural variation The stinmins used to evoke the
reflex may be responsible for temporanly changing
cardiovascular fonction (for example by inducing
myyocardial ischaenua) and this may significantly
mfluence the result of the test. Autonomic reflexes
studied in a physiclogy laboratory may not relate
directly to autcnomic function in an ambulant in-
dividual The problems associated with the use of
reflex testing stinmlated investigaters to develop
techniques for investigating autonomic function based
on meore detailed analysis of HEV

4. Time domain analysis of HRV

These methods use mathematically simple tech-
nigues to measure the amount of variability present in
a pre-specified time period in a continmouns electro-
cardiogram [1.21-23 42]. After editing to remove
non-sitms beats and artefact, the remaining normal to
normial B-F intervals are measured and subjected to
simple statistical analysis. The most commonly nsed
techmicue 15 to plot a listogram of B-F interval
duration against the oumber of BE—F intervals in a
24-h period and then to caleulate the standard devia-
tion of the frequency distnbution (SDNN index). An
alternative approach is to use a technique based on
geometric analysis of the 24-h R—R interval histo-
gram (S5t George’'s index or HEV index [16]). These
methods are closely related to the SDNN index. but
have the advantage of being less dependent on
accurate classification of individual beats, and there-
fore reduce the need for extensive editing of ambulat-
ory electrocardiograms. All of these mdices quantify
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Fig 1. Tachozram of heart rate (R-R imtervals) variability as obtained
during evahiation in a supine pesition. Each bar in the upper part of the
figure represents one heart beat. The main principle of spectral analysis of
HEV is a detection and guantification of harmonic, regularly ocomnring
components within the imepular course of heart mie. The HEV displayed
here shows predominant vagal influence as it physiolesically appears
during quiet, prome position (fast, regolar changes of heart rate)

the total amount of vanability present in a 24-h
recording. and are mfluenced by changes in both
sympathetic and parasympathetic activity, making
them non-specific measures of sympathovagal bal-
ance. They are useful clinical tools for detecting
abnormalities of autonomic activity (Fig. 2). but
cannot be wsed to quantify specific changes in
sympathetic or parasympathetic activity.

There are a mumber of techniques available to
measure beat to beat BE—F interval vanability, pro-
viding interchangeable measurements of parasympa-
thetic activity. One approach is to measure successive
beat to beat B—F interval differences. and caleulate
an index that expresses the distribution of these
differences such as the tMSSD index based on the
standard deviatton of successive differences. An
alternative technigque is to count the mumber of large
beat to beat changes that exceed a pre-set threshold in
a recording. If only beat to beat changes in excess of
50 ms are counted (sNN30 index). an index that
clearly separates normal individuals from those with
parasympathetic dysfunction iz obtained (Fig. 3).
These mdices provide sensitive and specific inter-
changeable time domain measurements of parasym-
pathetic activity, which are easy to measure in
clinical quality ambulatory electrocardiograms [42—
44].
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Fig 1. A 24-h F-F histogram in a normal subject (A) and a patient with
chromic heant failore (B). The standard deviation obf@ined fom plot A
will be considerably greater than in plot B, providing a mumerical index
that sigmifies the presence of mitonomir dysfuncden m the beart failire
patent.

5. Frequency domain analysis of HEV

It is difficult to obtain precise physiological data
about changes in antonomic fonction vsing relatively
unsophisticated time domain analysis of HEV. Be-
canse of this, imvestizators have invested considerable
time and effort in developing alternative technigues
to investigate cyclical changes in HEW Before this
type of analysis can be performed. extensive editing
and review of the electrocardiogram by an ex-
perienced operator is required to remove/edit non-
sins ectopic beats, pauses. tape artefact and non-
periodic B-F interval changes. Gaps in the B-R
mterval series associated with data deletion are
replaced by interpolating beats using a vanety of
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Fig 3. Measurement of sWN30 index in patemts with chromic heart
falhure. Solid lines represent 93% confidence mtervals for counts in
normal subjects. Measurements in more than half of the heart faihare
patients lie below the lower 95% confidence mterval and thus have
detectable parasympathetic mpairment

different algonthms [38]. The edited normal to
normal B—F interval series is then analysed using the
mathematical techmigues of fast Fourier transforma-
tion or avtoregression amalysis [43], and the amount
of cyclical vanation present at different frequencies
can be detected and ¢uantified [4]. This information
15 msuwally presented graphically by plothing the
amount of variation present in a recording on the
wertical axis against the frequency at which it ocours
on the honzontal axis. By measuring the area under
the curve at different frequencies (expressed as
spectral power) a mumerical measure of the amount of
high and low frequency cyelical variability present in
the recording iz obtained.

Early studies used strictly controlled laboratory
conditions to obtain short high quality R-F interval
recordings from which accurate frequency domain
measurements were used to explore autcnomic activi-
ty in animal studies [4]. Frequency domain analysis
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has also been applied to bmman 24-h ambulatory
electrocardiograms. Although the information ob-
tained has value i nsk stratification the large
amount of artefact, ectopy and non-stationary heart
rate behaviour that is present in these long-term
recordings renders amalysis diffienlt and poorly re-
producible [46]. More recently, advances in technolo-
gy have facilitated rapid on-line frequency domain
analysis of HEV during a modified orthostatic test
where the individual lies supine for 5 mun stands for
5 mun and lies supine again for another 5 min
[47—49]. The autonomic system responds to changes
i posture via blood pressure receptors in both the
Iungs and arterial system (as well as to barometric
receptors in the lungs). Hence thizs postural test
provides a method of evalvating the individual's
autonomic response to standardised changes m posi-
tion and the associated changes in blood pressure.
These short recordings, obtained during controlled
conditions, are relatively free of noise and artefact,
simplifying the analytical process. The result of this
examination protocol 1s displayed in the form of a
three-dimensional graph of frequency (v-axis) plotted
against time and spectral power. This type of analysis
generates an easily understood visual representation
of heart rate variations occurrng during the examina-
tion. Fig. 4 shows a clear predominance of para-
sympathetic (high frequency) activity dwing supine
positions and its reduction during standing where
mostly “sympathetic’ (low frequency) autonomic
activity predominates. In the early stages of au-
tonomic dysfunction parasympathetic activity is re-
duced. In severe autonomic dysfunction activity in
both subsystems (high and low frequency bands)
reduces by a oumber of magnitudes (Fig. 5a—c). In
addition to the visual representation, normal ranges
for high and low frequency activity (spectral power)
during the three periods of the orthostatic test hawve
been established to allow the rapid identification of
aptonomic dysfunction [47]. This type of rapid on-
line analysis facilitates the clinical application of
frequency domain technigues while meeting technical
and clinical prerequisites for meaningfil power spec-
tral analysis of heart rate variability (sufficient length
of signal (at least ten times the wavelength of the
lowest frequency compenent), stationarity of data in
each position duee to controlled examvination con-
ditions. relative ease of test performance including
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Fig 4 Typical pattern of shomt-term spectral apalysis of HEW record as obtained during a medified orthosfatic load (sndardised assessment by
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artefact processing due to restricted duration of
recordings and minismun dependence on the co-ope-
ration of the subject) [3.26.45]

6. Comparison of time and frequency domain
technigues for analysis of HREV

Some time and frequency deomain HEV measure-
ments are closely related [42]. Indices that measure
beat to beat parasyvmpathetically mediated HEV
(FMSSD, sNN50 and high frequency power] and
measures of the total amount of vanability present in
a long-term recording, such as SDNN and total
spectral power, are strongly comelated. These time
and frequency domain indices can therefore be used
interchangeably. The HEV technique chosen for a
particular study will depend on a wvariety of different
factors. Frequency domain technigues facilitate a
more precise evaluation of the direction and mag-
pitude of changes in sympathovagal balance than is
possible with time domain analysis. Accurate assess-
ment of avtonemie activity by frequency domain
techmicues require that heart rate data are free of
artifact and obey strict mathematical criteria, con-
ditions that can only be reliably obtained when
subjects are studied under controlled conditions [50].
Since time domain techniques do not have such striet

requirements_ they are easter to apply to the study of
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clinical cuality ambulatory electrocardiograms. A
potential limitation of tests based on 24-h recordings
is that it is not possible to standardise the conditions
for the examination This may be of particular
importance, since tecent studies indicate that physical
activity is a major contributor to the lowest frequency
compenents of HEV [45.46.51]. Despite this, these
techmicues are highly reproducible in a varety of
different climical situations [32]. Although 24-h am-
bulatory electrocardiograms are commenly used for
HEV stndies, the optimal time period required to
obtain usefinl data has not been determuned. with
some investigators reporting that clinically wseful
information can be obtained from recordings as short
as 5 min [33,54]. Meoreover, short, 2—15-min samples
are excellent predictors of mortality and are cosre-
lated with prognostically imposrtant data from sus-
tained recording periods [55]. This suggests that
frequency domamn measurements obtained from short
recordings (particularly when conditions are stan-
dardised by using the modified orthostatic protocol).
may prove to be useful without requiring a long-term
electrocardiogram [47.36].

7. New analytical technigues

In the last decade a series of complex techmiques
have been developed to provide additional infor-
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Fig 5. Typical findings of short-term spectral analysis of HRV as obtained duning a modified orthostatic load (compare with Fig. 4) in patients (a) without
cardiovascular autonomic dysfunction, (b) with early stage and (c) with severe stage of cardiovascular autonomic dysfunction Note a typically depressed
HRV within the high frequency band, preserved autonomic contol m low frequency band in the eariy dysfunction and reduction of HRV throughout the
whole spectrum with only a minimum reaction to orthostatic manipulation in severe dysfunction.

mation over and above that available from standard
time and frequency domain analysis of HRV. Inves-
tigators have recently reported on new time domain
techniques that provide some information on sympa-
thetic activity [57-59]. The techniques of peak —
through analysis, complex demodulation and accele-
ration—deceleration oscillation analysis, are closely
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related and based on similar principles. Post ectopic
turbulence analysis may prove useful as a non-inva-
sive index of cardiovascular reflex integrity [60].
Analysis of beat to beat QT interval variability may
emerge as a useful quantitative index of sympathetic
activity if reliable methods of correcting for changes
in heart rate can be developed [61]. The use of
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non-linear dynamics or chaos analysis for evaluation
of autcnomic control processes has also been investi-
gated in nommal subjects and patients with car-
diovascular disease [62—64] The techniques can be
applied to clinical quality ambulatory electrocar-
diograms, but they are mathematically complicated
and have yet to be extensively validated or applied to
clinical investigations. Further research and more
consistent evidence based on larger studies is needed
before these techmigques can be incorporated into
routine practice.

8. Practical applicatons of HRV analysis

In the last two decades, analysis of HEW has been
extensively applied to the investigation of normal
physiclogy. Prior to the HEV era, investigation of
autonomic physiology required the use of complex
highly invasive techmicues in amimal models or
imprecise reflex based tests in humans. The use of
HEV analysis has provided a simple reproducible
method of non-invasive autonomic assessment. This
has helped to clarify the role of the awtonomic
nervons system in regulating the cardiovascular re-
sponse to changes in posture (parasympathetic domi-
nance when supine sympathetic dominance when
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standing), stress (sympathetic dominance) and exer-
tion (sympathetic domunance) [4]. The role of the
autonomic nervous system in regulating cardiovascu-
lar circadian rhythms has also been evaluated. with
HEV studies demonstrating sympathetic dominance
in the morning, but parasympathetic dominance at
night [65]. This early morming increase in symipa-
thetic tone may be a trigger for the cascade of
pathophysiological changes underlying the increase in
acute cardiac events during the first few hours of the
morning [66] and can be slowed down in angina
patients by metoprolol [67]. Intersstingly, a rapid
spontaneous vagal withdrawal in the moming seems
to be a sign of a healthy autonomic control [67]. The
physiclogy of normal ageing can also be explored,
with a progressive decline m sympathetic and para-
sympathetic activity occumring in asseciation with
increasing age. Measurement of HREV may be of
prognostic value even in individuals who are free of
overt clinical disease, with low wvaloes identifying
those at increased risk of premature cardiac disease
[13]

Measurements of HEV have been nsed to assess
autonomic function in a variety of non-cardiac dis-
eases. Diabetes mellitus is commonly associated with
autonomic nevropathy, with the degree of dysfunc-
tion related to the severity and duration of the disease
[39.68,69]. Measurement of HEV is superior to reflex



J. Pumpria et ai. | International Jouwrnal of Cardiology 84 (2002) 1-14 Q

testing for the detection of awtonomic newropathy
[65]. Diabetic patients with detectable autonomic
newropathy have a substantially increased nsk of
premature death [14.19]. Reduced HEV in a type 1
diabetic subject is an early sign of systemic diabetic
complications [70]. In type 2 diabetes with autonomie
neurcpathy, an additional risk related also to other
aspects of metabolic syndrome accounts for up to
four-fold risk of cardiovascular death when compared
with non-diabetic individuals [71].

More than half of all patients with end stage renal
disease have detectable autonomic newropathy, which
may be aetiologically linked to the buildwup of
metabolic waste products [72,73]. Metabolic derange-
ment in chronie liver disease and/or hypoxia in
chromic respiratory disease can also induce autonomic
abnormalities leading to reduced HEWV [74.75]. It 15
not swprising that disorders of the central and
peripheral nervouns system are also associated with
autonomuc dysfunction leading to abnormalities of
HEN [76]. Also, abnormal auntonomic fonction tests
are commoen in some other systemic diseases, such as
in HIV mfected individuals. It has been shown that it
may be attributed to severe global autonomic
dysfunction which is not related to heart disease [77].
A progressive reduction in HEV occurs in patients on
intensive therapy units who develop brain death. This
phenomenon may help to identify candidates for
organ domation [78]. In digbetes, renal hepatic and
newrological disease, improvement in metabelic or
newrological function 1s commeonly associated with a
return to a normal HEV pattern [50.79.80]. A similar
effect was seen affer physical training in individuals
with autonomic dysfunction [51.82]. Analysis of
HEV may also have a clinical role in occupational
health, for example when exploring elevated car-
diovascular risk in shift workers [83] or in evalvation
of associations between ambient pollution levels and
cardiovascular finction [24].

Autonomic dysfunction plays an important role in
the pathophysiology of ischaemic heart disease Al-
though patients with uncomplicated ischaemic heart
disease have munimal [83] or undetectable autonomie
abnormalities [86], acute myocardial infarction is
associated with adverse changes in autonomic activi-
ty. which can be easily detected and quantified by
measurng different components of HEV [27]. The
degree of autcnomic dysfunction depends on the site
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and size of the infarct and can be favourably modified
by dmgs such as streptclinase [28]. Patients who
have marked autonomic dysfunction leading to re-
duced time or frequency domain measurements of
HEV are at increased risk of premature death [15.89]
Decreased HEV was reported to be more sensitive
and specific as a predictor of mortality than conven-
tional risk factors, such as a low ventricular ejection
fraction, abnormal exercise test, adverse climical
grading score or the presence of ventricular arrhyth-
mias on ambulatory electrocardiograms [42].

Patients with chronic heart failure (CHF) also have
evidence of antonemic dysfunction, with the maximal
derangement ocowring in patients with severse left
wventricular dysfonction [90]. The reduced HEV seen
in CHF relates to the ocowrrence of significant
compensatory newroendocrine  dysfunction, which
will predispose patients to myocardial electrical
instability or promote the development of progressive
heart failire due to deleterious changes in cardiac
loading conditions. Fecently published data from the
United Kingdom Heart Failure Evaluation and As-
sessment of Risk Trial (UK HEART) confirms that
reduced HEV is a significant independent predictor of
death in CHF in a large prospective study powered
for mortality [18]. These promising results mdicate
that reduced HEV may be more sensitive and specific
in CHF than in post-MI patients, suggesting a more
important clinical role for HEV analysis in the heart
fatlure population. Cardiowvascular deconditioning
mcluding autenomic dysfunction as found in patients
with developed cardiac disease such as CHF can be
improved with physiological measures like regular
exercize training [91] that can alse be effectively
performed under home-based conditions [92].

Patients with hypertension have detectable changes
in HEV, reflecting adverse autonomic medification
that may play an important role in the pathophysiol-
ogy of the disease [93,94]. Essential hypertension is
associated with an increase in sympathetic actovity
and abnermalities of awtenomic cireadian rhythm
Control of hypertension is associated with an increase
in HEW and an associated reduction in cardiovascular
morbidity and mortality [95].

Transplanted hearts show detectable HREV despite
iatrogenic denervation, which may be due to indirect
effects dependent on the Starling mechanism or
waniation in circulating catecholamine lewvels [96].
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Additionally. it is apparent that HEV can increase
with time in some long-term transplant survivers,
indicating that reinervation has occurred [97 98]
Some studies also suggest that episodes of rejection
are associated with vanation i HEW which could
therefore be nseful as a guide to the need for cardiac
biopsy [99].

The relationship between reduced HEV and prog-
nosis in patients with cardiovascular disease may in
part be related to the role of the autonomic nervous
system in regulating myocardial electrical stability.
Sympathetic activation favours the onset of life-
threatening  ventricular tachyamhythmias, whereas
parasympathetic activation exerts a protective and
antifibrillatory effect. and abnormalities of HEWV
reflecting adverse changes in antononuc activity have
been demonstrated immediately prior to the onset of
ventricular tachvarchythmias [100]. Patients who
survive cardiac arrest are at increased risk of further
arthythmic events if they have reduced HEV, sug-
gesting that autonomic dysfunction plays a clinically
important role i the pathogenesis of ventricular
tachyvarrhythmias. Awvtomomic changes may play a
role in the pathogenesis of atrial fibrillation Vagal
stinmlation decreases the atrial refractory period,
facilitating the development of re-entrant wavelets
[101]. The haemodynamic and structural changes
associated with cardiac disease result in adrenergic
stimmlation. which predisposes to electrical instability
by sherteming action potential duration, and increas-
ing automaticity and triggered activity. Recently, a
mumber of studies wvhilised HEV analysis to assess
autonomic medulation prior to the onset or early
recurence of paroxysmal atrial fibrillation in patients
with and without structural heart disease [102]. An
increase in vagal tone was seen in patients with
idicpathic paroxysmal atrial fibrillation, whereas in
patients with structural heart disease. an increase in
sympathetic activity was observed [101,103]. Poten-
tially. these changes in antonomme activity prior to the
onset of parcxysmal atrial fibrillation can help in
muiding antiarrhythmie therapy. For instance, patients
with vagally induced atrial fibrillation may benefit
from antiarchythmic dmgs with mherent vagolytic
activity (e.g. disopyranude or quinidine), whereas
patients with adrenergically induced atrial fibrillation
may benefit from agents with beta-blocker activity
(e.z. atenolol. sotalol and amiodarone) Reduced
gquality of life in patients with paroxysmal atrial
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fibrillation correlates with depressed vagal fonction,
which may be of value for risk assessment or for
consideration of treatment strategies in these subjects
[104].

The potential value of nsk stratification in patients
with cardicvascular disease using HEWV analysis les
in identifying a subgroup of patients at high risk of
premature death, who can then be selectively targeted
for mtervention The use of a combination of reduced
HEV, QT dispersion. late potential and ventricular
arrhrythmia analysis may help increase the sensitivity
and specificity of non-imvasive electrophysiclogical
risk stratification [105-108]. A high-risk subgroup
identified in this way could be targeted with interven-
tions aimed at reducing the risk of death, such as
cardioverter-defibrillator implantation, or allocation
to additional dmg therapy. A further unexplored
therapeutic avemue is the use of agents that modulate
autonomic activity. Digs that decrease HEV have an
adverse effect on prognosis in patients with cardiac
disease [109]. Apgents that increase heart rate wvari-
ability, such as angiotensin converting enzyme in-
hibitors and beta-blockers. reduce death rates in high-
risk populations [110.111]. Becently, agents such as
scopolamine or related compounds, have been evalu-
ated and shown to improve sympathovagal balance,
with a consequent improvement in myocardial electri-
cal stability [112]. As vet, no prospective randomised
clinical trials have evaluated these interventional
strategies in high-nisk populations identified by the
techniques discussed above.

9. Conclusions

The autonomic nervous system plays a major role
in normal physiclogical function and in the patho-
genesis of many medical disorders. Measuwrement of
HEV provides an easily applied non-invasive method
of assessing autonomuc function. Time domain tech-
nigues are mathematically simple and easy to apply
to climical gquality ambulatory electrocardiograms.
Frequency domamn technigques are more complex and
techmically demanding. but provide more physiologi-
cal information Recent advances in computing hold
out the possibility of fully automated signal process-
ing which will facilitate rapid. reliable and reproduc-
ible HEV analysis with pumimal operator imput
mcreasing clinical accessibility. In 1996 a Task Force
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of the Ewropean Society of Cardiology and the North
American Society of Pacing and Electrophysiology
published guidelines for the measurement of HEWV
which have helped to standardise the application and
interpretation of the technigues [5]. Analysis of HEWV
was first nsed in clinical practice almost 40 years ago.
The last two decades have seen increasing explora-
tion of the potential clinical value of HEV analysis,
particularly in patients with cardiac disease and
diabetes mellitus. Now that HEV analysis equipment
iz available in most cardiac departments, the next two
decades may see HEV technigues move infto routine
clinical use, particularly for nisk stratification of
cardiac and digbetic patients or in the follow-up of
patients after therapeutic intervention
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1.6. Metabolicky syndrom a autonomni dysfunkce

Metabolicky syndrom sdruzuje soubor chronickych faktor( lipidového a nelipidového
charakteru a metabolického pulvodu, které jsou asociovany s inzulinorezistenci, a které ve
svém vyvoji vedou k rozvoji diabetu 2.typu a kardiovaskuldrniho postizeni (Reaven 1988,
Isomaa 2001, Lakka 2002). Za spole¢ného jmenovatele se povazuje inzulinorezistence, ktera
je definovana jako snizena citlivost tkani (jatra, svalova tkan) a schopnosti vyuzivat inzulin ke
zpracovani glukozy. V dalSim rozvoji syndromu dochazi k hyperinzulinemii majici za nasledek
progresi dyslipidemie, obezity a rozvoj diabetu 2.typu.

Existuje rada dlkazl, Ze excesivni sympatikotonie hraje vyznamnou patogenetickou
roli v rozvoji metabolického syndromu. Neuroadrenergni vlivy reprezentuji klicové regulacni
mechanismy, majici vliv jak na procesy a funkce kardiovaskuldrni tak i metabolické (krevni
tlak, homeostaza glukozy, koncentrace inzulinu a inzulinorezistence, spotfeba energie).
VétsSina komponentd metabolického syndromu jako je viscerdlni obezita, hypertenze a
inzulinorezistence, je spojovana se sympatikotonnim vlivem, viz Obr. 11 (Reaven 1996, Fliers

2003, Grassi 2006).

Obr. 11: Potencidlni faktory spojené s patogenezou metabollického syndromu (Grassi 2006)
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V této souvislosti je potfeba zminit, Ze autonomni abnormality Ize nalézt i u téch

pacientl s metabollickym syndromem, ktefi netrpi hypertenzi. Tento fakt poukazuje na to, ze
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nadmérnd sympatikotonie je hlavni charakteristikou metabolického syndromu, nezavisle na
vysi krevniho tlaku, a Ze je jakousi ,vnitfni vlastnosti” tohoto syndromu. Navic, sympatikotonii
Ize nalézt v celém vékovém spektru populace, véetné starsi generace.

Diabetes mellitus 2.typu (DM2) je typickou komponentou metabolického syndromu.
Je to chronické, heterogenni, progredujici onemocnéni, charakterizované hyperglykemii,
postihujici u nds v soucasné dobé vice nez % milionu obyvatel, ve svété pak na 200 milionu
lidi. Dle odhadll napf WHO, Ize pocitat se zdvojnasobenim téchto Cisel béhem pftistich 25 let.
Jak zdravotni nasledky u kazdého individualniho pacienta, které zkracuji jeho Zivotni vyhlidky
a zhorsuji kvalitu Zivota, tak dopady nasledkt chronickych komplikaci diabetu na spole¢nost a
ekonomiku, jsou zdvainé. Diabetes mellitus patfi do obrazu metabolického syndromu,
spole¢né s dalsimi klinicky zdvaznymi odchylkami jako jsou hypertenze, dyslipidemie a
centrdlni obezita, které podstatné prispivaji ke zvySeni morbidity a mortality, pfedevsim na
kardiovaskularni komplikace. Naklady na lécbu diabetu u nas presahuji 20 miliard K¢ roc¢né,
pfiéemZ prevazujici hrazenou diagnozou jsou jeho pozdni komplikace. Dle studie CODE2
(Massi-Benedetti 2002) je v 8 evropskych zemich ro¢né vyddvano na |écbu pacienta s
diabetem bez pozdnich komplikaci pramérné 1500 €, s pozdnimi komplikacemi pak 5400 €.
Jednim z hlavnich dlvodl neutéseného stavu vyvoje chronickych komplikaci diabetu je fakt,
Ze ve chvili nové diagnostikovaného diabetu typu 2 lze zjistit aZ ve 40% pacientu jiz rozvinutou
makroangiopatii, az u 40% nefropatii a/nebo neuropatii, u 15% retinopatii, 50%
hypertriacylglycerolemii nebo v 50% hypertenzi. Tato skutecnost znamend, Ze jiz ve fazi
prediabetu, porusené glukozové tolerance, dochazi k poskozovani tkani a orgdnli — véetné
rozvoje autonomni neuropatie, jak jsme sami sledovali (Howorka 2010) — negativnim vlivem
ostatnich aspektli metabolického syndromu. Pravé od tohoto faktu by se také méla odvijet
Casnd lécebna strategie pacienta s diabetem a metabolickym syndromem. Optimalnim a
doporucovanym feSenim je zahjjit Ié¢bu nemedikamentoznimi opatfenimi.

Vysoka prevalence metabolického syndromu (viz Obr. 12) a obezity souvisi mj. fyzickou
inaktivitou a sedavym zplsobem Zivota. V souvislosti s autonomni dysfunkci sledovanou u
metabolického syndromu byl v ramci populacni studie prokdzan vzestup rizika mortality pfi
poklesu fluktuaci srdec¢ni frekvence. Zde je pficina zfejmé multifaktoridlni, jak v poruseném
fizeni srde¢ni ¢innosti v rdmci neuropatie, tak i v poskozeni cilového orgdnu napf. vlivem

dlouhodobé nekontrolované hypertenze (Liao 1998). Jedna z nejvétSich studii zalozena
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Obr. 12: Prevalence metabolického syndromu pri pouZiti definice ATPIII (Eckel et al, 2005)
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na vstupnich datech studie DECODE (DECODE 1998), demonstrovala pfi prospektivnim
sledovani populace s metabolickym syndromem 1.4x narUst vieobecné mortality a dokonce
vice ne 2x ndrlst kardiovaskuldrni mortality, a to pro obé pohlavi. Vysledky sledovani jsou
nicméné obdobné napr. se studii Kuopio ischemic Heart Disease (Lakka 2002) nebo ARIC
(McNeill 2005), kde byla sledovdana obdobna incidence chronické ICHS a mrtvic u obou
pohlavi. Zajimavym je i nalez korelace mezi vzestupem koncentrace lipidi v krvi a poklesem
HRV (Christensen 1999). Odpovidd tak shora uvedenému pojeti HRV jako jednoho z
nezdvislych indikator( kardiovaskularniho rizika.

Dysfunkce v autonomnich regulacich s vyznamnou sympatikotonii a poruchou
baroreflexu jsou typickym ndalezem u obéznich pacientli s metabolickym syndromem
(Straznicky 2012). V\yznamna korelace byla nalezena mezi mnozstvim visceralniho tuku a
zvySenou aktivitou sympatiku (Beske 2002). Redukce nadvahy koreluje s normalizaci
autonomniho tonu, zvlasté pak se zvysenim ,ochranného” vlivu parasympatiku (Karason
1999). U neobéznich jedincl je porusena HRV s vyznamnou dominanci sympatiku povazovana
za rizikovy faktor prirlistku vahy a rozvoje obezity (Davy 2009). ZvySend sympatikotonie
Casové predchazi rozvoji inzulinorezistence a rozvoji diabetu 2.typu (Straznicky 2012). Mirné

prejidani vedlo u zdravych neobeznich dobrovolnikd k nartstu vahy spojenému s relativnim
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narlstem sympatikotonie (Gentile 2007). U obéznich jedincl je sympatikotonni odpovéd po
poZiti sacharidové stravy nebo chladové provokaci nizsi nez u neobéznich jedinct (Matsumoto
2001). Ve srovnani skupin Zen s rozdilnym BMI byl spektralni vykon v pasmu VLF-- jako index
termoregulace a vasomotoriky--snizen u skupiny s prilmérnym BMI=23 ve srovnani s nizsim
BMI=19. Pfiklad nalezu vyznamné sympatikotonie v rutinni praxi u pacienta s metabolickym

syndromem je prezentovan na Obr. 13.

Obr.13: Typicky priklad dominance nizkofrekvencniho spektra kolem 0.08 Hz, tedy prevahou
sympatikotonie /modré-tmavé sloupce/, u pacienta s nedostate¢né kontrolovanou hypertenzi pri
metabolickém syndromu. Standardni modifikovany ortostaticky test, leh-stoj-leh (vlastni sledovani

J.Pumprla, 2001)
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V radmci populacéni studie ARIC byl u pacientll s metabolickym syndromem rovnéz
prokdzan vzestup rizika celkové mortality pfi poklesu HRV. Zde je pri¢ina zifejmé
multifaktorialni, jak v poruseném fizeni srdec¢ni ¢innosti v rdmci neuropatie, tak i v poskozeni
cilového organu napt. vlivem dlouhodobé nekontrolované hypertenze (Liao 1998). Rovnéz
nalez snizené HRV u obéznich pacientll s esenciadlni hypertenzi a syndromem spankové
apnoe--ziejmé jako dlsledek dlouhodobé excesivni sympatikotonie--mlze byt soucasti

nasledujici diagnosticko-terapeutické rozvahy (Salo 2000).
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PFi redukci vahu dochazi ke zlepSeni odpovédi v VLF a LF komponentech spektra HRV
(deJonge 2010), zvlasté pak ke zvySeni ,ochranného” vlivu parasympatiku a senzitivity
kardiovagalniho baroreflexu (Alvarez 2005). Obézni subjekty s nizkou vstupni sympatickou
aktivitou vsak dosahly v 12-tydennim redukénim programu mensiho dbytku vahy nez ti
s vyS$Sim vstupnim sympatikotonem (Straznicky 2012).

VSechny tyto nalezy mohou pfispivat k definici adekvatnich, HRV-podporovanych,
diferencovanych terapeutickych postupl pfi moderni [é¢bé metabolického syndromu a
obezity. Jako pfiklad Ize uvést napriklad vyuziti chladem indukované termogeneze s cilem
sympatoadrenergni redukce nadvahy stimulaci hnédé tukové tkdné (Howorka 2014): nedavno
bylo zjisténo, Ze stimulovana hnéda tukova tkan je schopna zvysit denni energeticky vydej téla
cca az o 200-400kcal coz muize vést ke snizeni hmotnosti a pfipadného rizika metabolickych
onemocnéni jako diabetes 2.typu (Zafir 2013). U pacientl se syndromem obstrukéni spankové
apnoe korelovala pfi polysomnografickych zdznamech tize postizeni vyjadiend indexem
apnea/hypopnea s progresi relativni sympatikotonie (pomér spektralnich vykond LF/HF),
pficemzZ ke zlepseni HRV parametrll dochazelo pri podani kontinualni 1é¢by CPAP, s lepsSimi
vysledky pfi auto-titrované APAP (Karasulu 2010).

Ackoliv prognostickd relevance autonomni dysfunkce pfi metabolickém syndromu
zUstava predmétem odbornych diskusi, v fadé studii bylo demonstrovano, Zze — obdobné jako
u pacientd s chronickym srde¢nim selhanim, po akutnim infarktu myokardu nebo mozkové
mrtvici — stupen sympatické aktivity inverzné koreluje s prezitim jedince. Tento ndlez znovu
zdUraziiuje potfebu sniZovat pfipadnou excesivni sympatikotonii — jak nefarmakologicky, tak
farmakologickou cestou — a v obecnéjsim pohledu redukovat autonomni dysfunkci, kterd je

jednou z hlavnich prognosticky vyznamnych charakteristik metabolického syndromu.
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1.7. Prehled aplikaci HRV v metabolickém syndromu

Vzhledem k zaméreni Cinnosti nasi vyzkumné skupiny na funkéni rehabilitaci a sekundarni
a terciarni prevenci pfi metabolickém syndromu jsme v roce 2014 vyhodnotili dvacetileté
zkuSenosti z vyuziti analyzy HRV v rutinni praxi, odborné informace nashromazdéné béhem
doktorského studia na UP v Olomouci a publikované state-of-the-art informace

v prehledovém ¢lanku, vydaném v recenzovaném casopise Interni medicina pro praxi.

1.7.1. Pumprla J, Sovova E, Howorka K: Variabilita srdecni frekvence: VyuZiti v interni praxi se

zamérenim na metabolicky syndrom. Interni Med, 2014, 16(5): 205-208

(Origindlni publikace této prace in extenso zacina na ndsledujici strané)
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Variabilita srdecni frekvence: Vyuziti v interni
praxi se zamérenim na metabolicky syndrom
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'Ordinace vnitiniheo [Ekafstvi, Vila zdravi Olomouc

1. interni klinika FN UP Olomouc

*Klinika télovychovného |ékarstvi a kardiovaskulami rehabilitace FN UP Olomouc
“Wyzkumna skupina Funkéni rehabilitace a skupinové edukace, Lékaiska univerzita Viden

Schopnost rychlych adaptaénich zmén je dilefitou podminkou k udrzeni dlouhodobé homeostizy organizmu. Autonomni nervovy sys-
tém pfedstavuje dynamicky fidid systém, ktery citlivé reaguje na fadu zevnich a vnitfnich podnétil, a zajistuje tak integritu crganizmu.
Kardiowaskularni reflexy, které jsou zékladem tohoto systému, se mohou vlivem riznych faktord narusit. Diky vypogetnim technologiim
lze dnes jejich pfipadnou Easnou dysfunkci odhalit pomémé rychle, jednodude a neinvazivng, pomoci analjzy variaci srdeéni frekvence.
Tato metodika si jiZ naila swou pozici mezi vySetfovacimi postupy v kardiologii a diabetologii, a nabizi své vyuZiti u pacientd s metabolic-
kym syndromem i v fadé daliich klinickych obori. Autor éldnku pojednéva o teoretickjch zikladech, praktickych aplikacich a vlastnich
cca dvacetiletych zkuienostech s analjzou variability srdeéni frekvence se zaméfenim na obor wnitfniho lékafstvi.

Klitova slova: variabilita srdeéni frekvence, autonomni nervovy systém, sympatikus, parasympatikus, R-R interval, spektralni analyza.

Heart rate variability: applications in medical practice with focus on metabolic syndrome

The capability of quick adaptations is an important condition for preserving a long-term homeostasis of the body. Autonomic nervous
system represents a dynamic control system that sensitively manages bodily response to a range of external and internal stimuli and in
this way secures integrity of the organism. Cardiovascular reflexes, which represent basic principle of this system, can getimpaired due
to various factors over the time. Nowadays, due to swift technological developments, it is possible to detect even its early dysfunction
by a relatively quick, simple and non-invasive method using analysis of heart rate variability. This method is already well positioned
within the dlinical armamentarium in cardiology and diabetology, and opens its use for patients with metabolic syndrome, as well as in
arange of other clinical disciplines. Author of this review deals with theoretical fundaments, practical applications and own 20-years
experience in heart rate variability analysis with special focus on internal medicine and metabolic syndrome.

Key words: heart rate variability, autonomic nervous system, sympathetic, parasympathetic, spectral analysis, metabolic syndrome.

K teorii variability srde&ni
frekvence

kardiovaskularmi systém wykazuje prvky
samoorganizovanosti sméfujici kudrfeni dy-
namicke stability. Ta se udrfuje plizplsobovs-
nim srdeéni frebvence, krevniho tlaku a dakimi
mechanizmy, které reaguji na fadu wvnitfnich
a zevnich viivd, jako jsou napi vznik ischemie,
metabolickd dyshalance & wiznamna fyzicka
a/nebo psychickd zaté2. V odpovedi na uve-
denou situad se srdecni frekvence zrychluje
&i zpomaluje, méni se tedy délka R-R intervalu.
Tate Fyriclogickd adaptace srdeéni frekvence
patfi k typickym znakim autcnomnich, inte-
grativnich funkci ZFivych organizrmid. Vysoka
variabilita srdedni frekvence je znakem dobiré
adaptability systému, tedy ,zdrawych” regulaci
srdednich funkcia potafmo  zdravého” organiz-
mu. Naopak, snizend variabilita byva mmdmkou
poruteni adaptability systému a méla by wést
k detailn&jsi, dlené diagnastice jeji phiciny (1, 7).

Zaznam a analyza variability
srdeéni frekvence

Arabyza HRY (heart rate variability, variabilita
srdedni frekvence) je zakofena na posouzeni fluk-
tuace intervall mez normalnimi, po sobé nasle-
dujicimi srdecnimi staby, rejastEji mezivinami R,
Diky vypodetnim techrologiim je dres rutinni
anahjza HRV jednou z méla metod urmodiujicich
neimarivné a rychile kvantifikovat kardiovaskular
ni autonomni regulace, a v pfipadé wyuditl trw.
spekiralni dekompozice | posoudit podil obou
hlavnich slodek, sympatiku a parasympatiku.
Zamamem vyietfeni je asové robrazeni pri-
béhuw srdeéni frekvence na cbrazovce pofitace,
obwykle ve formé slupkového grafuy, kde jeden
soupek vidy reprezentuje jeden srdecni stah
fobrazek 1). Kfivka prolofend vicholy jednotlivich
sloupkl pribehu srdedni frekvence - tedy jejiva-
riabilitz — midée byt dake analyrovéna jednak vt
Easové doméné fviz dak) a jednak sofistikovand,
pomoci try. spekirdini, frekvendnd analyzy.
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Podstatou spekiralni analyzy je rozlofeni ne-
pravidelného prib&hu HRY na pravideing cykly,
reprezentujici procesy oviiviiujici jeji kolisani.
Protode oba reciprofnié fidici subsystémy, sym-
patikus a parasympatikus, ,pracuji® s odl@mmi
frekvencemi (parasymipatikus sreaguje” rychileii,
sympatikus pomaleji, zizjmé v souwvislosti 5 od-

Obrdrek 7. Princp analyzy variability sdetnl
frekvence (2} (1) zaznam EKG a vypodcet B-R intar-
walw, (2] znarornént varlad B-R Intervalu ve forme
sloupkowsho grafu, (3) spekirdind analyza vardability
A-A Intervall




l&rymi charakteristikami jejich neurctransmitte-
rili}, je moiné je maternaticko-statisticky rozligit
a ndsledné kvantifikovat jejich trv. spektriln wp-
kon” (spectral power). Ffi pohledu na frekvendni
spektrurm HRY se pfedpoklads viiv sympatiku-
5 Eastecnym podilemn parasymipatikude rozsahu
frekvend 0,04-0,15 Hz itov nizkofrekvendni pas-

Obrdzek 2. Schematicke znazomenl vysledku
kratkodobého vyietfeni HAV za pouht! modifiko-
wvangho ortostatického pokusu: standardizovang
wydetleni leh-sto)- leh, kahdd pozice 5 minat (4, 13)

i
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Obrdrek 3. Typlck2 nalazy kratkodobe HRV regls-
trované béhemn modifikovaného ortostatického
pokue A) normalni regulace bez kardiovaskularnl
autonomni dysfunkos, e zachovalyml dominan-
ceml parasympatlku vleke a sympatiky vestoje,
B) potinalid dysfunkca (se sni2enym parasympatl-
kotonem, oblast 3,3 Hzl, a O) v pokrocia dysfunkoe
{redukce sympatiko- | parasympatikotonu, obdastl
01103 Ha (12
arwe

miz, LF}, a zastoupeni parasympatiku v rozsahu
0,15 a# 040 He [tz vysokofrekvenéni pdsmo,
HF). Pasma velmi nizkych frekvenci 0,01-004
{(VLF) Hz e obvykle povafuje za indikator aktivity
termio- i chemoreceptond a systému renin-an-
giotenzin {1, 2). Micméné, v rémci kratkodobych
zaznami je jejich podil na spektru diskutabilni,
protafe tyto cykhy maji svou vinowouw délku pii
001Hz aF 100 sekund (1). Kromé absalutnich
hodnot spekiralnibo vikonu v jednotivich pas-
mech je vhodné posuzovat | poméry, relativni
rastoupeni jedniotlivich komiponent, a Kinicky
smiysluplng se jevi kumulované parametry s5-
tajici wykon jednotlivych frekvenénich pdsem
v prabéhu celého wyietfeni, napi. provokace
sympatiku i parasympatiku béhem ortostatické
manipulace (3).

Celkowym videdkem vyietfeni je obvykle
trajreemérmy graf 2obrazujici spektrum variaci
srdeéni frekvence v pribéhu vySetfend. U nas
se v poslednich dvow desetiletich do klinicks
praxe rozéifily systémy VariaPuke a VariaCardio,
vyvojové pochdrsjici z olomoucks Univerzity
Palackého 4, 5) a klinicky rozvijerny mj. ve spo-
lupréd s Lékafskou univerzitou ve ¥idni nebo
praiskym IKEMem (3, &, 7). Pfi vySetfeni se k pro-
vokaci obou vtwi autoromnich regulaci vyugiva
standardizovany ortostaticky pokus, kdy vyiet-
fovand osoba 5 minut le3, 5 minut stoji a poté
opét 5 minut le (). Ma pfilozeném obrizku
{obrazek 2 je znazomén pribéh HRY béhem
vysetieni, s pfevahou parasympatiku (kolem
0,2 Hz) vlefe, poté reciprodni vzestup aktivity
sympatiku {kalem 0,1 Hz) vestoje, a v posledni
fizi pokles sympatikotonu a opétry veestup
parasympatikotonu po opétné supinaci. Rozvej
piipadné poruchy kardiovaskul&mich autonom:-
nich regulaci lze pak posoudit vizuilng a kvanti-
tativnié. V Easneé fazi dochdz pledevsim k redukc
v oblasti parasympatiku, zatimeo pfi roevinutsm
pastizeni dochaa k poklesu uZi v oblasti nizko-
frekvenini, tedy plevazného vivu sympatiku
fobrazek 31

lzko u vétdiny biclogickych funkdi, je i zde
vysledovatelng viiv fady faktord vEetné veku:
s jeho nardstemn pirozend klesa spekiralni w-
kon. Z hlediska pfipadné terapeuticks inter-
vence je mozné ndlez ézsneho postifeni - tedy
nizsi spektralnivikon jen v oblasti parasympati-
ku — efektivné ovlivnit jak nemedikamentdzng,
tak medikamentdzné. Pi aplikad vytrvalost
niho tréninku, kratkodobého laénéni neba
tréninku v fizerém dychani jsme v nagich stu-
diich natli statisticky vymnamné zlepseni HRY
rvlaEts v oblasti viivu parasympatiku (3, 9, 100
Medikamentazné lze HRV oviivnit typicky po-

T oo O

mioci betablokatord, ACE, v metabolicks oblasti
napf pioglitazonem (11}

Pribéh srdeéni frekvence neni zolovanou
wvelicinou, ale (zce souvisi s regulacemi krevniho
tlaku, dychani a dalsimi faktony Proto je vady
nutnio interpretovat vysledky HRY v souvislos-
ti 5 celkovym klinickym stavemn &i lécbou (12
Pribéh vySetieni je tieba striking standardizowvat
avyloudit externi stimuly, piiderng =fejmou roli
mize hrat frekvence a hloubka dychani (1, 120
Ffi longitudinalnim, intraindividudlnim sledo-
vani padienta se viak tento fenomén uplatfiuje
minimalng. Mavic snaha o fizenow dechovou
frekvend béhem wySetfeni HRY je de facto ex-
ternd stimul, ktery v konedném ndlezu mize
wyznamné znehodnotit plirczeny nalez HAY
u pacienta.

Casové a na vyietfovad instrurmentdrium
néroénéji jsou kardiovaskulémi reflexni testy
analyzované v trv. fasové deméné (obvykle
matematické praoméry a statistické kalkulace
napi. dsperze dat kolermn primér, geometricks
metody apod ). Jednou z nejastEi uivanych je
skupina reflexnich testd navrZzerych Ewingemn
{13), kterd zahrnuje test hlubokeho dychani,
Walsaheliy manéwr, ortostaticky test a hand-grip
test. Témito robustnimi testy viak nelze odli-
it & kvantifikowat aktivity obou subsystémi.
Micmeéné, Ewing byl jednim z prenich autord,
prokazujicich vyznamnou prediktivnl hodmotu
nélezu autorominibo postizeni ve vetahu ke zvy-
Zené mortalit (13).

Prodlouzeni doby vyZetfeni na 24 hod.
wramci hoherovského monitorovéni mide pfi-
nést dalii informace zvliié z pisem v vel-
i nizkych (0,01-004 Hz) & ultranizkych (pod
001 Hz) frekvenc, které dle nékterych autord
mohou dile zvyEit wwidZnost testu vzhledem
k tomu, Fe 52 na celkove spektralni enengii podili
ai z %0 %. Nicméné, pfi téchito  diouhodobydh”
testech obwykle nelze standardizovat podminky
wyZetfeni, cof miife mainé ztiFit jeho vypovsdni
hodnotu. Mavic se zda, #e vysledky HRV anakjzy
pedivg standardizovanych kréthodobydh vyset-
fiemi =2 z&zadné nelisi od analyz provedenych na
zikladé holterowského monitorovani (14).

Vedle wwie uvedens lingarni analyzy e vli-
teratufe uwadi takeé zajimave vysledky wizkumu
tzv. nelinedmich komponent HRY, kdy se po-
suzuje ,chaos” v regulacich srdeéni frekwence
{15} a fada daltich parametrll Tyto metody viak
obwykle zistéaji diky swé komplexnosti omeze-
ry ma vyzkumng pracovists a v praxi se rozSifily
minimalng. Maproti tomu existuje na trhw fada
komenéné dostuprywch dedikovanych systémid
wywFivajicich wySe sminénou linedrni Casowou
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Tabalke 1. Ptiklady asodacl nalezd HRV a modSikovatelnych rizkovych faktond (volné die 300

Riziko Autor Sledovany parametr a populace  Zawér

Hypestenze Liao HAY a hypertenze (ARIC studie). 1,25, 2 rizifo rorvoje hypertenze u subjektd v najnttsim kvartiiu HF pasma
n=2051 3 hypertonid

Hypestenze Singh HAY a hypertenze (Framingham Ll mu2i 1.38x & u ben 1,12x (N5) riziko roevaje hypertenze pinids HAY a relativnd
Studyl n=2024, 17 % Incidance sympatikotonil
hypertenze

Hypestenze Schroeder HAY, hypertenee, krevnl tlak. 1,1-1,6x riziko rorvoje hypertenze w sulbjekid 5 patologickymi hodnotamid tasove analyzy
n=110&1, 78 W incidance HEW (SDMM, iS50, delka R-R int)
hypertenze

Hypertenze  Virtanen HAY, hypertenze, renin. n=1%1 Mizsl HRV [(tasova | frekventnl analyza) u nove diagnostiovanych hypertonikl
hyper-tonikd a 105 kontrol Jwysena altivita reninu Jako mazavishy Faktor poddasu HE

Cholesterol Christen-san ~ HAY a cholestarol. Asodace mezl niks HRY (fasond analyza, SDMN, rM5500 a vytsim cholesterolam u padentd
n=g5, 55 %5 ICHS 5 KHS 1w zdravich jedincd

Cholesterol Kupar HAY a LOL cholestarol. n=88 bez  Koeedace hladiny LOL cholasterolu s iS50 r=-0,22 (p=0,08) a s celkovym spekiralnim
projesvu KCHS wikonam r=-0,25 (p=0.07)

[iabetes Liao HAY, diabetes, ghyke-mie, Snizerry vykon v HF pasmu u diabetiki ve ssovnani s nediabetiky (p=0,01)

(ARIC studiel  ingulinermie. n=1933, 8 % diabetiki
[iabetes Camethon HAY, typ 2 diabeatas 1,2x relativni risk rozvioje diabetu behem B3 let sledované populace 7 negnittSho kvart i
[ARIC studie}  n=B1ES, 13 % diabetikl spektralniho vikonu v LF pasmu ve srovnani s nefvyiSim

DMabetes Singh HAY, typ 2 diabeatas Prirmérry LM spektrainiho wykonu v LF pasmu u nediabsatiiol vs. disbaticl 6,7 vs.
n=1919, 4 % diabwat 6.5 (p=0.008). Pomes LF/HF u stegnych skupin 1,22 vs. 1,08 (p=0.02)

Oberita Patretta HAY, obezita. Seovniani kontroinichyneobamich a obamich subjelid — niksl spelcraing vykony v ULF
n=30, U 50 % &asmy roevo] ocbexlty (8,67 ws. 8,43 LN ms? aVUF (7,57 vs 7,37 ms”) pasmech

Pohvt Sloan HAY, a=sobnl akthita. Zwyseni SOMN (o 0,12 LN rms) & HF vykonu (o.0,39 LN ms?) po 12tydennim aemobnim
n=149 adravych treninkw. Opétry poidas SOMM (o0 -0,20 LN ms) a HF vikonu (o -0.54 LN ms?) za 4 tydny po

ukontanl wirvalostnibo tréninku

Pohvt Howorka HAY, vyirvalostnl trénink_ Jwysen! celkoweho spektrainibo vi-komu z 75 na 8,0 (LN ms?, baz neuro-patie) a 7 6,1 na
n=12 diahatikl 6.6 (LN ms’ s poting- i nevropatil} po 12tydennim vytrvalostnim tréndnku. Vymizan

efelitu do 6 tydnd po ukondenl tréninku.

Kooasten| Havano HAY, kratko- a dliouhodoby afakt Poddas HF vytkonu |12 po 1 cigareté (p=0,006). Zvisen! OOV v LF pasmu za 10-17 min po
koastenl. kouteni (p=0,0001) MOV v HF pasmu u bédgch kulakl ve srovnant s nekutakyTehigmi
n=81 mul, 63 % kutad kuraky (p=0,008)

Wyswertivky:

HRV haart rata varlability, vasnabilita srdednd frakvencs

LLF uitra-low frequencyipasmo uitrantzigpch frekvenc
VLF very-low frequencypasmo welmi nizkych frekvenct

LF lowi frequancy/nizkofrakvendnl pdsmo

HF hisgh Frequencyvy sokofrekvencnl pdsmo

SOMN smérodiatng odchylka po sobé nasladu)icch normainich B-R Intervall

550 druha odmooning peimeéne Cteerch odchylek po sobé nasleduicich normalnich B-R intervald
R-fimt  interval B-R

LN phrazery kogartmus
coaffident of component varlance, odvoreny parametr freloventnl analyzy plepoditanyg na primésnou déliau B-R Intervalu

ooy

a frekvenéni krdtkodobow analizu. Jstou limitaci
je pak fakt, #= ne vidy jsou vsledky méfeni zis-
kané jednotlivymi systémy zaménitelng, obvykle
v disledku poufiti odliEnych zpracovani dat &
kailkulaénich procedur.

Hodnoceni variability srdeéni
frekvence v Klinické praxi

W Klinické praxi se sledovéni HRV popreé
objevilo ve Fednoduiens podobé v porodnictei
v kardiotockografii. Nicméné, hlawnim oborermn
wywFvajicim wysledky analyzy HRV je samozfej-
mé kardislogie. Koncem 70, let Wolf popres
publikowval studie popisujici snizemow HRY ko-
relujici se nriEemou mortalitow afnebo cetnosti
klimicky wwznaminpch arytmickych piihod u pa-

cientd po infarktu myokardu (16 Od & doby
bylo publikowano nékalik tisic praci z mnoha
obord medidny, piicemz jednou z nejvice popi-
sovanych problematik je posuzovani akiualniho
stavu a'nebo prognostickéha rizika pacienta
s chronickym srdecnim nebo metabolickym
postizenim Fiiklady aplikace HRY jsouw uvedeny
v tabulce 1.

Vyznamnou pogic v diagnostice si nadla
analyza HRV i v diabetologii. Tize kardicvasku-
larni autonomni neuropatie {KAN) prokédzan
jinyrni metodami pfimo koreluje s poklesemn
HRAY (). WEetfeni KAN bylo donedivna poné-
kud opomijenou soudasti v diagnostice klasicks
tridgdy pordnich komplikaci disbetw, ackoliv je
napf. mama, fe padenti s jeji titkou formaou
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maji nékolikandsobné wyEE mortalitu nef pa-
cienti bez KAN v priibéhu pétiletého sledovéni
{17}, Pfiginou tohoto fenomeénu je ziejmé opét
dysbalance v autcnominich regulacich spolu
s poklesemn prahu pro wwolini letélni arytmie
(17} Obnoveni autonomnich regulaci e pod-
pofit napf systematickym vytrvalostnim tré-
ninkem (8). Piiklady aplikace HRY jsou uvedeny
viabulce 1.

Metabolicky syndrom a variabilita
srdefni frekvence

Dysfunkece v autonomnich regulacich s wj-
rnaminou sympatikotonii a poruchou barorefle-
xu jsou typickym ndlezem u obfrnich pacientd
s metabolickym syndromem (18). Vyznamna



korelace byla nalezena mezi mnodstvim visce-
rélniho tuku a zvyEenou aktivitow sympatiku
{19). U neabéznich jedinod je porusena HRY
s yyznamnou dominand sympatiku povaio-
vana za rizikowy faktor pirlstky vahy a rozvaje
obezity (20} Zwysena sympatikotonie Casows
piedchdzi roevaji inzulinorezistence a rozvoji
dizbetu mellitu 2 typuw (181 Mirné pigjidani vedlo
u zdravych nechémich dobrovelnild k nérdsme
wahy spojenému s relativnim narlstem sympa-
tikotonie (21). U cbéznich jedinch je sympati-
kotonni odpovéd po poZiti sacharidove stravy
neba chladove provokad nizsi ne? u necbéznich
jedinod 221 Ve srovnani skupin 2en s roedilmgm
BMI byl spektralmi wykon v pésmu WLF - jako
index termorequlace a varomotoriky — snizen
u skupiny s pridmérnym BMI=23 ve srovnani
= niEEim BMI=1T

W rémeci populadni studie ARIC byl u paden-
tl = metabolickym symdromem rovnéE prokdzsn
wzestup rizika celkowe martality pi poklesu HRY.
Zde je piidina mejmé multifakiorigini, jak v po-
rugeném fizeni srdedni Cinmosti v rAmci neuro-
patie, tak i v podkozeni cilového orgdnu napd.
viivern dicuhodobe nekontrolované hypertenze
{12, 23). Rovnéz néler sniFené HAV u cbéznich
pacient s esencidlni hypertenzi a syndromem
spdnkoveé apnoe — 2iejmé jako disledek diow-
hodobsé excesivni sympatikotonie - milze byt
soudasti néasledujicl diagnosticko-terapeuticks
rozvahny (24).

Pfi redukd vahy dochazi ke zZlepieni od-
povédi v WLF a LF komponentech spekira HRV
{25), =vldid pak ke zvyEeni ochranného” wiv
parasympatiku a senzitivity kardiovagélniho ba-
roreflexu (26 Obézni subjekty s nizkou vstupni
symipatickouw aktivitou viak dosahly v 12tyden-
nim redukZnim programue mengiho Obytku vaky
nes ti s vyEEim vstupnim sympatikotonerm (18

VEachny tyto nédlezy mohouw pfispivat k defi-
nici adekvétnich, HRV-podporovanych, diferen-
covamjch terapeutickych postupl pfi moderni
léché metabolického syndromu a obezity. laka
piiklad lze uvést napfiklad vwusiti chladem in-
dukowvané termogeneze s dlem symipatoadre-
nergni redukoe nadwvahy stimulac hnédé tukows
théné (27T nedédvno bylo zjigténo, 22 simulovana
hnéda tukowa thdf je schopna zeysit energeticky
wydej t8la coa aF o 200-400 keal, cof mike wst
ke snizeni hmotnosti a plipadného rizika meta-
bolickjch onemoonéni jako disbetes mellivus
2 typu (28] U pacientd se syndromem obstruké-
ni spankové apnoe korelovala pfi palysoming-
grafidojch zaznamech tize postifFeni vwiddfena
indexemn apnea/hypopnea s progresi relativni
sympatikotonie (pomér spektralnich vykond L

HF), pfi¢emé ke depSeni HRV parametrd doché-
zelo pii podani kontinudlni ey CPAP. s lepsimi
vysledky pfi auto-titrovang APAP (29).

Ma maSemn pracovisti jsme v ramci klimické-
ho hodnoceni OSinnosti a berpednosti systé-
mu Yanquish® uréeného k neinvazivnd radio-
frekwenéni redukci podkoEnich depozit tuku,
Zjistili, 22 wyznamnéjsi redukc obvodu pasu po
sérii 4 ofetfeni selektiviim wysckofrebvenénim
polerm dosshly subjekty s vyEEim spekirilnim
wykonem v HRY pEsmu s velmi nizkou frekvenci
(VLF, 0.01-0.04 Hz) na zadatku studie Detaily
fou nad rémec tohoto sdéleni, nicméné tento
nalez je v souladu se studii Matsumota et al,
(22} ktery si poviiml, 2 autonomni od povéd na
termegenni impuls nebo kapsaicinern kofené-
nou potravinu, sledovana v HRY spektru o velmi
nizké frekwend, byla u obéznich jedinct niZsi nez
u reobéznich. Hodnoceni spektralnibo vwkonu
ce o podilu autonomniho systému na regulaci
energetické bilance organizmu. Hypateticky by
tedy sniFeny wstupni vykon ve VLF pasmu mahil
implikovat nizsi sympatikotermogenni cdpoved
na terapeuticka opatieni zaméfena na redukc
nadwahy.

Dalfi klinické obory a HRV

Prokérany progrosticky vyznam md HRY
u fady dalgich Klinicky zéwazmjch stawll, od renél-
nibiz selhdni a stawl po cévni morkové piibods
po peroperalni dedovani hemodynamickeho
profilu nebo pooperadni sledovéni na jednot-
kich intenzivni péde a odhad rizika pfipadnych
komplikaci. Dals zajimavou oblasti je napfiklad
posuzovani ufinku podanych &8iv na kardio-
vaskuldrni autonomni regulace a potaimo na
stav afnebo progndeu padenta, nebo aplikace
HRY pfi fizeni kardiovaskularmi rehabilitace po
infarktu myokardu (31}, tréninkovych procesd
Ve sportu & uprave tréninkove zatéde dle akbu-
alnihao stavu organizmu sportovee. To vie je ale

nad ramec tohoto sdéleni.

Zawér

Vyietieni variability srdeéni frekvence po-
skytuje kvalitativné novy pohled na diagnosti-
ku a l&¢bu fady chronickych onemocnéni, s ni-
miZ se setkdvame v denni praxi. Analyza HRY se
etablovala pledeviim v kardiologii, diabetclogii
a pfi vyietfovdni metabolického syndromu,
kde byla prokézana korelace mezi poklesemn
variaci R-R intervalh a nepfiznivou progndeou
nemoci, cof odpovida vieobecné vnimané
pozici metodiky jako Ezsného a nezdvislého
indikatonu rizika.
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2. CiLE DISERTACNI PRACE

Cile této disertacni prace jsou:
Metodologické

(1) Definice optimalnich parametr( k deskripci autonomni dysfunkce, zahrnujici definici
vékové vztazenych normalnich hodnot, a sdruZenych/kumulativnich parametr(
spektrdlniho vykonu, pouzitych ke zlepSeni diskriminacni schopnosti testu mezi
jednotlivymi stupni postizeni CAN

(2) Zahrnuti ortostatické manipulace k ovéreni efektu na diagnostiku ¢asné autonomni
poruchy, a k posouzeni ¢asného postizeni sympatické nebo parasympatické odpovédi
pfi rutnnim vySetifeni HRV

(3) Ovéreni reprodukovatelnosti/opakovatelnosti vysetfeni kratkodobé HRV v ¢asové i

frekvencni doméné v pribéhu dvou po sobé jdoucich méreni béhem 2 dnu

Klinické/aplikaéni

(4) Ovéreni vlivu vytrvalostniho fyzického tréninku u pacientl s diabetem s rdznym
stupném autonomni dysfunkce

(5) Kvantifikace vlivu minimalné 12-hodinové restrikce stravy u pacient( s rdznymi stupni
CAN

(6) Posouzeni nefarmakologické redukce krevniho tlaku a pfipadné dalSich efektl na
kardiovaskularni autonomni regulace pfi aplikaci fizeného zpomaleni dechové
frekvence biofeedback-systémem RespeRate

(7) Sledovani vlivu série radiofrekvencni redukce subkutdnniho tuku na kardiovaskularni
autonomni regulace u pacientli s metabolickym syndromem

(8) Prukaz vlivu spindlni stimulace na autonomni funkci u pacientl s chronickou ICHS

a refrakterni anginou pectoris
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3. VYVOJ A VALIDACE METOD ANALYZY VARIABILITY SRDECNi FREKVENCE

3.1. Vyvoj a validace analytickych standardu k posouzeni HRV:

Reprodukovatelnost kratkodobého vysetieni HRV

Uvod: V ramci validace diagnostického procesu bylo tfeba ovéfit reprodukovatelnost
vySetfeni. V literature Ize nalézt kontroverzni nazory na reprodukovatelnost kratkodobého
méreni HRV. Dostatecnou stabilitu nalezl napf. Sinnreich 1998, pficemz méné senzitivini
parametry casové analyzy, jako jsou rMSSD nebo SDNN, se zdaji byt robustnéjsi, a tedy i Iépe
reprodukovatelné nez parametry spektrdlni analyzy. Zde byla demonstrovana lepsi stabilita v
Case pro celkovy spektralni vykon nez pro individualni ¢asti frekvencéniho spektra (Tarkiainen
2005). Na druhou stranu, spolehlivost vysledkd kratkodobych zaznami HRV nepotvrdil napf.
Bootsma 1996 nebo Lord 2001. Nicméné je nutno podotknout, Ze vysokd, ,zdravd“ HRV je
odrazem frady zcela fyziologickych déju v organismu a tudiz velmi zdleZi na standardizaci
podminek vysetieni (Pumprla 2001), coz ve vétSiné uvedenych publikaci nebylo dostatecné
zajisténo. Nahodna chyba méreni predstavuje pouze mensi cast celkové interindividualni
variability, coZ predstavuje dostatecnou relativni relabilitu. Lze tedy predpokladat, Zze rozdily
mezi zdravymi probandy jsou zpUsobeny predevsim realnymi hodnotami a nikoli néahodnou
chybou méreni. Efektivnim feSenim tohoto pfirozeného rozptylu normalnich dat s ohledem na
pozdéji analyzy a srovnani s vékové-relevantnimi normami je jejich logaritmizace, coz jsme
prokdzali i vnaSich studiich (Howorka 1998). Na druhou stranu, nizsi HRV ma
reprodukovatelnost lepsi pravé v souvislosti s jiz pfitomnou dysfunkci v regulacich a tudiz je
spolehlivost detekce postizeni u téchto pacientd vyssi.

Cilem nasi prace bylo posouzeni reprodukovatelnosti/ opakovatelnosti (repeatibility)
vysledk( kratkodobé HRV u 55 pacientl s riznymi stupni diabetické autonomni dysfunkce,
ziskané dle popsaného modifikovaného ortostatického protokolu ve dvou po sobé
nasledujicich mérenich v pribéhu 2 po sobé nasledujicich (1.47+1.23) dn(, pfi vyuZiti
standard( dle Bland-Altmanna (Bland et Altmann 1986).

Vysledky (viz ,Vysledky“ str.61 a Obr.14 a 15): Parametry reprodukovatelnosti pro obé
domény HRV jsou uvedeny v tabulce. Vysetieni SA-HRV trvalo v priiméru 17+2 min, vySetfeni

Ewingovou baterii testl trvalo v priiméru 38+7 min (p<0.001).

60/172



Zavér: Vysetireni kratkodobé variability srdec¢ni frekvence v casové a spektralni
doméné vykazuji srov-natelnou reprodukovatelnost/opakovatelnost v kratkém casovém
odstupu. Oproti Ewingové baterii je spektralni analyza signifikantné krat$i a méné narocnd na
compliance pacienta béhem vysetieni, pficemz umoznuje kvantifikovat stav obou subsystému
autonomniho nervového systému.

3.1.1. Pumprla J, Howorka K, Schabmann A et al: Reprodukovatelnost vysetieni diabetické
kardiovaskuldrni autonomni neuropatie pomoci spektrdini analyzy variability srdecni
frekvence a Ewingovy baterie funkcnich testd. Diabetologické dny, Luhacovice, 1999. Sbornik

abstrakt.

REPRODUKOVATELNOST VYSETRENI DIABETICKE KARDIOVASKULARNi AUTONOMNI NEUROPATIE POMOCI
SPEKTRALNI ANALYZY VARIABILITY SRDECNi FREKVENCE A EWINGOVY BATERIE FUNKENICH TESTU
Pumprla J, Howorka K, Schabmann A, Salinger J*, Opavsky J*/ Institut biomedicinské fyziky a techniky,
Univerzita Vidern/ *Fakulta télesné kultury, Univerzita Palackého v Olomouci
Uvod
e Reprodukovatelnost/opakovatelnost vysetreni diabetické kardiovaskuldrni autonomni neuropatie
(CAN) pomoci baterie funkénich testl dle Ewinga (1982) byla dostatecné ovérena.
e Principy a normy nové diagnostické metodiky, krdtkodobé spektralni analyzy variability srdecni
frekvence (SA-HRV), byly rovnéz publikovany (1997, 1998).
e Dostateéné vsak prozatim nebyla prozkoumana reprodukovatelnost/opakovatelnost tohoto
vySetieni pti jeho opakovani v kratkém ¢asovém horizontu.

Cile

1. Ovéreni reprodukovatelnosti/opakovatelnosti vysetieni kratkodobé SA-HRV v kratkém
Casovém odstupu (spektraini analyza HRV)

2. Ovéreni reprodukovatelnosti/opakovatelnosti Ewingovy baterie funkénich testl (¢asova
analyza HRV)

3. Posouzeni ¢asové narocnosti trvani obou typ( vysetieni.

Pacienti a metody

Intraindividudlni korelace a koeficienty reproducibility vysledkd 2 konsekutivnich méfeni v casovém
rozmezi 2 dnd, u 55 diabetikd s riznym stupném postizeni (bez/lehkd/téZka CAN: n=21/22/12)
ziskanych pomoci systému VariaCardio TF4 pro:

o spektrum variability srdec¢ni frekvence v modifikovaném kratkém ortostatickém testu (polohy
leh-stoj-leh, 3x5 minut)

) baterii funkcnich testl dle Ewinga

Byly striktné dodrzeny standardni podminky vySetfeni (ADA, 1996).

Vysledky

(1) spektralni analyza

Ln kumulativni spektrdini vykon [In(ms’)] X1#SD1/x,+SD, r= p=
e ve vysokofrekvenénim spektru (HF) 5.7+1.2/5.6+1.4 0.95 <0.001
o v celkovém spektru (LF+HF) 7.2+41.2/7.1+1.3 0.94 <0.001
e v nizkofrekvencnim spektru (LF) 6.5+1.4/6.2+1.4 0.90 <0.001
e v hlubokofrekvencnim spektru (VLF) 5.9+1.0/5.8+1.1 0.74 <0.01

Nejvyssi korelace v podskupinach dle tize CAN:

® bez a lehkd CAN: vysokofrekvencni spektrum (HF; r=0.91 a r=0.84; oba parametry p<0.001)
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e tézka CAN: nizkofrekvencni spektrum (LF; r=0.75; p<0.001)

Koeficienty reproducibility/opakovatelnosti dle Bland-Altmanna CR=
e kumulativni spektralni vykon LF+HF 0.9 ms®
e kumulativni spektralni vykon HF 1.1 ms®
e kumulativni spektralni vykon LF 1.2 ms’
Vysledky
(2) ¢asova analyza
Test X1#SD1/x;+SD, r= p=
o |-E béhem testu hlubokého dychani [min™] 12.1+3.8/11.7+3.1 0.88 <0.001
e Valsalviv manévr 1.2+0.1/1.1+0.2 0.82 <0.001
e Ortostaza -- rozdil TKy,, [mm Hg] 18.6+4.3/17.3+4.4 0.58 <0.01
-- HR max/ min 1.3+0.2/1.2+0.2 0.80 <0.001
Koeficienty reproducibility/opakovatelnosti dle Bland-Altmanna CR=
o |-E b&hem testu hlubokého dychani [min™] 9.6
e Valsalviv manévr 0.29
e Ortostaza -- rozdil TKy,, [mm Hg] 49.1
-= HR max/ min 0.34

Obr. 14. Korelace mezi dvéma mérenimi HRV spektrdlni analyzou v casovém odstupu 1.2+0.9 dnu
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3.2. Vyvoj a validace analytickych standardd k posouzeni HRV: Srovnani
kratkodobé spektralni analyzy HRV s Ewingovou baterii reflexnich testt
jako referencni metodou a stanoveni vékové-korigovanych normalnich

hodnot

Uvod: Vzhledem ke zvolenému modelu testovani HRV (ortostatickd manipulace za
Ucelem provokace odpovédi obou vétvi autonomniho systému, Opavsky 1995), jakoz i diky
nékterym specifikdm vyuzitych matematicko-statistickych kalkulaci pti vypoctu frekvenéniho
spektra, vyuzivajicim v rdmci Fourierovy transformace metodu tzv. ,coarse-graining” analyzy
dle Yamamota, kterda v principu umoznovala redukovat vliv excesivnich neharmonickych
hodnot kontaminujicich zvlasté nizsi frekvence (Yamamoto 1991, Salinger 1995), a rovnéz s
ohledem na potrebu jednotné metodiky vyhodnoceni a srovnatelnosti vysledkd s ostatnimi
pracovisti, bylo potfeba sestavit specifické normy platné pro vysetfovani dedikovanymi
systémy.

V souvislosti s vySe zminénym neudivi dvoji pohled na problematiku srovnatelnosti
metod méreni HRV rlznymi procedurami. Napf. Sandercock 2004 nachazi pti srovnani tfi
komeréné dostupnych systém( deklarovanych pro méreni kratkodobé HRV signifikantni
rozdilnost ve vysledcich, které pfisuzuje odliSnym zaznamovym a analytickym protokol(im
jednotlivych zatizeni. Naproti tomu Weipert 2010 nachazi pfi srovnani 3-minutovych zaznama
z mobilnich komer¢nich aplikaci ,excelentni” zaménitelnost pokud jde o méreni R-R interval(i
a dostacujici srovnatelnost spektralnich parametr( pfi jejich relativizaci/normalizaci.

Cilem prace bylo vybrat ty parametry spektrdlni analyzy, které mély obdobnou
diskriminaéni schopnost jako parametry “zlatého standardu” diagnostiky diabetické
autonomni neuropatie, baterie reflexnich testl dle Ewinga, a zjistit normalni hodnoty pro
skupiny pacientl bez, s pocatecni a pokrocilou autonomni dysfunkci. Druhotnym cilem
analyzy bylo stanovit vékové diferencované normy.

Vysledky a zavér: Na zdkladé nasi analyzy je moiné fici, Ze spektralni analyza
kratkodobé HRV dle modifikovaného ortostatického pokusu vykazuje obdobnou
diagnostickou hodnotu jako ¢asova analyza, “zlaty standard”, baterie freflexnich testl dle
Ewinga. Kumulativni spektralni vykon celého frekvenc¢niho rozsahu (v tomto ptipadé 0.06-

0.50Hz) Ize poutzivat jako celkovy deskriptor stupné kardidlni denervace pfi diabetu pfi vyuZziti
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popsané metodologie. Z klinického hlediska je duleZité také zminit, Ze ve skupiné
konsekutivné vysetfenych 119 probandl s diabetem 1.typu jsme nalezli pouze 50 pacientt
bez projevl CAN.

Pfi pouziti identické vySetfovaci procedury, Lacigovd 2007 z plzenské Fakultni
nemocnice nalezla ve skupiné 107 asymptomatickych probandu s diabetem 1.typu pouze 46%
pacientld bez CAN, obdobné jako v nasi sledované skupiné. Hosovd 2001 z prazského IKEMU
vysetfila identickou metodou 123 nediabetikl, pficemz vysledky kumulativnich spektralnich

vykon( byly obdobné nalezim dosazenym v nasi skupiné diabetik(i bez projevi CAN.

3.2.1. Howorka K, Pumprla J, Schabmann A: Optimal parameters of short-term heart rate
spectrogram for routine evaluation of diabetic cardiovascular autonomic neuropathy.

Journal of the autonomic nervous system, 69(2-3), 1998, pp. 164-172. IF 1.4

(Origindlni publikace této prace in extenso zacina na nasledujici strané)
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Abstract

Onr aim was to select those parameters of heart rate variability (HRV) within its short-term power spectral analysis (PSA), which have
a capability simular to that of the standard Ewmg battery of cardiovascular fimetion tests in determining different degrees of
cardiovascular autonomic newropathy (CAN) in diabetes and to compare the usefulness of both methods for diagnostic purposes in the
everyday routine. Commonly used standard battery of cardiovascular aufonomic fimetion tests evaluated as total Ewing score as well as
short-term PSA of HEV were used m 119 diabetic pahents (age: 52.7 + 9.8, diabetes durabon: 22.2 £ 12.7 years). From this cohort,
patients were selected according to the total Ewing score by matching for age, gender, BMI and diabetes type for 3 groups. each of 17
patients, with no CAN (total Ewu:tz seore -0 ‘*}I with ea:lﬂ. ivolvement (score 1.0-2.5) and with definite or severe CAN (score
3.0-53.0). Short-term P5A of HEWV ]:nerfmmed in three positions (supinel -standing—supine?) included frequency-domam and time-domain
parameters of HRV. Cunmlative spectral power of total frequency band (0.06—0.50 Hz) and spectral power of low- ﬁ'equeum band
(0.06-0.15 Hz) during both supine positions proved to be the most selective and disciminating among all patient groups in Infer-group
comparison and in analysis of discriminance. The comelation between the total Ewing score and the cummilative spectral power of total
frequency band was r= —0.87 (P < 0.001). About 33.2% of cases classified by short-term PSA of HREV using the vanables selected by
analysis of discriminance was congrient with the classification by the total Ewing score alone. Time expenditure for the performance of
each examination was 31 + 10 min for Ewing test battery vs. 14 4+ 2 min for short-term PSA of HREV (P < 0.001). In summary. the latter
methed showed similar diagnostic value conceming the CAN as the classical Ewing standard battery of cardiovascular fimetion tests,
although its application proved to be shorter, less stressfill and more independent from patient cooperation. Cummlative spectral power of
total frequency band (LFHF cumpower) can be used for overall deseniption of the degree of cardiac denervation i diabetes while using
short-term PSA of HEV. @ 1998 Elsevier Science B.V. All nights reserved.

Eqywords: Cardiovascular antonomic neuropathy; Hesrt rate variability; Time-domain snalysis; Frequency-domain analysis; Power spectral analysis;
Daabetic late complications

1. Introduction

Floctuation of heart rate is vsed widely as an mdex of
the level of awtonomic traffic to the heart (Ewing et al,
1980; Task Force of the European Society of Cardiclogy
and the North American Society of Pacing and Electro-
physiology., 1996). The Ewing battery of cardiovascular
function tests (American Diabetes Association, 1996; Ew-
ing et al, 1985) iz an established set of standardised

" Comesponding aunthor. Deparment of Biomedical Enginesring and
Physics, University of Vienna, Allzemeines Erankenhaus, Leitstelle 41
Wihringer Giirtel 18-20, A 1090 Vienna, Austria. Tel : +43 1 404003981;
fax: +43 1 404003988; e-mail: k boworka(@bmip akh-wien ac.at.

016‘ 13: B,’QE;‘HS‘ E'D -I‘ 1993 Elsener Science BV, All nighes resarved.
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stimuli with analysis of effects on heart rate and blood
pressure in time-domain Increased mortality risk is associ-
ated with cardiovascnlar autonomic newropathy (CAN) in
diabetes (Luft et al, 1993; O'Brien et al, 1991) and
diminished heart rate variability (HRV) also in coronary
arfery disease (Bigger et al., 1993; Dreifus et al, 1993;
Hayano et al, 1990a; Eleiger et al, 1987). In diabetic
patients with microproteinuna, a diminished HEV was
predictive for further renal deterioration (Molgaard et al,
1994; Poulsen et al. 1997; Sundkvist and Lilja, 1993). As
the impact of CAN on prognosis in diabetes was recog-
nised (Ewing et al , 1980), it became clear that the estima-
tion of cardiac avtonomic function should be routhinely

performed mn diabetic patients.
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Analysis of HRV in the frequency / = spectral /-domain
allows an assessment of autonomic fonction with the m-
vestigation of the effects of sympathetic and parasympa-
thetic subsystems (Hayano et al | 1991: Task Force of the
Euwropean Society of Cardiclogy and the North American
Society of Pacing and Electrophysiology, 1996). Even its
short-term version proved a significant predictive valoe
{Bigger et al., 1993). We decided to compare the short-term
power spectral analysis (PSA) of HREV to the reference
battery of Ewing (American Diabetes Association, 1996;
Ewing et al, 1985) on the level of clinical application in
diabetes. Qur aims were (1) to select those parameters of
short-term PSA of HEV, which have the highest diagnostic
impact and a capability similar to that of the standard
Ewing battery of cardiovascular function tests in determin-
ing the degree of cardiovascular autonomic depervation
and (2) to compare the usefulness of short-term PSA of
HENV to that of Ewing battery for routine diagnostic pur-
poses of the diabetic cutpatient department.

1. Subjects and methods
2.1. Subjects

2.1.1. Study population

Both diagnostic methods were used in a non-selected
diabetic cohort of our outpatient department. although the
quantification of CAN was preferably used for patients
with longer diabetes duration or even with clinical signs of
CAN. Patients with arrhythmias. those taling alpha- or
beta-blockers or any other medication considerably mflu-
encing the cardiovascular system, were excluded (Ameri-
can Diabetes Association. 1996). Clinical characteristics
(mean + D) of the whole cohort (n=119) were: age
52.7 4 9.8 years, diabetes duration 222 4 12.7 years, type
1 diabetes n =107, f/m 66,53, BMI 25.5 £ 3.7 kg/m?,
casual blood pressure 128 +19/754 9 mmHg HbA
6.5 + 1.2% (reference range: 4.2—6.2%), casval blood ghi-
cose 146 + 64 mg/dl total daily msulin conswmption
4354179 U The distribution of neurcpathy subgroups
according to the total Ewing score was as follows: no

CAN: n =350 (42%). early involvement: n= 51 (43%),
and definite /severs CAN: n = 18 (15%).

2.1.2. Subcohoris for infergroup comparison

In order to compare results (intergrovp comparison) of
singmlar tests and parameters of both methods—the refer-
ence method (standard battery of Ewing) and short-term
spectral analysis—we selected from the whole above de-
scribed cohort three patient groups with different stages of
neurcpathy, each of 17 patients. Selection was performed
according to the total Ewing score by matching for age,
gender, diabetes type, BMI and casval blood pressure
{Table 1).

2.1.3. Subcohort for assessment of time expenditure during
examination

Another subgromp was selected (first 26 patients as
presented for the examination) in order to estimate the
time expenditure required for performing the Ewing bat-
tery and /or the PSA of HRV (not including the prepara-
tory phase, accounting for 15 min before each type of
examination).

2.2, Experimental procedure and clinical setfing

All patients gave thew mformed consent. The subjects
were requested to refrain from smoking and coffee. tea,
alcohol and other sympathommetics administration within
the last 12 b as well as to maintain their nsual diabetes-re-
lated medication and nutrition. Particularly intensive self-
monitoring was reguested to avedd casual, subelinical hy-
poglycaemia. In case of self-momtored values below 70
mg /dl or clinical hypoglycaenua within the last 12 b, the
examination was postponed.

The examinations were performed in a quiet. slightly
illuminated room with a constant temperature of 23°C,
between 8:00 am and 1:00 pm Speaking or physical
activities not gelated to the testing procedure were not
permifted. Patients were requested to lie down quietly for a
preparatory phase of at least 15 min to exclude relevant
emotional or external influence on the autonomic system
Only after this resting phase that the data acquisttion was

Table 1

Clinical characteristics of patients { x + SD) grouped according to total Ewing scaore

Matched variables No CAN Early CAN Severe CAN
n 17 17 17

Hba,, (%) 68400 71+09 60116
Age (years) 520+07 534105 5281107
Grender (£ /m) 9/8 L o/8

Type 1,/ Type 2 disbetas 14/3 14,3 14,3
Driabetes duration (years) 223+ 132 36+ 148 21.2 1101
BMI (kg/m’) 2574136 250+ 3.4 258442

EP sys. /diast. (mmHg) 125+ 197519

126+ 10/75 £ 6 134 23/741 10

Mo sigmificant differences between groups.
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Table 2
Intergroup comparison for parameters of Ewing battery

nao CAN A aarfy CAM B severa CAN C
I-E differenca (beats) I8 +87 w 136+77 LN 382435 ko
Walsalva rado 15+02 l4+02 LR 12401 *am
30:15 ratio 11+01 lo+01 10+ 00 -
AsBP (orthostatic load; mmHg) —T2+80 LR 594102 =an 1744+ 70 R
AdRP (handerip test; mmHg) 36+114 163 +58 200+173

P2 0.05; «+ P00]; ¢4« P <0001

A comparison of groups early CAN vs. no CAM; B: severe CAN vs. early CAN; C: severe CAN vs. no CAN.

started. Both examinations. the Ewing standard battery and
short-term PSA of HREV were performed consecutively in
random order in a diabetes outpatient department beyond
the usual routine.

2.2.1. Standard battery of cardicvascular autonomic fime-
fion fests

CAN was assessed by standard battery of cardio-
vascular reflex tests. 1.e. blood pressure and/or heart rate
responses to standardised stimuli (American Diabetes As-
sociation, 1996; Ewing et al., 1985) including deep breath-
ing, Valsalva manoeuvre, orthostatic load and sustained
handerip. Each borderline test was scored with 0.5, a
pathological result as 1.0 score, so that the maximal given
score (= total Ewing score) in case of severe automonic
neurcpathy could be 5.0, Age-related thresholds for bor-
derline and pathologic values were applied as previously
described (O'Brien et al. 1986; Ziegler et al. 1992).
Diabetic patients with total Ewing score of 0-0.5 were
considered as those without CAN. patients with score of
1.0-2.5 as with early CAN and those with score 3.0-5.0
as with definite /severe CAN (Ewing et al.. 1985). In this
way, the Ewing standard battery of cardiovascular amto-
nomic function tests was considered as a reference method.

A coff sphygmomanometer was used to measure blood
pressure. A fall in systolic blood pressure of 10 mmHg or
less, assuming an erect postore, was defined as normal a
fall of 11-29 mmHg as borderline. and 30 mmHg or more
as abnormal (Ewing et al | 1980).

2.2.2. Spectral analysis of heart rate variability

A computer-aided examination and evalvation system
VariaPulse TF3 (Sima Media, Olomouc, Czech Republic)
was used for telemetric on-line transfer and analysis of
HEV in time- and frequency- domain A measurement
system monitored continmously a surface ECG with a
resolution time of 1 ms (Salinger et al., 1995). The data
were telemetrically (infrared-light radiation) transferred

into a receiver connected to a PC-compatible computer and
displayed on-line together with an instantansous spectral
curve on a monitor. Each dataset was filtered avtomatically
by excluding recorded artefacts nsing a recognition algo-
rithm  and manually as well Computational method was
based on fast Fourter transform meodified by algorithm of
Coarse graining spectral analysis (Yamamoto and Hugh-
son, 1991). That allowed to discard a broad-band nonhar-
monic ‘noise’ contanunating particularly the lower fre-
quencies (1 /f component). The final results were immedi-
ately displayed on the moniter as three-dimensional mn-
ning spectra, permitting a general overview on dynamics
and on absolute energy contents of the system. We used
three consecufive examination positions supinel—stand-
ing—supine? (adapted after Bellavere et al. (1992), Fiz. 1)
and calculations were made for every position on 256-
beat-window basis. Parameters of frequency-domain were
observed in every position within the high-frequency band
(0.15-0.50 Hz) which has been attributed exchusively to
parasympathetic tone (Hayano et al., 1991), and within the
low-frequency band (0.05-0.15 Hz) which s said to repre-
sent (although still equivocal; Eckberg, 1997) combination
of sympathetic and parasympathetic effects on cardiac
autonomic tone (Pagani et al, 1993). Main outcome vari-
ables were spectral power and power spectral density
(peak value) in both frequency bands and coefficient of
component variance (CCV) (Hayano et al, 1990b). To
increase the reliability of short-term measurements for
assessment of global autonomic tone. we considered cumm-
lative indices (spectral power of total frequency band
JLFHF cumpower/ with its high /HF cumpower/ and
low frequency /LF cumpower/ compeonents over all three
positions) representing the total averaged area under all
consecutive spectral curves within the short-term recording
{(Howorka et al., 1997). Standard deviations were calcu-
lated for each parameter and findings bearing more than
30% relative standard deviation within any of positions
recorded were not considered to be representative. In those

Fig. 1. Typical patterns of shori-term speciral analysis of HRV in three consecutive pesitions, 236 heart beats each (oo time axis z: T1 = supinel,
T2 = standing, T3 = supine? ) in female diabetic subjects: in 3 patient without CAN (upper panel; total Ewing score 0.5, age 43, diabetes duration 14
years), in another one with early involvement (total Ewing score 1.5, age 34, diabetes duration 13 years) and in one with severe CAN (lowest panel; total
Ewing score 4.0; age 47, diabetes duration 33 years). Vertical axis: power spectral density [ms” /Hz], horizontal axis: centre frequency [Hz], r-axis: time

[s]

68/172



158 I Howorka et al. / Journal of the dutonomic Nervous System 69 (1995) 164-172

cases, the examinations were repeated on another occasion.
Calewlations of tume-domain analysis were made as well
for consideration of Mean square of difference of succes-
sive R—R intervals (MSSD).

2.3, Stafistical analysis

For the analysis, standard statistical packages (SPSS,
Statistical Package for the Social Sciences V2.2 SPSS,
Chicago, USA and SAS V6.07, SAS Inst, Cary, NC,
USA) were vsed. The examination of normality was per-
formed with Kolmogorov—Smimov goodness of fit test.
For the comparison of multiple groups. a one-way analysis
of variance with post hoc comparisen was used. Student’s
t-test, with level of significance adapted for multiple com-
pansons. or Mann—Whitney [-test. if appropniate. were
applied for estimation of sigmficant differences between
groups. For forther selection of parameters of HEV with
the highest impact. discrininance analvsis was applied: the
impact of individual parameters is given as percentage of
explained variance. Factor analysis (principal component
analysis, Varimax rotation) was used to define the func-
tional relationship between vanables. For the comparison
of time expenditure required for performance of both
methods nsed. a paired f-test was applied. Becanse of the
skewness of the frequency-domain data distribution. log
transformation was used to produce a normal distribution
before the statistical analyses were performed.

3. Results

3.1. Discrimination ameng diagnostic groups by both
methods

The mtergroup comparson of the main parameters of
the Ewing fast battery (Table 2) reveals statistical differ-
ences for inspiratory/expiratory difference obtained dur-
ing the deep breathing test and for the decrease of systolic
blood pressure in orthostatic load.

In the intergroup comparison of the main parameters of
short-term spectral analysis of HRI" (Table 3a), cumula-
tive spectral power of total frequency band /ln(I FHF
cumpower),/ and of low-frequency band /In(LF
cumpower),/ over all three positions, as well as spectral
power and power spectral density in low frequency band
durng both supine positions proved to be sufficiently
selective by discriminating among all patient groups. The
analysis of HEV in time-domain (Table 3b) while using
this method revealed no sufficient selectivity for MSSD
and the mean of R—R intervals, lacking the discrimination
between the groups with no and early CAN. In the whole
investigated diabetic population. a nearly linear functional
relationship between the Ewing total score and loganthmie
values of cummlative spectral powers of low and high
frequency bands /In{lLFHF compower)/ (n= 119, r=
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Table 3

{a) Interzroup comparizon for parameters [Infms®)] of frequency domain
analysis of heart rate vanability

no CAN A4 aariy CAMN B savare CAM C

In spectral power — cumulative indices (Supine 1+ Standing + Supine 2}

Total Cumpower 74109 =+ 671046 ses 52411 ==
LF Cumpower 67+09 s+ 5SE+08 ++s 44415 s
HF Cumpower 63+12 58410 wws 44412 s
In spectral power

Supine 1

Total Power 64407 =+ 57407 sws= 44410 LS
LF Band 56408 s+« 47408 +s+s 33+14 LS
HF Band 55111 40410 += 37+12 e
Standing

Total Powsar 59+11 52410 «+ 41411 s
LF Band 56111 = 48400 4+ 34415 e
HF Band 41114 36115 28112 X
Supine 2

Total Powsar G6+08 s+« 58406 sss 46409 LS
LF Band 58107 =+« 47308 s+« 35+16 e
HF Band 57+12 51408 ++s 38+11 e
In power spectral density

Supina 1

LF Band BEX09 =+ THBF08 +4+= 55£13 e
HF Band 84111 76111 »e G4+14 e
Standing

LF Band 87413 794098 ++ S6+15 e
HF Band 68113 62114 54113 X
Supine 2

LF Band B9+07 s TOF+10 s+« BTL15 s
HF Band 85110 B804+10 ++ 67114 e

(b) Intergroup comparizon for parameters of time domain analysis of
heart rate varishility (One-Way ANOVA, post hoc tests, Alpha = 0.05)

mo CAN A aarly CAN B severe CAMN C
Supine 1
R-R 0e1+018 0.87+0.13 0.83+013
interval (s)
MSESD*® 907440305 65301417342 s+ 142841261 ==
{ms™)
Sumding
R-R 0.771£0.15 0.75+0.10 0.741+013
interval (s)
MESD* 5262 +827 4247+ 10044 = 069 +1197 +ss=
{ms?)
Supine 2
R-R 0924017 0801012 0841013
interval (s)
MSED® 14472415508 630345518 =++ T6H+1727 +ss=

(ms*)

s Pa2005; »s P00 »ss Pz 0001

A: comparison of groups early CAMN vs. no CAMN; B: severe CAN vs.
aarly CAN; C: severe CAN wvs. no CAN.

“Mean square of mccessive differences of B- R intervals (Mann—Whit-
ney UV-Wilcoxen Rank Sum W otests).

—0.87, P < 0.001, Fig. 2) as well as of low (r= —0.82,
F<0.001) and high frequency bands (r= —0.75, P<
0.001) was found. A significant comelation of ln(LFHF
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Fig. 2. Relationship betwesn the Total Ewing score (vertical axis) and curmulative spectral power of toral frequency band (horizontal axis) in the whaols

unsalected disbetic cohort (n = 112).

cumpower) with age was present only in the diabetic
subcohort with no CAN (n= 350, r= —0.56. P<0.001,
Fig. 3). The presence of early (n =51, r= —0.08, N.S,
Fig. 3) or definite CAN (n = 18, r= —0.06, N.S., Fig. 3)
fully abolished this relationship.

3.2. Factor analysis

In short-term PSA of HRV. the variables of frequency-
domain were grouped by factor analysis into four indepen-
dent factors which altogether explain 91.2% of variance.
Factor 1 describes the dimension low frequency band and
explains 70.2% of varance. The second factor describes
the dimension high frequency band and explains 9.8% of
vanance. The third factor describes the dimension stand-

5 ¢ e -
|SEVERE CAN

Curmulative Spectral Pawer of Todal Frequency Band [In ms’l
=

= e e e omie -
e

ing and explams 6.5% of variance. The fourth one repre-
sents the dimension coefficient of component varviance
(CCV) and explains 4.7% of variance. The partial compe-
nents of the mentioned factors are given in Table 4.

3.3. Analysis of discriminance

The wvariables of short-term PSA of HEV allow to
discriminate between groups with different degrees of
cardiac denervation as categorised after the total Ewing
score ( y°=192.3; df=44; P<0.001). The most rele-
vant parameters were those of cummulative spectral power
of total frequency band, total spectral powers in supine
positicns, and spectral powers of low frequency band in
both positions (Table 5). About 83 2% of cases classified

&
o
== T ¥ e s s e
a
- o
o
L]
2 o
50 55 &0 65 7 75

hige [years]

Fig. 3. Relatonship between patient age (horizontal axis) sand cummlative spectral power of total frequency band (vertical axis) (r = 0.56, P < 0.0001), in
the patients with no CAN (n = 50, total Ewing score < 0.5, r= —0.56, P < 001, comtinuous [ine/square symbois), with early CAN (n = 51, total
Ewing score =< 2.5, r= —0.08, P=N5., dashed line/riangle symbols) and in those with definite /severe CAN (n = 18, total Ewing score = 3.0,
r= —006, P=MNS5_ dofed line /circie symbols) from the whole described disbetic cohart {r = 119).
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Table 4
Factor analysis

Fact

orl

Factor 2 Factor 3 Factor 4

LN Density Low Fraquency Band Supine?
LK Power Low Frequency Band Supinal
LN Density Low Frequency Band Supinel
LK Power Low Frequency Band Supinal
LK Density Low Fraquency Band Standing
LN Power Low Frequency Band Standing
CCV High Frequency Band Supine?

LK Power High Fraqnency Band Supinel
LN Density High Frequency Band Supinel
CCV High Frequency Band Supinel

LN Density High Frequency Band Supine?
LK Power High Fraquency Band Supinel
LY Power High Frequency Band Standing
LN Density High Frequency Band Standing
CCV High Frequency Band Standing

CCV Low Frequency Band Supinel

CCV Low Frequency Band Supine2

LN Total Cumpower Sup.l + 2 + Standing
LK Power Total Frequency Band Supinel
LN Power Total Frequency Band Supina?
LN Power Totzal Frequency Band Standing

0.83
0.82
0.81
0.81

0.74

065
0.62
0.63
060

0.84

0.83

0.83

0.83

0.82

0.82
0.81
0.80
0.78

0.75
060
0.68
066
0.69

Significant comralations for 117 degrees of freedom (r > 0.195, P < 0.05; r2>0.254, P<001; r> 0321, P < 0.001), two-tailad test.

Table 5

Amnalysis of discriminance (matrix of strocture)

LN Total Cumpower Supine 1+ 2 + Standing
LK Power Total Frequency Band Supinel
L} Power Total Frequency Band Supinal
LN Power Low Frequency Band Supins?
LN Power Low Frequency Band Standing
LN Density Low Frequency Band Supine?
LN Power Total Frequency Band Standing
LN Density Low Frequency Band Standing
LK Power High Fraqnency Band Supine?
LN Density Low Frequency Band Supinel
LN Density High Frequency Band Supinel
LN Power Low Frequency Band Supinal
LN Density High Frequency Band Supine
LK Power High Frequency Band Supinel
LN Density High Frequency Band Standing

Coeff. of Component Vanance High Frequency Band Supine?

LY Power High Frequency Band Standing

Coeff. of Component Variance Low Frequency Band Standing
Coeff. of Component Vanance Low Frequency Band Supine?
Coeff. of Component Variance Low Frequency Band Supinel
Coeff. of Component Variance High Frequency Band Standing

0.74

0.58
0.55
0.54

0.38
0.38
0.36
0.36
0.33
0.27

Table §

by short-term PSA of HRV using the variables selected by
analysis of discriminance was congment with the classifi-
cation by the total Ewing score alone (Table ). As can be
derived from the predicted group membership table (Table
6), the specificity of shori-term speciral analysis of HEV
for severe nenropathy (positive result of test in existence
of severe CAN) iz 0.89; whereas, the sensitivity (negative
result in nonexistence of severe CAN) is 0.82 if the
definition of “existence’ of severe CAN would be based on
total Ewing score.

3.4. Practicability of both methods i routine measure-
ments

As in our setting, where the use of both methods was
computer-aided, it was possible to estimate exactly the
time expenditure required for the performance of each
examination. The mean time (excluding preparatory phases
and /or pavses needed for explanations) for the perfor-
mance of Ewing standard battery was 314 4 9.6 and
1354+ 22 min for the short-term PSA of HEV (p <

Predicted values as defined by the vartables of analysis of discriminance versus the categorization by Ewing score

Group (Ewing scorz) Predicted group membership {Spectral analysis of HEV)

Acmal group No. of cases no CAN aariy CAM sevare CAM
no CAN 50 40 (30%) o (18%) 1 (2%
early CAN 51 5 (9.8%) 43 (84.3%) 3(5.9%)
severe CAN 18 1] 2{11.1%) 16 (28.0%;)

Percentage of “grouped’ cases correctly classifisd: §3.2%.
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0.0001). Moreover, the latter method proved to be more
stress-free and almost mdependent from patient coopera-
tion in comparison to Ewing standard battery.

4. Discussion

Similar to previous investigations (Ewing et al. 1983),
our study wsing Ewing battery also identified two major
indices of autenomuic failure: (1) reduced inspiratory/ex-
piratory difference, an index of cardiovagal activity. and
(2) fall of orthostatic blood pressure during standing, an
index of adrenergic fonction Owr data, however, show that
the reliable discrimination between no CAN and early
involvement in diabetes requires application of the whole
Ewing battery and not only selected tests (Gelber et al,
1997). Moreover, ‘classical’ time-domain parameters as
MSSD and averaged R-R interval were alse not sufficient
to disciminate between the above mentioned patient
groups. In contrast, the use of short-term PSA of HRV
allowed the reliable discrimunation among all subgroups.
This diagnostic discrimination has been currently shown to
be of extraordinary importance as early stages of cardio-
vascular denervation in diabetes seem to be reversible
(Howorka et al, 1997),

The multiple correlation between variables of PSA and
Ewing battery was high and even over 83% of cases was
classified in an identical way by both diagnostic methods.
The differences in predicted membership might be due to
even higher sensitivity of PSA to imitial cardiac denerva-
tion in comparison to the Ewing battery. confirming previ-
ous similar findings (Comi et al. 1990; Yamasali et al.
1991). Similarity in predicted membership by both meth-
ods 1s particolarly relevant for our short-term approach, as
sufficient reproducibility of time and frequency-domain
analysis of HRV was found mainly for long-term record-
ing periods (Kamalesh et al , 1995). Our study delivers one
more proof that short-term spectral measures of HRV can
also be considered for reliable diagnostic evaluation of
CAN in diabetes in everyday routine. It confirms previous
reports where immediate variability of short-term record-
ings was low (Freed et al, 1994) and short, 2- to 13-min
samples were excellent predictors of mortality and corre-
lated well with prognostically mmportant data from sus-
tained recording periods (Bigger et al.. 1993; Fei et al.,
1996),

The performance of the standard battery of Ewing
cardiovascular reflex tests requires appropnate equipment
(ECG device, sphygmomanometer, dynamometer for the
handgrip test, manometer for Valsalva load) which only at
first glance is simpler than the necessary PC-computer for
spectral analysis. Owr study demonstrates an easy and
reliable evaluation of neuropathy by computer-aided calcu-
lations.

Under routine everyday conditions in an outpatient
department. this method proved to be shorter, almost inde-
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pendent from patient cooperation and delivering mmedi-
ately a graphic information of the mstantaneouns autonomic
supply to the heart.

Further investigations are required to define /confirm
the optimal frequency ranges for extracting relevant infor-
mation about mstantanecus autonomic control of the heart
(Jaffe et al, 1993), to improve understanding of the out-
puts of different frequency bands (Eckberg, 1997, Pagani
et al, 1993), reproducibility of the short-term PSA of HRWV
(Coats, 1005, Freed et al, 1994; Huiluri et al. 1900;
Toyry et al, 1993) and to define factors which might
reduce the reproducibility such as concomitant medication
{Jokkel et al., 1995), outritional state (e.g. fasting, Pumprla
et al., 1996), and the use of common sympathomimetic
substances like coffee, tea, alcohol or cigarettes (Hayano et
al, 1990b). Further investigations—including those in
healthy population—are required to define confidence in-
tervals for the main variables defined by our study.

This mnwvestigation showed that short-term PSA of HEV
15 of simmlar diagnostic value as the Ewing battery concern-
ing the presence of cardiovascular autonomic neuropathy
in diabetes. This instrument. with its mmdices of ceomlative
power corresponding to the total Ewing score, proves to be
a practical tool for screening purposes in a large popula-
tion of diabetic patients. The index of overall cunmlative
power [In{LFHF cumpower)] was not conceived to re-
place Ewing battery but it could be vsed similarly to the
total Ewing score. The proposed cummlative indices are
representative for the actual global state of autonomic
regulation and reflects the total of all mstantaneons sympa-
thetic and parasympathetic effects. Graphic display of
short-term spectral analysis illustrates the autonomic bal-
ance with its specific fonctional components even better
than the reference method However, for the assessment of
the degree of orthostatic hypotension and further differenti-
ated consideration of autonomic influence, the perfor-
mance of Ewing standard battery with the application of
other approaches (e.g. variations of blood pressure) might
be helpful

Further investigations are required to promote its nse in
everyday clinical routine for evaluation in diabetes.
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3.3. Vyvoj a validace analytickych standardd k posouzeni HRV: posouzeni

odlisnosti v autonomnich regulacich pfi hypoglycemia unawareness syndromu

Uvod: V souvislosti s ndlezem vyznamného podilu dosud asymptomatickych diabetickych
pacientl s pocinajici CAN jsme se zaméfili na problematiku vnimani a reakce na hypoglykemii
(,hypoglycemia unawareness syndrome”). Tato problematika ma fadu zdvaznych klinickych a
socidlnich souvislosti, pficemzZ postihuje cca 5-10% pacient( predevsim s diabetem mellitus
typu |, u nichz jsou vykyvy v priibéhu glykemie vyznamné vyraznéjsi nez u typu Il. Zatimco
klinicky mirna hypoglykemie 2x tydné je defacto nepfimou zndmkou dobrého nastaveni
kontroly diabetu (Howorka 1996, 2001), a vede maximalné k socialné slozZitéjSim situacim pfi
oblenéném védomi pacienta, klinicky zadvazna hypoglykemie s kvantitativni zménou védomi
muZe vést k Zivot ohroZujicim situacim, pficemz se odhaduje, Ze 6-10% pacientd s porusenym
vnimanim ptiznak( hypoglykemie na tento klinicky problém zemfie (Reno 2013).

Cilem nasi prace bylo posoudit, zda existuji rozdilné modely autonomnich kontrolnich
regulaci u pacientl se zachovalym vnimanim hypoglykemie a s porusenou schopnosti reakce
na podhrani¢ni snizeni glykemie (problematika tzv. , hypoglycemia awareness”). Porovnali
jsme dvé skupiny pacientl se zachovalou (,,+“, n=14, z nichZ 5 muzu) a porusenou (,,-“ n=13, z
nichz 6 muzl) hypoglycemia awareness, s pramérnym vékem 36+10/36+12 let, BMI
244223+2 kg/m2, trvani diabetu 16+9/17+8 let, HbAlc 7.3+1.0/7.6+1.0, denni celkova
spotfeba inzulinu 49+14/42+13 IU, s celkovym Ewing skorem 0.3+0.1/0.2+0.2.

Vysledky: Bylo provedeno vysSetreni kratkodobé HRV dle modifikovaného ortostatického
testu a data analyzovdna ve spektrdlni doméné s naslednymi vysledky (skupina (+) se

zachovalou vs.skupina (-) s porusenou hypoglycemia awareness):

LF band cumulative spectral power (x+SEM: In[m52]=7.810.3 vs. 7.0+0.3, p=0.048),
LF band cumulative coefficient of component variance (3.5+0.4 vs. 2.5+0.3, p=0.047)
centroid frequency of LF band vestoje (81.8+6.1 vs. 65.7+4.2 mHz, p=0.036).

Zavér: Zjistili jsme, Ze ve srovndni se skupinou bez dysfunkce (+), skupina pacientl s
porusenou schopnosti vnimat hypoglykemii (-) vykazuje sniZzeny spektralni vykon a nizsi
centroidni frekvenci v oblasti LF band (prevazné sympatikonie). Jako moziné vysvétleni se
nabizi zpomaleni a snizeni kontraregulaéni sympatikotonni odpovédi na pfichod

hypoglykemie, coZ odpovida klinickému nalezu u této ohroZené skupiny pacientd. Typicky
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nalez HRV u téchto dvou klinicky odlisnych skupin pacient( je zndzornén na Obr.16.

3.3.1. Pumprla J, Howorka K, Anderer P et al: Reduction of low-frequency band spectral power
and centroid frequency in an analysis of heart rate variability in diabetic patients with

hypoglycemia unawareness. Diabetologia, 41, 1998, p. 1184 (Abstrakt). IF: 5.7
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REDUCTION OF LOW-FREQUENCY BAND SPECTRAL POWER AND CENTROID FREQUENCY IN
ANALYSIS OF HEART RATE VARIABILITY IN DIABETIC PATIENTS WITH HYPOGLYCAEMIA
UNAWARENESS
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Research Group Functional Rehabilitation and Group Education,
Institute of Biomedical Engineering and Physics,
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Aim

To compare patterns of spectral analysis of heart rate variability (HRV) in patients without and
with hypoglycaemia unawareness in diabetes.
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Patients

| Patient group Without history of With history of
severe hypoglycaemia severe hypoglycaemia
n (m/f) 14 (59) 13 (6/7)
Age (years) 36+10 36+12
BMI (kg/m?) 24.142.4 22.542.2
Diabetes duration (yrs) 1649 1748
Duration of FIT (yrs) 6.8+3.5 5.3+3.8
HbA;. (%) 7.3+1.3 7.6+1.0
Insulin consumption(U) 49+7 42+14
Microalbuminuria (ug/min) 4.5+2.4 7.0+7.5
Total Ewing score 0.3+0.7 0.210.4
Methods

Short-term spectral analysis of HRV in positions supine-standing-supine (each 300 seconds,
low-frequency /LF/ band 0.05-0.15 Hz, high-frequency /HF/ band 0.15-0.5 Hz, modified fast
Fourier transform, noise suppression using Coarse-graining algorithm by Yamamoto, 1991)
was performed under standardised conditions, using the commercially avai-lable telemetric
evaluation system VariaPulse TF3".

Results

When compared to those without unawareness, patients with hypoglycaemia unawareness
demon-strated a statistically significant decrease of

- LF band cumulative spectral power (x+SEM: In[msz]=7.810.3 vs. 7.0+0.3, p=0.048),

- LF band cumulative coefficient of component variance (3.5+0.4 vs. 2.5+0.3,
p=0.047) and

- centroid frequency of LF band during standing (81.8+6.1 vs. 65.7+4.2 mHz, p=0.036).

Conclusions

IDDM-patients with hypoglycaemia unawareness demonstrate lower spectral power and
centroid frequency in LF band when compared with those without unawareness.
One of possible explanations of this finding could be a slowing of rhythms and/or reduction of
heart rate control as depicted in LF band during short-term spectral analysis of HRV. Large-
scale study is needed to elucidate this interesting phenomenon.
Examination method:

Short-term power spectral analysis of heart rate variability obtained during a modified
orthostatic load (system VariaPulse TF3; positions supine-standing-supine, each 300 se-conds;
low frequency band 0.05-0.15, high frequency band 0.15-0.50 Hz). Computational method
based on fast Fourier transform algorithm modified by Coarse graining approach in order to
discard a broad band non-harmonic ,noise” (Yamamoto 1991). On-line display of
telemetrically (UHF transmission) measured ECG and instantaneous spectral curve with three-
dimensional graphics display of results immediately after the examination (s. above).

3-D graphics - description of axes:

Horizontal axis: frequency of fluctuations of R-R intervals [Hz]
Vertical axis: power spectral density [ms?/Hz]
z-axis: time relapsed [s]
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Main parameters - frequency domain:

Spectral power area under the spectral curves
Power spectral density amplitude of spectral curves
Ratio of spectral power low/high frequency bands
CCV (coeff. of component variance) relates power to instantaneous heart rate
Centroid frequency
Main parameters - time domain:

mean R-R interval

MSSD mean square of differences of successive R-R intervals
Results of spectral analysis of HRV

Patient group Without history of With history of
severe hypoglycaemia severe hypoglycaemia

x+SEM t-test x+SEM

Cumulative total spectral 8.4+0.3 0.09 7.8+0.3

power (LF+HF bands) [In(ms?)]

Cumulative spectral power  7.8+0.3 0.05 7.0+0.3

(LF band only) [In(ms?)]

Cumulative spectral power  7.5+0.4 03 7.0+0.3

(HF band only) [In(ms?)]

Centroid frequencies 82+7/249+19 0.70.9 79+57245+14

supinel (LF/HF bands) [mHz]

Centroid frequencies 82+6/196+13 0.04/0.5 66+4/193+15

standing (LF/HF bands) [mHz]

Centroid frequencies 96+6/252+20 0-20.9 84+7/253+15

supine2 (LF/HF bands) [mHz]

Obr. 16: Vyobrazeni dvou typickych ndlezii HRV u pacienta se zachovalou (n=13 pacientt, obrdzek
vlevo) a s porusenou (n=14 pacientt, obrdzek vpravo) schopnosti vnimdni hypoglykemie. Skupina
pacientl s porusenou awareness maji vyznamné nizsi spektrdlni energii a posun centroidni frekvence

nalevo (k nizsim, pomalejsim regulacnim frekvencim) v LF pdsmu

Rod.cis.: 9809080001 Window: 266= Date: 27,/03/96 Time: 03:53 pm Rod.cis.: 9809080002 Window: 256s Date: 12/12/96 Time: 11:04 am
Name: Good Hypo Avareness Test No 01F Name: Foor Hypo Awareness Test No 01F

PSD PSD

1000%ms2 /Hz 1000%ms2 /Hz

F1 Help
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3.4. Vyvoj a validace analytickych standardi k posouzeni HRV: modifikovany

ortostaticky pokus vs. zdiznam bez ortostatické manipulace

Uvod: Dal3im dalezitym aspektem pfi validaci metodiky bylo posouzeni p¥inosu délky
vySetfeni a ortostatické ¢i jiné manipulace ve snaze po zvySeni vypovédni schopnosti (kratko-
¢i déledobého) vysetfeni HRV, za zohlednéni nutné balance mezi narocnosti/zatézi
vysetfovaného probanda a diskriminaénim pfinosem testovaciho protokolu. Rada autord totiz
vyuziva pro zdznamy HRV kratsi zdznamy nez nasich 5 minut — napf. pouze 1-2 minuty (Weck
1997, Katz 1999), nicméné kombinované s manipulaci autonomnich regulaci napf. fizenym
hlubokym dychdnim, ¢imz ovSem vndsi do systému externi parametr systematizované
respiracni frekvence, ktery vyznamné rusi pfirozeny individualni podil parasympatické
regulacni vazby na HF frekvenénim pasmu. Jini autofi pak analyzuji nestandardizované
dlouhodobé zaznamy, pricemzZ za jeden z podstatnych faktorl poukazujici na autonomni
postiZzeni povazuji snizenou nocni aktivaci parasympatiku, ptipadné redukované cirkadianni
sympatovagalni variace (Spallone 1996). Bottini et al nalezl snizenou sympatoadrenergni
reakci béhem fyzické zatéZze na ergometru u pacientl s autonomnim postizenim (Bottini
1995).

Cilem nasi studie bylo srovnat nalezy HRV v pribéhu modifikovaného ortostatického
testu u 80 pacientd (IDDM n=72, vék 38+14 let) s dobre kontrolovanym diabetem (HbAlc
146% praméru normy) a bez prlikazu autonomni dysfuknce pomoci zlatého standardu,
Ewingovy baterie reflexnich testu, se vékoveé a slozenim srovnatelnou skupinou 150 proband
bez diabetu nebo jiného klinicky relevantniho chronického onemocnéni.

Vysledky a zavér: Nalezli jsme statisticky vyznamny rozdil (p=0.001) mezi hodnotami
spektralniho vykonu v LF spektru po ortostatické manipulaci u pacientl s diabetem vs.
zdravych probandl, pricemz ve skupiné s diabetem byla zpoZdéna/oslabena redukce
sympatikotonni odpovédi po ulehnuti, vyjadiena vyssim LF spektralnim vykonem. Tento nalez
Ize interpretovat — v souladu s dostupnou literaturou — jako pfiznak oslabené parasympatické
kontroly autonomni reaktivity v prlbéhu ortostatické manipulace, tedy jako pfiznak
incipientni parasympatické dysfunkce u pacientd bez jinak prokazatelného autonomné-
regulaéniho postizeni. V tomto smyslu je modifikovany ortostaticky test, aktivujici obé

autonomni regulacéni vétve, efektivni v detekci jiz minimdlniho postizeni. Ve srovnani s
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parametry individualnich 5-minutovych pozic, modifikovany ortostaticky test zvysuje
senzitivitu kratkodobého vysetfeni HRV. Navic je testovaci protokol jednoduse replikovatelny a
za dodrZeni obvyklych vysetfovacich standardd (vylouceni externich vlivi véetné pfipadné
hypoglykemie, odstup od posledniho jidla, vysazeni betablokr(i ¢i jiné pro HRV relevantni
medikace) i ¢asové (15 minut, leh-stoj-leh, 3x5 minut) uspokojivé realizovatelny v rutinnim

ambulantnim provozu.
3.4.1. Howorka K, Pumprla J, Jirkovska A et al: Modified orthostatic load for spectral analysis
of short-term heart rate variability improves the sensitivity of autonomic dysfunction

assessment. Journal of Diabetes and its Complications, 2010, 24 (1): 48-54 ). IF 1.9

(Origindlni publikace této prace in extenso zacina na ndsledujici strané)
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Modified orthostatic load for spectral analysis of short-term heart rate
variability improves the sensitivity of autonomic dysfunction assessment
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Abatract

Adm: To evahaie the inpact of orthostatic load for sensitivity of short-term spoctral analysis of hear raie vanability { HEV) assessment of
potential carly sutonomic dysfunction in diabetes mellius, Methods: Comparison of results of short-term ime- and frequency-domsain
anmalyzis of HRV during single positions and during modified orthostatic load {mupine |-standing—supine 2, cach position 300 =) in disbetic
subjoct with good glycemic control (=80, age 38+ 14, disbetes duration 16+ 10 years) and without awonomic neuropathy as sssessed by a
standand bedside reflex test batiery, and in nondiabetic controls (r=150, age 4013 years), Results: None of the short-iem frequency-doma in
parameters [sheolute and logarithmic (LN) values of spectral powers intotal (TF), low-{LF), and high-frequency (HF) bands and its centroid
froguencies] as obtained in single positons “supine”™ or “standing™ revealed a significant difference between well-controlled patients and
healty controls (P=3). However, during modified orthostatic load, significant differences in ALNTF ey 1 gz gy and in ALN Lo o
e 1 35 Well as in ALN LE, x valuwes between dishetic and healthy subjecs were recorded [—0.240.5 vs. —0L1+04 LN (ms,
P=05; -03+08 va. 01407 LN (ms”), P=001 and 02+10 vs. 0.4+0.9 LN (ms"), P=.05, respectively] with insignificant intergroup
differences in related centroid froguencies. This finding suggests a delayed recovery of LF spectral power in diabetic subjocts after orthostatic
challenge, Condudons: When compared with single position messurements, the modified onthostatic load protocol improves the sensitivity
of shont-term HRW examination. In well-controlled diabetic subjects withowt cardiovascular sutonomic neuropathy (as excluded by standand
cardipvascular reflex testing), the delayed recovery of LF band spectral power afier orthostatic load with standing up indicates diminishoed
parasympathetic activation.

& 2010 Elsevier Inc. All rights reserved.

Keywards: Antonomic newropethy; Spectral analysiz; Fleart rate varishility; Dizhetes melite; Onhosbatic st

1. Introd vetion

Cardiovascular autonomic neuropathy (CAN) in diabetes
mellitus is a typical late complication that is associated with
up to fivefold increase in mortality when comparaed with
digbetic patients without CAN (O°Brien, McFadden, &
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Cormll, 1991). Analysis of heart rate vanability (HRV)
allows mdirect assessment of cardiac autonomic control.
Evaluation of HRV pemnits the diagnosis of amtonomic
dysfunction in diabates (American Diabotes Assodation:
abetic Meuropathy, 1996; Maser & Lenhard, 2005; Vinik
& Mehrabyan, 2004; Ziegler et al., 1992) and nisk
stratification in congestive heart failure and/or comonary
heart disease (Adamopoulos et al., 1992; American College
of Candiology Cardiovascular Technology Assessment
Commuttes, 1993; Nolan et al., 1998; Task Force of the
European Society of Cardiology & North American Society
of Paang and Electophysiology, 1996). Clinical evidence
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was found for the association between inadence of lethal
arthythmizs and signs of an increased sympathetic and
reduced vagal activity (Kleiger, Miller, Bigger, & Maoss,
Multicentre Post Infarction Research Group, 1987; Malliani,
Lombardi, Pagani, & Cerutti, 1994; Priori et al, 2001). A
reduced HRV is an indicator of compromised health (Dekker
et al, 1997, 2000) and/or increased mortality in population
studies {Tsuji et al., 1996).

Analysis of HEV can be performed during a standardized
short-term examination procedure such as the battery of
bedside reflex tests (Ewing, Martyn, Young, & Clarke, 1985;
Opavsky, 1988), or using nonstandardized long-term data,
typically Holter 24-h ECG monitoring. The immediate
varability of short-term spectral measures of HEV was
found to be low (Freed, Stein, Gordon, Urban, & Kligfield,
1994). Moreover, short, 2- to 1 5-min samples were neported
to be evcellent pradictors of morality and were cormelated
with prognostically important data from sustained recording
pernods (Bigger, Fleiss, Rolmtzky, & Steinman, 1993; Fei,
Copig, Malik, & Camm, 1996). These studies suggest that
ensy applicable short-tem HREV amalysis may have an
important clinical mle. Early technigues for assessment of
HEY were based on simple evaluation of heart rate change
during stmdardized bedside meflex tests as proposed by
Ewing ct al. (1985) two decades ago. These tests are quite
robust but sometimes not sensitive enough for identification
of early stages of autonomic dysfinction where the
interventions towards restoration of mtonome contmol are
still possible and effective (Howorka, Pumpra, Haber,
Koller-Strametz, & Mondrevk, 1997; Howorks, Pumprla,
& Schabmann, 1997). Morcover, strong stimulus wsed to
evoke the single reflex may be mesponsible for tempomrily
changing the cardiovascular function that might significantly
influence the test result (Batin & MNolan, 1996). A newer
method, based on frequency/spectral analysis approach,
identifies harmonic, cvelical changes in heart rate coume
(Task Force of the Europemn Sodety of Cardiology & Morth
Amencan Society of Pacing and Electophysiology, 1996).
This allows to differentiate and to quantify the encrgy
content of both main branches of autonomic control, the
sympathetic and parasympathetic one. Due to high sensitiv-
itv, hence vulmembility, of spedtml methods to vanous
influences oceumring during the recording, it is necessary to
carefully stmdardize the examimation protoool (Howorka,
Pumprla, & Schabmann, 1998). Usnally, HRV obtained from
2- to 10-mimute recordings in a supine position is analyzed.
However, in contrast to the aforementioned conventional
bedside reflex test hattery, there is no widely accepted gold-
stndard examination procedure yet, despite recommenda-
tions made by the Task Force of the Eumpean Sociaty of
Candiology and Morth Amencan Sodety of Pacing and
Electrophysiology (1996).

The aim of our study was () to evaluate the cardiovas-
cular autonomic response as obtained during short-term
modified orthostatic load (Opavsky, 1988) in diabatic
patients without clinically obvious CAN, as well as (b) to
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comparne these results with nondiabetic controls. Speafically,
the effect of implementation of short-term orthostatic load
(standing up} is to be investigabed.

1. Patients and methods

In our outpatient databases, we identified a group of 80
diabetic subjects (for details see Table 1) with good glycemic
comtrol, wsing finctional insulin treatment—discniminating
between pandial, basal, and correctional insulin use—to
prevent neuropathic dysfunction (Howorka, Pumrla, Haber,
et al, 1997; Howorka ctal., 1997, 1998). These patients had
no clinical signs of any late disbetic complications. nclusion
criteria were (1) age between 15 and B0 years; (2) no
cardioactive medication such as beta-blockes; (3) no
evidence of heart disease, as assessed by history and physical
examination; (4) no evidence of concomitant disease or late
complication of dishetes that might interfere with quality of
autonomic control; (5) good meabolic control of diabetes,
with HhA e up to 175% of reference mean (=1008:); (6) no
hypoglyoemia during and up to 12 h before the examination;
(7) blood pressume under 15090 mmHg; and (8) body mass
index (BMI) =30 kg,l‘ml. Mondiabetic controls were selected
in accordance with the above nclusion critena.

The presence of CAN in diabetic subjects was assessed by
a conventional battery of crdiovascular reflex tests to
standardized stimuli (Bwing et al., 1985) including deep
breathing, Valsalva manever, and orthostatic load. Each
single test of Ewing s battery was scored with (0 when nomal,
0.5 when borderling, and 1 when out of age-related normal
values range (Bwing et al, 1985), summing up the total
Ewingscore. Dinbetic patients with total score of 0-0.5 were
free of detectable CAN and therefore digible for the study.

Short-term spectral analvsis of HEV was obtained from
recondings consisting of 256 s of artifact-free reconds each,
using & VanaCardio systan (Advanced Medical Diagnostics
Group, UK) (Salinger et al, 1999). High-resoluton one-
channel ECG was recorded and dentification of R-R imtervals
with sampling mte of 1000 Hz was performed to be
telemetrically transferred in a recetver commected to a PC-
compatible computer and displayed on-line together with an

Tahle 1
Climical charadenstics of sudy subjecis

Drizhetic patients
& yr=Ei
* Ape IREN4 years frange 1580 yeurs)
* Type | dizhetes: =72
# Dhzbetes duation: 146610 years
# Functionz] insulin treatment: =76
& HbA- 14&:21% of memn referencs range
& ender (Fmj: 46734
Momlizheic contrals
& =50
#* Age d(H13 years frange 15-72 yeurs)
& Gender (Fmij: R1/69
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Fig. 1. Principle of mezsrement of HEV: The mein princple of spectral
analysis of HRV is a decomposition of physiologically imegular course of
heant oie 23 identified by R-R imervals m BOG) and quanti fication of its
harmomic componan .

instntneous spectral curve on a monmior (Fig. 1), Computa-
tional method was based on fast Fourier transform (FFT).
R ecordings were obtuned in three positions { supme—standing—
supine). Each dataset was filtered automatically by identifving
artifacts using a recogmtion algonthm and was overread
manually, as well. Amifacts were labeled, and a specific
algonthm imputed beat-to-beat inervalks throughout an artifact
penod o preserve the tming relabionships of the adjacent,
uncormuptad heart rake dat (Liao, Barnes, Chambless, & Heiss,
1996, The final mesults were immediately displbved on the
monitor as three-<dimensional nmning spectm (Fig. 2). Pam-
meern of Fegueno-dommin HEV were measured in every
position within the low-frequency (LF) band (0.05-40.15 Hz)

i - e o

and high-frequency (HF) band (0.15-0.50 Hz), as well as total
spectral variabibity (TF). Main outcome vanables wens spedral
power [umit {ms”)] i both frequency hands. To assess even
small imtrandividual changes m global autonomic tone during
the tnal, we used cumulative ndices (spectral power of total
frequency band with its low- and high-frequency components
over all three positions;, Howorka et al, 1998), Standard
deviations were calculated for every parameter as this
infiormation was necessary for assessment of stationanty durmg
the examination, We excluded the findngs demonstrating more
then 30%% relabve deviahon in any of positons recorded. In
those cases the examnabons wore repeaksd. Time-domain
analysis included the avemped B-R interval (ms) and moot of
mean square of difference of successive B-RE intervals ms,
Bocauwse of the skeamess of the frequency-doman data
ditribution, kog (LN ) transformation was performed to produce
a nomal distribution before the final results were analveed.

2.1 Staristical analysis

Statistical analysis was performed wsing standard smtistical
packages (Statistical Padcage for the Sodal Sciences v, 100,
SPSS, Inc., Chicago, [L, USA). Two-talled unpaired Student’s
1 test was applied to estimate differences between groups. Data
are presented as means+S. D, unless otherwise indicated.

3. Resualis

Mone of the shon-term fregquency-doman pammeters
[absolute and logarithmic (L) values of spectral powers
total- (TF), low- {LF), and high-frequency (HF) bands and its
centroid frequencies] as obtaned in single positions “suping™

il

oo

| [k}

SYMP.
(+PARASYMP.)

oo 0l L] 0z

PARASYMP.

- %" supine
standing
& supine

04 Hs

Fig 2. Thee-dimenzional disply of HEV patern = obteined during 2 mexdi fied orthostatic load (stndaxlied assesmment by VeriaCardio TF4 in positions
supine—stending—amine, axch peition 5 mdn ). Fori zontal axds: frequency of luctiations of B-Rimenvals (Hz; vertio] axis: power speaml density {mr-'.'TIz;: o

axis: time relapsed ().
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Standing

g
E ﬁ
E G0 Pa .00

Supine 2

Supine 1

Fig. 3. Dymamic changes of spectel power in low-frequency bhand
{prdominantly sympethetic comiral) durng the medified orthostetic load
{in pasitions sumine | -slanding—supine 2). Dhamonds—dizhetic subjeds;
cixlernondizhetic amntrals.

or “standing” revealed a significant difference betaresn well-
comrolled patients and healthy controls (P=3). However,
during modified orthostatic load, significant differenoes in
well as in ALN LFjuaging —supine 7 values betwesn diabetic
and healthy subjects were recorded [—0.240.5 vs. —0.150.4
LN (ms”), P=05; -0.3:0.8 vs. 0.10.7 LN (ms"), P=001
and 0.251.0 vs. 0.4+0.9 LN (ms"), P=.05, mespectively;
Figs. 3 and 4], despite no significant imergroup differcnoes
in melated centroid frequencies. Cther nonsignificant results
are displayed in Table 2.

4. Discussion
Analvsis of HRV is a well-established tool in cardiology

and disbetology. Important environmental and physiological
factors should be considered in interpretation of HEV

7.8

Standing

Supine 1

LM e
oh
In

Suping 2

3,5

Fig. 4. Dymemic changes aof spectral power in high-frequency band
(perzsympethetic comtral ) during the modified orthadatic load (in peikns
supine | stnding—supine 2). Diamands=dizhetic subjects; circles=—mon«dia-
betic contrals.
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Tahle 2

Diffarences. betwesn single postural poeitions (perameer ALMN spectral
power) in TF, LF, and HF bends 2= obtained in groups of dizbetic subjects
() and nomdizhetic contrals (mon=D%)

DM n=80) Mon-DM (m—150) F

Supine 1 va supine 2

TF 02405 0.1:0.4 05

LF 03408 0.140.7 L

HF 03406 02405 NS
Zupine 1 va standing

TF 03+09 03408 NS

LF 05+1.1 0408 N5

HF L1+12 11409 N5
Standing v= supine 2

TF 0.5+:09 0408 N5

LF 02:+1.0 0.4:0.9 A5

HF 14412 1310 NE

pattems. Typically, the effect of aging on autonomic nervous
systemn cardiac control is progressive and continuous
thmughout an 18- to 80-year age mnge (Fluckiger, Boivin,
Quilliot, Jeandel, & Yarmad, 1999). Interesting by, Goto et al.
(1997 reported that while the HF component—as an index
of autonomic tone—increased significantly with age from 3
to 6 years, it decreased with age from 6 to 15 yeams.
Additionally, gender and BMI have been reported by some
authors (Fagard, Pandams, & Stasssen, 1999; Stein o al.,
2008) to have an effect on HEV pattern. Further environ-
mental and physiologcal factors, such as temperature,
position, respiration rate, drcadian rhythm andior postpmn-
dial changes, physical exercise, ac. (Bellavers ot al,, 1996;
Bottini et al., 1995; Howorka, Pumprla, Haber, et al., 1997;
Howorka et al., 1997), might play a role in autonomic
comtrol, as well, and it is therefore preferable to evalmte the
autonomic control in response to a stndardized manipula-
tion pmotocol mther than in a single, steady position
(keselbrener & Akselrod, 1998). Furthemmore, previous
investigations with prolonged measurements of HEV in
young nsulin-dependent subjects have shown virtually no
abnomalities in parasympathetic or sympathetic circadian
patterns of heart rate contmo| (Hoffman & Kienzle, 1996). We
could reveal such differences vs. haalthy contmols exclusively
while including a standardized orthostatic load for improve-
ment of sensitivity of short-term HEV methodology:

In our previous study, we explored pattems of HRV in a
group of diabetic patients withowt CAN and in nondiabetic
contmols (Pumprla et al., 20000 Comparison of data
obtained in a single positon suping or standing did not
reveal my significant difference so that well-controlled
digbetic patients were assumed to display virtually normal
pattern of mtonomic control. However, it is known that
baroreflex sensitivity 15 reduced in type 1 disbetes with
microalbuminuria but without autonomic neuropathy as
assessed by standard bedside tests (Lefrandt ot al, 1999).
Patients with relatively well-contmolled diabetes mel litus
with nommal reaction to deep breathing test (2-min test;
respiration rate, 6/min) did not activate the sympathetic
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baroreflex loop during orthostatic challenge (Weck ot al,,
1997). In disbetic patients with increasing degree of
autonomic neuropathy, thers was o progressive redudion
of day-to-might change in HF/LF mtio of HRV spectrum and
reduction of LF during the day. Furthermore, in this study
the day LF spectml power was related to postural change,
demonstmting that in disbatic patients with increasing
autonomic damage, there is a bhnted nocturnal increase of
vagal activity and lower arcadian variation in sympatho-
vagal balmee (Spallone et al, 1996). Moreover, dunng
exercise, heart rate, systolic blood pressune, norepinephrine,
and epinephrine incresses were significantly bhmted in
dighetic patients with mitonomic neuropathy with sympa-
thetic and parasympathetic damage (Bottim o al, 1995).
Already m 1987, DeBoer, Karemaker, and Stmckee (1987)
described using their beat-to-beat computer model of the
cardiovascular system the 10-s thythm in heart mte and
blood pressure variations as a simple resonance phenom-
enon due to the delay (prolonged phase shift) in the
sympathatic control loop of the baroreflex. Recently, it has
been confirmed that the changes in baroreflex deday may be
explained by the changes in parasympathetic modul aton
alone (Simek et al., 2002, All these facts confinn that the
choice of natural, orthostatic challengs in the second part of
our short-term HRY investigation is the best choice for easy
applicable test standardization.

In the present study, we compared groups of diabetic
patients without cinical sims of CAN as assessed by
stndard tme-domaim bedside reflex tests with nondiabetic
controls that did not differ in their main chmcal character-
istics. In contrmst to other authors relying on HRV
examination based on a single position protocol or dunng
24-h nonstandardized ECG-Holter recondings, in order to
obtain maximum information on the cardiac autonomic
comtrol in our subjects within a relatively short test, we nsed
physiological provocation in form of 2 modified orthostatic
load whem subjects are measured dunng supine, active
standing, and supine positions, each for 300 s (Pumprla,
Howorka, Groves, Chester, & WNolam, 2002). This test
procedune has already been thoroughly evaluated for validity
(Howorka et al., 1998). In the present study, however, we
focused on dynamics of HRV patterns observed dunng
postural change. This demonstrated significant differences in
reactivity of autonomic response between diabetic patients
without CAN (assessed by robust albeit less sensitive
method) and nondiabetic controls, suspecting a significant
role of a prolonged phase-shift phenomenonin an eary onset
of diabetic CAN.

Mormal HRY wvalues have been explored by many
researchers. Among the fimt mthors, Bwing et al. (1985)
established reference values for the battery of time-domain
cardiovascular reflex tests o 1985 While thers 15 no
particular discrepancy between results of nomative studies
in time domain—dependence on age being the only
exception (Dhchl, Linden, & Bedit, 1997; Zegler ot al.,
1992 }—meference values based on analysis of frequency-
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domain HRV data using vanous devices reveal often
significantly different mesults. This has been confirmed also
in comparative studiss, wsing a single R-R ime series being
analyzed by various HRV analysis devices, Although both
main methods [i.e., FFT and mtoregressive modeling (AR))
used in frequency-domain analvsis at present deliver
clinically similar information (Hartikainen, Tahvanaimen, &
Kuusea, 1998), the commerdally available devices differ in
data pre- and post-processing methods (Garcia-Gonzalez, M
Fernandez-Chimeno, & Ramos-Castmo, 2004). According to
Chemla e al. (2005), due to higher uncertainty of AR
estimates (particulady model onder, phase dependency, or
tail effect) when compared with FFT, for shortterm HREV
messurements in patients with dishetes the FFT analysis
method should be prefersbly used. Furthermaore, attempts to
improve the HREY information by adapting the FFT (ag., by
coarse-graimng process that allows extmetion of nonlines-
rities located around 1/f of the spectnom; Yamamoto &
Hughson, 1991) produce further—albeit sometimes only
slight—differences in the results. These facts, together with
the application of a vanety of ecamination protocols—when
compared with smctly standardized bedside reflex test
battery ( Ewing et al., 1985 }—produce the conflicting results
seen in some studiss regarding the wsefiulness of a spectral
analytical approach (Bellavere et al., 1992; Wawryvk, Bates,
& Couper, 1997). In our project, we studied patients as well
a5 contmols using the same method to prevent any protoco -
dependent variability in our results.

Similardy to older, more complicated, and device-
intensive procedures or more tme-consuming methods
for assessment of HRV, we identified—using a short (15
min), wellstandardized, and easy-to-perform test—a sig-
nificant difference in autonomic response between diabetic
subjects without climcally detectuble CAN and healthy
comtrols. The delayed response in reduction of LF spectral
powver during the orthostatic manipulation from standing to
suping position might be interpreted a5 an eady sign of
blnted pamsympathaic control in diabetes mellitus with
no otherwise detectable CAN. Thus, in our study, the
modified orthostatic load for short-term spedral analysis of
HEV improves the sensitivity of the method which was
able to indicatz even a slight mitonomic impairment in
companson to healthy controls. Clinical melevance of this
interesting finding needs, however, further confimmation in
prospective observations,

Finally, this study demonstmtes the necessity and
feasibility of good glycemic control over long time periods
with functional insulin tregtment (Howorka, in press;
Howaorks et al, 2000) as an efficient prevention of more
advanced autonomic newropathy. In any @se, the assessment
of mmonomic neuropathy in type | diabetes should be
performed  periodically, prefembly in amnual intervals
(Amencan DMabetes Association: [Dhabetic Meuropathy,
1996; Vinik & Mehrabyan, 2004). We suggest the
comvenment use of the deenbed modified orthostatic load
with spectral malysis of shortterm HEV for this purpose,
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4. APLIKACE METOD ANALYZY VARIABILITY SRDECNi FREKVENCE V PRAXI

4.1. Prakticka aplikace: vyzkum reverzibility CAN a kvantifikace efektu

nefarmakologickych opatieni - vytrvalostni trénink

Adherence k predepsané medikaci, resp. presnéji non-adherence, je jednim z hlavnim
dlvod(, proc — pres soucasny stav a aplikaci mediciny zaloZzené na dikazech -- vyznamna ¢ast
pacientld nedosahuje klinickych cild terapie. Adherence je rozliSovana jako umysing (aktivni -
rozhodnuti nebrat medikaci), a neumysind (pasivni - bezstarostnost, zapomnétlivost, cena
medikace, stigma nemoci, mnoistvi predepsanych tablet, ne/dlvéra ke svému lékafi apod.,
Gadkari 2012). Jak je znamo z praktickych terapeutickych zkusSenosti s pacienty vyzaujicimi
chronickou systematickou medikaci, je adherence — navzdory ocekdvanim — k medikaci typu
antihypertenziva, hypolipidemika nebo ordlni antidiabetika z dlouhodobého hlediska relativné
nizkd (Poluzzi 2005). Dlouhodobé (3 roky) brava antihypertenziva pouze cca 50-60% pacientd,

pricemz jesté méné (20-40%) jich pravidelné medikuje hypolipidemika, viz Obr.17.

Obr. 17: Relativni pomér pacienti medikujicich uvedené lékové skupiny po dobu 3 let s alespori 90%

pokrytim (Poluzzi 2005)
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Navic, ani v pripadé systematického lécebného dohledu a pravidelného kontaktu mezi
pacientem a lékafem, ktery predepisuje medikaci a kontroluje krevni tlak pacienta minimalné
1x za tfi mésice v ambulanci, nedochazi k vyznamnému zlepseni aderence (McMannus 2005).

Na zdkladé vice neZz 25-letych zkuSenosti se skupinovymi edukacemi na videriském
pracovisti (Howorka 2002) miizeme konstatovat, Ze rozhodujicim faktorem pro ucinnou
kontrolu aspektd metabolického syndromu je edukace a predani spoluodpovédnosti za svou

|[é¢bu nemocnému samotnému, pficemz role |ékafe ustupuje do pozadi, ve formé supervizora

Obr. 18.: Vysledky klinickych studii k dlouhodobé ucinnosti edukace k self-managementu pacient( s

metabolickym syndromem vcetné diabetu mellitus (Norris 2002)

Follow-up_>4 months after end of the intervention

F 1143}
Follow-up during or immediately after the intervention * {(68)

~— 140y ¢ !ndividual study GHb

+ (44
&
* 178 J145) D Pooled effect

—————(9) ()
—{—

-5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 20 3o 4.0
Net Change GHb (%)

*

Figure 2—GHDb, stratified by follow-up interval. Net change in GHb is shown for each individual study, with lines extending from the symbols
representing 95% Cls. Pooled results are for each follow-up interval, with r = 0.5.

a poradce (Norris 2002). Tento proces empowermentu (nékterymi autory oznacovan také jako
ytherapeutic patient education”) se provadi ve formé skupinovych edukacnich seminard,
obvykle v ambulantnich podminkach, a byl dostatecné popsan i prezentovan na odbornych
forech (Howorka 2009). Uspéina a efektivni edukace vede k dlouhodobému zlepseni

kompenzace diabetu a pfidruzenych komplikaci, viz Obr.18.
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Uvod: Poskytnuti dostate¢né informace o nemoci a jeji 1é¢bé, a edukace chronicky
nemocného ve smyslu ,therapeutic patient education” je zdkladnim stavebnim kamenem
uspésnosti nefarmakologické Iécby chronicky nemocnych vramci sekundarni a tercidrni
prevence komplikaci metabolického syndromu (Howorka 2002). Kromé klinickych aspekt( a
dopadl na zdravi jedince, pfinasi efektivni prevence i snizeni ekonomickych naklad( na
celkovou péci v prepoctu na DALY (disability-adjusted life years) o 15% rocné (Pumprla 2008).
S cilem redukovat vysokou non-adherenci k chronické medikaci a s ni spojené obavy i strach
ze stigmatu nemoci jsme zaméfili nasi pozornost v radmci aplikace sekundarni a terciarni
prevence u nasSich pacientd s metabolickym syndromem na efekt vybranych aspekt
Zivotospravnich a dalSich nefarmakologickych opatfeni. V dalsi ¢asti prace jsou popsany
ucinky strednédobého vytrvalostniho tréninku, laénéni a aplikace fizeného domadciho
dychani/ biofeedbacku u pacientl s komponenty metabolického syndromu. V ramci ovéreni
procest vedoucich k empowermentu pacientli — tedy ve svém dusledku efektivity sekundarni
a tercidrn i prevence pti metabolickém syndromu — jakozZ i k ovéreni reverzibility autonomniho
postizeni pfi diabetu, jsme provedli studii s 22 pacienty s inzulin-dependentnim diabetem.

Cilem prace bylo analyzovat Ucinnost pravidelné (minimdlné 2x tydné po 30 minutdach)
provadéného vytrvalostniho tréninku (rotoped pfi 65% individualni maximalni srdecni
frekvence) u pacientd s rliznym stupném postizeni autonomni neuropatii.

Vysledkem vytrvalostniho tréninku v uvedené formé bylo statisticky vyznamné zlepseni
autonomnich regulacnich funkci ve skupiné pacientll bez a s pocinajici dysfunkci a potvrdilo
tak sledovani jinych skupin napf. u pacientl rehabilitujicich po infarktu myokardu. Prokazali
jsme tak reverzibilitu autonomniho postizeni, pfinejmensim po dobu pravidelné télesné

zatéze. Skupina pacientl s pokrocilou CAN nevykdazala zménu HRV po této formé intervence.

4.1.1. Howorka K, Pumprla J, Haber P et al. Effects of physical training on heart rate
variability in diabetic patients with various degrees of cardiovascular autonomic

neuropathy. Cardiovasc Res 1997; 34: 206-214. IF 5.2

(Origindlni publikace této prace in extenso zacina na ndsledujici strané)
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Abstract

Objective: To imeshigate the effects of regularly performed endurance traming on heart rate vanabality m diabehic pahents with
different degrees of cardiovascular autonomic newropathy (CAMN). Methods: Bicvele ergometer trammg (12 weeks, 2 ¥ 30 mm /week,
with 65% of maximal performance) was performed by 22 msulin-requnng diabetic patents (age 49.5 + 8.7 vears; diabetes duration
18.6 4 10.6 years: BMI 25.1 + 3.4 kg/m’): ie., by § subjects with no CAN, 8 with early CAN and by 6 patients with definite /severe
CAN. A standard battery of cardiovascular reflex tests was used for grading of CAN, a short-term spectral amalysis of heart rate
varnability for follow-up monitoring of tramming-induced effects. Results: Whle the traimmg-free interval induced no changes in spectral
indices, the 12-week training period increased the cumulative spectral power of the total frequency band (P = 0.04) but to a different
extent (P = 0.039) in different degrees of newropathy. In patients with no CAN the spectral power in the high-frequency (HF) band
(0.15-0.50 Hz) increased from 62 + 0.3 to 6.6 + 04 In [ms?]; P=0.016, and in the low-frequency (LF) band (0.06-0.15 Hz) from
71401 to 76+ 03 In [ms®]; P=0.08, which resulted in an increase of total spectral power (0.06—0.50 Hz) from 7.5 + 0.1 to
8.0+ 0.3 In [ms?] { P = 0.05). Patients with the early form of CAN showed an increase of spectral power m HF (5.1 + 020 3584 0.1 ln
[ms?], P=10.05) and LF bands (56 + 0.1 to 6.3 £ 0.1 In [ms*], P = 0.008), resulting in an increase of total power from 6.1 4+ 0.1 to
66401 In [ms?] (P = 0.04), whereas those with definite /severe CAN showed no changes after the training period. Training improved
fitness in the whole patient cohort. The increased autonomic tone as assessed by spectral indices disappeared after a raiming withdrawal
period of 6 weeks. Conclusions: In diabetic patients with no or early CAN, regularly performed endurance traming increased heart rate
vanability due to improved sympathetic and parasympathetic supply, whereas in subjects with defimte /severe CAN no effect on beart
rate variabulity could be demonstrated after thas kind of tramning.

Eawords: Antonomic nervous system; Heart rate, variability; Spectral analysis; Disbetes; Endurance training; Humsn

1. Introduction

Diabetic autonomic newropathy is associated with a
reduced autonomic supply to the heart [1] which can be
estimated by a decrease of heart rate variability (HEV) [2].
Although cardiovascular antonomic neuropathy (CAN) and
decreased HEW are associated with an increased mortality

" Comresponding swthor. Tel: =43 1 40 400 3981; fax +43 1 40 400
3988; e-mail: kbhoworkai@bmip. akbh-wien sc.at

[3—-6], induced in part by sudden death, no data are avail-
able on factors which might improve the autonomie supply
to the heart in diabetes. In healthy athletes [7-9] in
hypertension [10], in patients with chronic congestive heart
failure [11] and /or coronary artery disease [12] and in
patients after recent myocardial infarction [13,14] system-
atic physical training was shown to induce improvement in
the autonomic balance with a restoration to normal of the

Time for primary review 18 days.

00086363 /97 /$17.00 Copyright & 1997 Elsevier Science BV, All rizhts reserved.
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reflex activity of the system. Although the mechanisms of
training-induced regulatory changes hawve still not been
completely delineated, regularly performed physical train-
ing is generally thought to improve cardiovascular perfor-
mance and to mcrease HEW [13]. Moreover, in diabetes
physical exercise 15 considersd to be essental m reducing
insulin resistance [16], overweight [17], and enhancing the
change in life style [18]

The prevalence of cardiovascular autonomic dysfunc-
tion in diabetes is high [2] and in part responsible for the
diminished life expectancy in this chronic disease [4]. The
primary goal of our study was therefore to mmvestizate the
effects of regularly performed physical training on HEV m
msulin-requiring diabetic patients with different degrees of
CAN as assessed by variables of short-term analysis of
HEV in frequency and time domains. The trial was de-
signed to investigate the potential reversibility of at least
the early stages of autonomic newropathy by those means
which are available to every sedentary diabetic subject.

2. Methods

The mvestigation conforms with the principles outlined
in the Declaration of Helsinki [19].

2.1. Study design

Intraindividual companson of baseline values (mean of
two measurements before and after a nm-in period of 46
weeks with sedentary, unchanged life style) with values
after a traming intervention of 12 weeks endurance train-
ing and with final values after a consecutive period of 46
weeks of training withdrawal. Every patient in this design
served as his own confrol.

2.2, Patienis

From our clinical survey population of about 300 in-
sulin-requiring diabetic patients we recruited 3 patiemt
groups comparable in age, glycemic control and BMI, but
diffening in severity of their CAN as assessed by a stan-
dard battery of cardiovascular reflex tests [1]. Clinical data
of patients who completed the study are summarized n
Table 1. Patients with exercise-limiting circumstances, un-
controlled associated diseases such as hypertension, and
those with chinical and /or electrocardiographic signs of
coronary artery disease were excluded. Pharmacological
treatment of concomitant diseases and nutntion were kept
constant durng all study penods. All patients had been
receiving fimctional insulin treatment for at least 3 months
before the study. As previously described [20] this program
involves separate substitution of fasting requirements by
twice-daily long-acting human insulin independent of pran-
dial and comrectional use of regular msulin according to
individual algorithms All patients undergo an extensive,
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Tahle 1
Climical characteristics of insulin-requiring disbetic patients with various
degress of amtonomic neuropathy

Patient groups Al Wo CAN  Early CAW Severs CAM

w (E,/M) 22(13,/9) Bi5/3)  B(3/3}  6(3/3)
Ap= (yzars) 495487 441485 518472 5034115
B’!\-ﬂtlg,.-’l:l:ﬁ] 251434 2444128 253431 2584438

Disbetes duration 18641046 1894127 155485 217481
(yaars)

HbA | (%) 604009 6.74L0.7 71410 69411

individually tailored patient education program including
group and mdividual sessions.

2.3, Training procedures

Patients underwent 12 weeks bicycle ergometer framing
confrolled by individual traiming heart rate twice per week
30 min per training unit with 60-70% of individual maxi-
mal capacity. The target training heart rate was estimated
during mitial spircergometry and was defined as heart rate
at 63% of maximal exercise capacity [training heart rate =
resting heart rate + (maximal heart rate — resting heart
rate) % 0.65] [21] This endurance training modality was
chosen because it is known from clinical experience [22,23]
to improve cardiovascular performance.

2.4, Qutcome variables and their assessment

Main outcome vanables were those of short-term spec-
tral analysis of HEV.

2.4.1. CAN assessment

CAN was assessed mutially by a standard battery of
cardiovascular reflex tests to standardized stimuli [1,24]
including deep breathing, Valsalva maneuver, orthostatic
load and sustained handgrip. Diabetic patients with a Total
Ewing Score of 0—0.5 were considered as those without
CAN. patients with score of 1-2.5 as with early CAN and
those with a score of 3—5 as patients with definite /severe
CAN [1.2]. For follow-up monitoring a short-term spectral
analysis consisting of 3 time segments (adapted from
Bellavere [23], in positions supine—standing—supine, 256
artifact-free heart beats each) was performed This short-
term option delivers well-repreducible results when record-
ings are performed under similar laboratory conditions as
applied in our study [23] Both CAN examinations were
performed with the VanaPulse TF3 system (Sima Media
Olomouc, Ltd, Czech Republic) [26]. A surface ECG was
contmuously menitored with a time resolution of 1 ms.
E-E intervals were telemetrically transfemred to a receiver
connected to a PC-compatible computer and displayed
on-line together with an instantaneous spectral curve on a
monitor. The computational method was based on fast
Founer transform modified by algonthm of coarse-grain-
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ing spectral amalysis [27]. This allowed one to extract a final results were immediately displayed on the monitor as
broad-band non-harmomic ‘noise’ contaminating particu- 3-dimensional runming spectra (Fig. 1), permutting a gen-
larly the lower frequencies (1,/f component). Each dataset eral overview of the dvnamics and of the absolute energy
was filtered automatically by excluding recorded artifacts content of the system. Parameters of the frequency domain

using a recogmition algorithm. as well as mamually. The were observed In every pesition within the high-frequency
£=u raEn
1300 %nmt “He FLT LR T
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Fig. 1. Examples of typical impact of regularly performed physical training on heart rate variability as assessed by short-term specirsl analysis before and
after (right panel) training period in patients with various degrees of CAN. Disbetic patient with no CAN (41-year-old male, Ewing score 0, BMI 274
kz/m*, disheses durstion 8 years_ top panel), with early imvolvemenr (50-year-old male, Ewing score 2, BMI 23 5 kg/m®, dishetes duration 29 vears,
middle panel), and one with severs involvement (43-vear-old mals, Ewing score 4, BMI 21.4 kg /m®, disbetes duration 25 years, bottom panel).
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band (0.15-0.50 Hz), which has been atimbuted exclu-
sively to parasympathetic tone [28], and within the low-
frequency band (0.05-0.15 Hz), said to represent a combi-
nation of sympathetic and parasympathetic effects on car-
diac autonomic tone [29.30]. Main outcome variables were
spectral power (units [ms’ ]} in both frequency bands. To
increase the reliability of short-term measurements and to
assess even small infraindividual improvements m global
autonomic tone dunng the tnal. we used cumulative n-
dices (spectral power of the total frequency band with its
high- and low-frequency components over all 3 positions)
representing the total averaged area under all consecutive
spectral curves within the short-term recording. Standard
deviations were calculated for each parameter as this infor-
mation was necessary for assessment of the stationanty of
the exammation. We excluded any findings having a more
than 30% relative deviation n any of the positions recorded.
In those cases the examinations were repeated. Time-do-
main analysis was alse performed to calculate the mean
square of the difference of successive R-F intervals
(M55D) [ms?1

2.4.2. Spiroergometry

Symptom-limited incremental bicycle spiroergometry
(beginning with 25 W, increments of 23 W every 2 min)
was performed (Computer Ergometer Ergoline, Ergomet-
rics 900, Bits, Germany, and SensorMedics Metabolic
Measurement Cast 2900, CA. USA) dunng all 4 mam
points of the trial before and after the training penod to
define maximal work capacity and maximal oxygen con-
sumption [31], anaerobic threshold [32], and training heart
rate [21].

2.4.2 Ambulatory bleod pressure monitering (ABFM/
ABPM was performed using a SpaceLabs 90207 mom-
tor (Spacelabs, Fedmond. USA, 1993) according to the
recommendations of the British Hypertension Society [33].
Additional outcome vanables such as mean systolic and
diastolic blood pressure, mean heart rate, and night-time
dipping were assessed as previously described [34].

2.4.4. Echocardiography

Transthoracic two-dimensional echocardiography was
performed to assess the presemce and/or changes in left
veniricular hypertrophy, end-systolic and end-diastolic left
ventricular diameter and wall thickness of the interventric-
ular septum. Conhnuous waved Doppler sonography was
used to assess distubances of relaxation [35] and left
ventricular fractional shortening. All measurements were
performed by the same physician (JE.-5.) expenienced m
echecardiography, using the VingMed CFM 750 system
(Diasomics-Sonotron, Zug. Switzerland).

2.4.5. Blood analysis
HbA,, was assessed by the HPLC methed (Varant,
Bio-Fad. Richmond, CA, USA; reference range 4.4-6.6%)
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and bleod lipids by standard commercial kits from
Boehrninger Mannheim (Mammheim, Germany).

2.4.6. Depression scale

Symptoms of depression were assessed during all main
mmvestigation points by respective scores of the Beck De-
pression Inventory [36], a well-established self-reporting
measure frequently utilized in empirical evaluation of psy-
chiatric depression.

2.5, Stafistical analysis

Statistical analysis was performed using standard statis-
tical packages (SPSS, Statistical Package for the Social
Sciences V7.0, 5P55 Inc., Chicago, USA). Analysis of
varniance with repeated measures (General Linear Model)
was used to evaluate differences between groups in the
course of parameters during and after endurance tramming.
The two-tailed paired Stdent’s #test was applied to esti-
mate differences vs. baseline values. Because of the skew-
ness of the frequency-domain data distnbution. log (ln)
transformation was performed to produce a normal distri-
bution before the final results were assessed.

Demographic data are presented as means 4 s.d., out-
come variables as means 4+ s em . unless otherwize indi-

cated.

3. Results

While the training-free mn-in mterval induced ne
changes in spectral indices i all patient groups. the 12-
week fraining period ncreased the cumulative spectral
power of the total frequency band (F=0.04) but to a
different extent (two-way interaction, differences in course
between groups, P = 0.039) in various degrees of neuropa-
thy (Figs. 1 and 2} Whereas patients with severe CAN
showed after the traming period no measurable changes in
cumulative total spectral power (0.06-030 Hz) (n
[ms?] ;.47 £03; In[ms?] . 46L05; P=08), those
with the early form of CAN and those without any de-
tectable neuropathy showed an increase from In [ms*], ..,
61+01 to In [ms*]y, 66+01; P=004 and from In
[0 e 7.3 £ 0.1 to In [ms?],, 20+03; P=0.05
respectively (Fig. 2, top panel).

Spectral power in the low-frequency band (0.06-0.13
Hz) mdicated significant effects of traimmg (P = 0.002),
but also to a different degree between groups (two-way
interaction, differences in course between groups, P =
0.01), showing a highly significant rise in the group with
early CAN (from In [ms®l. ., 56+ 01 to In [ms®]e,
6.3 +0.1; P = 0.008), borderline amplification in the group
without CAN (from In [ms*] . 7.1+0.1 to In [ms*]
7.6+ 03; P=008), but no changes in the group with
severe CAN (In [ms®],.., 4.1 4 0.3 In [ms? ], 4.1 £ 0.4;
P =10.6) (Fig. 2, middle panel).
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In the high-frequency band (0.15-0.5 Hz) no more
statistical differences between the groups in the course of
the parameters were revealed (fwo-way interaction, F =
0.121). If compared to baseline values, however, increases
were still evident in both groups without severe CAN
{early CAN from In [ms®]y,.,, 5.1 +£02 to In [ms?],,
58+01; P=005 no CAN group from In [ms?]..
62+03 to In [ms?],, 66404 P=0016) whereas
the group with severe CAN showed no statistical changes
(ln [ms*], ;.. 3.7+ 05 In[ms’], =34+07, P=06)
(Fig. 2, bottom panel).

Time-domain analysis of HEV showed the effects of
training on the MSSD (P =0.03), but the differences m
course between the groups were not significant (fwo-way
interaction. P = 0.15). When values after fraining were
compared to baseline values, significant amplification was
present only in the group with no CAN (from [ms], ...,
1848 + 375 to [ms?]g,, 3339 £ 797, P =0.03; early CAN

from [ms?],, .., 636 £ 115 to [ms’],,. 1062 +372, P=
0.3; severe CAN from [ms®]... 201 £51 to [ms®]..,
227 4£132, F=039)

After traming withdrawal of 4—6 weeks, all traming-in-
duced changes in HEV could no longer be detected.

The mpact of traming on spectral and time-domain
indices of HEV. if considered in amy particular position
(supime—standing—supine), as well as on their ratios, was
not sufficient to reveal any statistical changes.

As assessed by incremental spiroergometry, maximal
performance capacity increased over the training penied in
the whole patient cohort (P <X 0.001), although the impact
of endurance fraining was different between the groups
(two-way mmteraction, differences i course between the
groups, P = 0.02) and was higher in patients with no and
early involvement (Fig. 3. top panel). The maximal oxvgen
consumption mcreased in the whole cohert (F=0.003)
and no differences in its course between the groups could
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Fig. 2. Effect of regularly performed physical training snd traiming withdrawal peried on speciral indices of HEW in groups of diabetic patients with
various desrees of CAN: cunmlative speciral power of total frequency band (top pansl), commlative speciral power in low-fSequency hand (middle panel)
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be detected (two-way interaction, F = 0.11) (Fig. 3, lowest
panel). Similarly, a significant merease m anaerobic
threshold was observed im all patient groups (P < 0.001
Fig. 3. middle panel). and no differences in its course
between the groups were assessed (P = 0.79). At different
lead-levels (e.g., 50 and 100 W) shight, but non-sigmificant
decreases m heart rate were recorded after endurance
fraining in all groups, indicating a tendency to improve-
ment of cardiac output/beat With the exception of the
group with noe CAN, which still showed an mcreased
exercise capacity even after training withdrawal (Fig. 3.
top panel. P =0.002 vs. baseline values), after the period
without traming all inifially induced beneficial effects had
disappeared.

Ambulatory blood pressure monitoring demonstrated a
numerical decrease of a mean of 24 h heart rate in the
whole patient cohort {(F =0.081) and no differences be-
tween the degree of impact were detectable between the
groups (F=10353). Moreover, the heart rate remained
shightly lower even after 6 weeks of traming withdrawal.

Endurance training induced an ncrease of night-time dip-
ping cnly m the group with no CAN for systolic (164 3
vs. 21 £ 2 mmHg, P =10.03) as well as for diastolic blood
pressure (14 + 2 ws. 17 + 2 mmHg F =0.04).
Echocardiographic evaluation revealed during baseline
mmvestigations ne signs of left ventneular hypertrophy in
patients with no and early involvement. In patients with
severe CAN septum thickness (10.9 + 1.8 mm) indicated
left ventricular hypertrophy. Training induced no sigmifi-
cant reductions of interventnicular wall thickness (no CAN
from 935+06 to 90105 mm, P=048; early CAN
from 92 £ 08 to 92406 mm P=085) and of left
ventricular end-dhastolic diameter (no CAN from 325+ 1.9
to 519+ 25 mm, P=057; early CAN from 492 + 1.6
to 474411 mm, F=10.14). In contrast, in the group
with severe involvement, training had an inverse but non-
significant effect on both interventncular wall thickness
(109 4+ 18t 1144+ 22mm, P=0252)and left ventricu-
lar end-diastolic diameter (from 509 + 1.6 to 533 £ 1.8
mm, P = (0.43). Disturbance of relaxation was present only
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in patients with early and severe neuropathy. Traiming
mduced minor imprevements m both groups in this re-
spect.

The tramming period had no relevant effects on blood
lipids or HbA .

Depression symptoms as assessed by Beck’s Depression
Inventory were not affected by the traiming ( P = 0.66), but
it should be stressed that the depression level revealed was
quite low (level of seventy 0-26), with the exception of 2
mdividuals in the group with severe mmvolvement (level of
seventy 26—40).

4. Discussion

This study documents for the first time the beneficial
effects of low-grade endurance training on heart rate van-
abality mn the early stages of diabetic cardiovascular aunto-
nemic neuropathy. As our trial was designed to investigate
the traiming-induced reversibility of diabetic cardiovascular
autonomic neuropathy and data are gathered on the HEV-
related impact of endurance training in healthy subjects
[7-9], we dispensed with a mon-dizbetic control group.

The effect of low-grade endurance training was more
pronounced in the group with early CAN than in subjects
with no CAN. Our study demonstrates the already known
phenomenon that pathelogic values (including blood lipids,
blood pressure values. incipient CAN, low imtial fitness
levels) are more strongly influenced towards normal by
endurance traming than normal values. This finding is
consistent with our previous cbservations [22] and reports
of others [37]. Additionally, it is possible that the chosen
training modality represented a stronger stimulus for pa-
tients with early involvement, as they displayed a much
lower exercise capacity.

The design included a period of nin-in with no tramming
to ensure that the selected methods for assessment of CAN
deliver reproducible stagmg of neuropathy. In order to
reduce the standard deviation of particular indices of HEV,
mean values of both pre-training investigations were used
for baseline. The relevant reconditioming of autonomic
balance of the heart supply was expected first after a
training peried of 12 weeks [22,23]; the described fraining
intensity and length were well accepted and tolerated by
the majority of patients. although in 5 mitially selected
cases (3 with severe and 2 with early involvement) the
framning could not be completed. These early drop-omts
were caused by acute severe pemphigus (hospitalization),
severe neuropathic diarrhea, benign lung tumer (surgery),
and non-comphance with the necessary supervised heart-
rate-controlled training.

This study provided evidence that the used method of
short-term spectral amalysis of HREV is practicable and
easily applicable in ambulatory routine. As it was found
that the immediate vanability of short-term spectral mea-
sures of HREV was low [38] and shert. 2- to 13-min
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samples were excellent predictors of mortality and corre-
lated with prognestically mmportant data from sustamed
recording periods [39,40], we have chosen to exclusively
perform short-term spectral analysis for repetitive assess-
ment of HEV. Due to this simplification, patients could
accept 4 consecutive measurement series dunng the study;
the method takes only a short time and is quite ndepen-
dent of the patient’s compliance during the examination.

In contrast to the previous, much less sensitive standard
score of the cardiovascular reflex battery. the selected
cumulative indices over all 3 time periods (supme—stand-
ing—supine) proved able to assess even small changes in
cardiac autonomic supply. The cumulative indices pro-
posed here should be understeod as 2 method for inereas-
ing the reliability of the measurements dunng short-term
recordings m all 3 positions. Although the information
given by the cumulative spectral indices comesponds to
that miven by mdices of tme-domain analysis (MSSD), 1t
became evident that this index is more representative of
the actual global state of autonomic regulation and reflects
the total instantanecus sympathetic and parasympathetic
effects. A similar investigation using an analogue fraining
program in sedentary middle-aged men [41] showed appar-
ently no effects on HEV, which—to our present knowl-
edge—can be viewed partly as a methodolegical problem
since the cumulative indices desigmed by us were not
considered in this previous investigation.

The current methods mest commonly used for analvsis
of HEV in the frequency domain are based either on the
fast Fourier transform or on the autoregressive model.
Under several conditions considered alse in our study
design both analytical approaches deliver similar results
[28,42]. The procedure of coarse-graining speciral analysis
[27] was additionally chosen to increase the reliability of
the measurement process. This method has the advantage
that the non-harmoenic ‘noise’ contaminating the spectrum
is removed and the high processing speed allows on-line
graphic display.

Our study documented a traming-mduced increase of
complex sympathetic and parasympathetic supply as re-
flected by amplification of the spectral power of the low-
and high-frequency bands. A similar finding was reported
by Furlan [9], although in healthy subjects the changes
induced by heavy training were mainly restncted to the
low-frequency band.

The endurance training modality applied was not able to
improve cardiac supply in patients with severe CAN. In 3
severely affected subjects we recorded even an on-going
loss of total spectral power. Tramning improved maximal
performance capacity and maximal oxygen consumption,
and imcreased the anaerobic threshold in the whole diabetic
cohort, but, similar to the effects on HEV, the effects of
endurance traiming on fitness were dependent on the de-
gree of CAN.

It 15 evident that neither the emotional state as assessed
by Beck’s Depression Inventory nor other factors such as
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current treatment of diabetes or hypertension were respon-
gible for the changes assessed as the mpact of trmming
disappeared after fraining withdrawal.

If the demonstrated reversibility of CAN as mduced by
systematic endurance training in our study comresponds to
the decrease of nsk associated with cardiac denervation,
endurance fraining and rehabilitative exercise programs in
diabetic patients with early involvement should be recom-
mended. Further studies are necessary to investigate the
potential reversibility of nephropathy and other cardiac
denervation-associated phenomena, such as increased mi-
croalbuminuria [43] and decreased glomerular filiration
rate [44] It should be kept in mind, however, that—as
documented also by our investigaton—apparently only a
systematic, regularly performed physical training is neces-
sary for lasting beneficial effects. Our study provides the
first necessary rationale for a long-term study of the effects
of endurance traming upon HEV mdices m diabetic pa-
tients with cardiovascular autonomic neuropathy. Although
that should still be proven in longer studies, it is already
known that the time period needed to inverse the training-
induced effects on fimess (including its moerphelogical
correlates) is related to the duration and intensity of the
training [37].

Recent data suggest that maximal oxygen consumption
itself is a good predictor of mortality risk [43] Further
mortality analvses in diabetes should consider the physical
state and exercise behavior as important varables which
might nfluence the mortality nsk.
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4.2. Prakticka aplikace: vyzkum reverzibility CAN a kvantifikace efektu

v ré

nefarmakologickych opatieni - la¢néni

Uvod: Z literatury je zndmo, 7e kratkodobé laénéni vyvolava snizeni srde¢ni frekvence
pravdépodobné zvySenim vlivu parasympatiku (Clabough 1989), pfipadné centralné
inhibi¢nim efektem na sympatické regulace obéhového systému (Young 1977, Einhorn 1982).
Obdobné, racionalitu dlouhodobé kaloricky kontrolovaného/redukovaného pfijmu stravy
podporuje rovnéz fada publikaci (napf. Stein 2012).

Cilem studie bylo ovérit ucinnost dalSi nefarmakologické procedury — la¢néni -- na
autonomni regulace, sledované kratkodobou analyzou HRV. Sledovali jsme vliv v priméru 13-
hodinového (1072422 minut) lacnéni na parametry casové a frekvencéni analyzy HRV a
srovnali jej s postprandialnimi (146+11 minut po jidle) vysledky u 56 pacient(l s diabetem a
rdznymi stupni autonomni dysfunkce, a 15 kontrol bez diabetu.

Vysledkem studie byl statisticky vyznamny nartst kumulativniho spektralniho vykonu
celého spektra, jakoZ i ¢asti nizko- a vysokofrekvencni (p<0.001), s odpovidajicim narlistem
parametru c¢asové domény (MSSD), viz Obr.19. V kontrastu k této odpovédi, kontrolni
probandi bez diabetu vykdazali pfi tomto typu intervence pouze statisticky nevyznamnou
zménu (p=0.19). Pfi celkovém posouzeni vysledk( studie uzavirame, Ze lac¢néni zvysilo
variabilitu srdecni frekvence zvlasté vlivem této vagdlni nefarmakologické stimulace. S
ohledem na sledované zmény i zndmé cirkadianni variace v kardiovaskularnich autonomnich

regulacich je vhodné pfi méreni HRV standardizovat odstup od posledniho jidla.

Obr. 19: Analyza HRV ve frekvencni doméné (obrdzek vlevo, LF a HF frekvencni spektrum) a ¢asové
doméné (obrdzek vpravo, rMSSD) pri lacnéni u pacient(i s diabetem a odlisnymi stupni autonomni

dysfunkce (NO, EARLY a DEFINITE), jakoZ i u kontrolnich probandu bez diabetu.
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Influence of fasting on heart rate variability in
diabetic patients with different degrees of
cardiovascular autonomic neuropathy

K. Howorka***, J. Pumprla** and A. Schabmann***

ABSTRACT. Effects of fasting on the cardiovascular system in diabetes are not sufficiently described.
We assessed possible influence of fasting periods exceeding 13 hrs on heart rate variability (HRYV) as
compared to a short postprandial period in diabetic patients and controls. Short-term spectral anal-
ysis of HRV was used either in a common postprandial/postabsorptive state (interval since the last
meal 146x11 min) or during the fasting day (interval 1072+22 min) in 56 diabetic patients with dif-
ferent degrees of cardiovascular autonomic neuropathy and in 15 non-diabetic control persons com-
parable in age, body mass index and gender. Fasting resulted in diabetic patients with all degrees of
cardiovascular autonomic neuropathy (including its definite form) in an increase of cumulative spec-
tral power of total frequency band from 7.4x0.2 to 7.9+0.2 In [ms?], p<0.001, of low-frequency band
from 6.6+0.2 to 6.9+0.2 In [ms?], p=0.004, and of high-frequency band from 6.5x0.2 to 7.3+0.2 In [ms?],
p<0.001, and in an increase of parameters of time-domain analysis (p<0.001) as well. In contrast, non-
diabetic control group displayed only a non-significant increase of HRV (p=0.19). We conclude that
fasting increases HRYV in diabetic patients, mainly due to an increase of vagal tone. In any interpre-
tation of short-term spectral analysis of HRV the interval since the last meal should be considered.

We propose a standardization of this interval.
Diab. Nutr. Metab. 10: 288-295, 1997.
© 1997, Editrice Kurtis.

INTRODUCTION

Spectral analysis of heart rate variability (HRV) per-
mits the evaluation of cardiovascular autonomic neu-
ropathy (CAN) in diabetes (1) and risk stratification
in congestive heart failure and/or coronary heart dis-
ease (2). Clinical evidence was found for the asso-
ciation between incidence of lethal arrhythmias and
signs of an increased sympathetic and reduced vagal
activity. A reduced HRYV is an indicator of increased
mortality (3-6). Therefore, since assessment of HRV
became more popular, it is evident that it requires
better standardization of measurement to allow ap-
propriate clinical applications and interpretation of
its pathophysiological correlates (7).

The immediate variability of short-term spectral mea-
sures of HRV was found to be low (8). Moreover,
short, 2- to 15-minute samples were reported to be
excellent predictors of mortality and were correlated
with prognostically important data from sustained
recording periods (9). In this way, short-term spec-
tral analysis of consecutive, well-defined examina-
tion positions (supine-standing-supine) of a few min-

288 DNM, Vol. 10,N. 6

utes each (10) was assumed to deliver representative
diagnostic information. However, neither the repro-
ducibility of short-term recordings nor factors which
could affect the results of measurements of HRV are
sufficiently delineated. American Diabetes Associa-
tion recommends in its Consensus Statement on:Di-
abetic Neuropathy (11) that “...in an ideal situation,
studies should be performed with the patient having
[...] no [...] food for 8 hrs. Moreover, the studies should
be performed in the morning...”. It is evident that in
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Fasting influences heart rate variability

Table 1 - Clinical characteristics of diabetic patients with:various degrees of CAN and of non-diabetic controls (meansﬂﬁ?.

Diabetic r;atients ‘ Non-d'iabetic
all no CAN early CAN definite CAN controls

N (m/f) 56 (23/33) 28(1216) 18 (6/12) 10 (5/5) 15(6/9)
Age (yr) 3642 33£2 3945 403 394
Diabetes duration (yr) 1241.3 1024 1243 1942
BMI (kg/m?) 23.540.4 23.641.5 24.0£0.7 22.3+0.9 23340.6
Blood glucose (mmol/l) .

fasting 6.610.3 -~ 6.240.3 6.4+0.5 7.9+1.3

non-fasting 6.940.3 -6.5+0.4 7.5+0.5 7.2£1.0

insulin requiring patients even if the investigations
were performed before noon or in the morning, food
abstinence exceeding eight hours (eg no food intake
till noon) will simply be not practicable in the ma-
jority of conventionally treated cases who are pre-
programmed for food intake every several hours and
who are trained to inject their insulin for breakfast
immediately after awaking.

Fasting induces a decrease in resting heart rate ap-
parently due to an increase in parasympathetic tone
(12) and centrally mediated inhibition of sympa-
thetic influences (13-15). Effects of fasting on HRV
in humans have not been reported till now either in
non-diabetic or in diabetic subjects.

Our aim was to evaluate the effects of fasting peri-
ods exceeding 13 hours as compared to a usual short
postprandial/postabsorptive period (1-3 hours) on
HRYV assessed by its short-term spectral analysis in
groups of diabetic patients and non-diabetic controls.

MATERIALS AND METHODS

The investigation conforms with the principles out-
lined in the Declaration of Helsinki (16). All par-
ticipating subjects gave their informed consent. Pa-
tients were informed that they could interrupt fast-
ing day by food intake at any time, but the experi-
ence of fasting together with other patients was
generally well accepted. The team involved in pa-
tient care and rehabilitation, and in conducting the
study was approved for conformity with European
quality management and assurance standards ISO
9001 (17).

Study design
Intraindividual comparison (random order) of base-
line values recorded in a common postprandial state

(60-180 min) to values after a period of uninterrupted
fasting of at least 800 min. Fasting was performed
on occasion of outpatient group education pro-
gramme for functional insulin treatment discrimi-
nating between prandial, basal and correctional use
of insulin (18). It requires intensive blood glucose
self-monitoring and multiple daily injections but al-
lows full flexibility in food intake. One fasting day
is a practical part of this educational programme;
this exercise is a necessary teaching tool for learn-
ing blood glucose control without usual food intake
and for estimating basal insulin need (18). Drinking
water, tea and consumption of small amounts of oral
glucose (12 to 18g) for hypoglycaemia prevention
with blood glucose levels below 5.6 mmol/l were
allowed. As the sympathetic/parasympathetic bal-
ance depends on a circadian rhythm, the intraindi-
vidual control measurements of HRV have been car-
ried out on comparable time of the day (£60 min).
Time interval between both investigations did not
exceed 72 hours. The time point of the day and the
amount of food for the last meal before the fasting
day were kept as usual.-Concomitant medication of
associated and/or other chronic diseases as well as
basal insulin replacement remained constant during
both study days.

Patients and non-diabetic controls

Clinical data of 56 diabetic patients (nine Type I
insulin requiring diabetic patients were equally dis-
tributed in all three neuropathy groups) and of 15
control subjects, comparable in age, body mass in-
dex (BMI) and gender are summarised in Table 1.
Patients selected for the study had different degrees
of CAN. Those displaying any electrocardiograph-
ic or clinical signs of coronary artery disease or tak-
ing B-blockers were excluded from the investiga-

DNM, Vol. 10,N.6 289
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Fig. 1 - Examples of typical impact of fasting (right panel) as
compared to a short postprandial/postabsorptive period (left
panel) on heart rate variability assessed by its short-term spec-
tral analysis in patients with various degrees of CAN. Diabetic
subject with no CAN (upper panel), with early involvement,
one with definite involvement, and non-diabetic subject (low-
est panel). Vertical axis: power spectral density (ms?/Hz), hor-
izontal axis: centre frequency (Hz), z-axis: time (s); positions:
T1 supine, T2 standing, T3 supine.

tion. The category of CAN was assessed initially by
standard battery of cardiovascular reflex tests to stan-
dardised stimuli (19) including deep breathing, the
Valsalva manoeuvre, orthostatic load and sustained
handgrip and then by cumulative spectral power of
total frequency band as well. Each single test of Ew-
ing’s battery was scored with 0 when normal, 0.5
when borderline and with 1 when out of age-relat-
ed normal values range (1), summing up a total
Ewing score. Diabetic patients with total score of
0-0.5 were considered as those without CAN, pa-
tients with score of 1-2.5 as with early CAN and
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those with score 3-5 as patients with definite/severe
CAN (19). Patients with acute concomitant diseases
and those with signs of hypoglycaemia and/or blood
glucose levels below 3.3 mmol/l were excluded. In
those cases the investigation of HRV was postponed.

Fasting day

To avoid hypoglycaemia, frequent blood glucose
monitoring (12-18 measurements, at least every 2
hours, including at least three nocturnal measure-
ments of blood glucose) was performed during the
fasting time. All values below 5.6 mmol/l were cor-
rected through immediate intake of oral glucose.
Symptomatic or biochemical hypoglycaemia (blood
glucose values below 3.3 mmol/l) was an exclusion
criterion and in this case the study was postponed.
Basal insulin substitution was kept unchanged and
usually included twice daily long-acting insulin and
a small amount of regular insulin (32 U) in the
morning according to individual algorithms (18).
Physical activity patterns were kept as usual and the
educational programme was performed as on other
days. The intake of at least 2.5 1 of liquids (exclud-
ing caffeine-containing ones) was recommended and
encouraged. The energy input on fasting day resulted
almost exclusively from glucose intake for hypo-
glycaemia prevention and included 100-200 kcal
from carbohydrates as a maximum.

Food intake on non-fasting day

Usual pattern of nutrition was kept on non-fasting
days. Recommendations for meal composition were
as previously reported (18): more than 50% of caloric
intake from complex or fibre-rich carbohydrates,
less than 20% from protein and less than 30% from
fat. In lean patients, approximately 30 kcal/kg body
weight/day were recommended, but individual ad-
justments according to the pattern of physical ac-
tivity and to other factors were accepted as long as
no tendency to weight gain has been recorded. On
average, four to five meals a day were chosen by pa-
tients as a routine pattern for food intake. Thus, these
recommendations were not different from those for
the non-diabetic population.

Qutcome variables and their assessment

Short-term spectral analysis of HRV included a
recording consisting of three time segments (in po-
sitions supine-standing-supine), 256 artefact-free
heart beats each, using VariaPulse TF3 system [Sima



LN Cumulative

Fig. 2 - Frequency-domain analysis of HRV: LN cumulative
spectral power (x+SEM) in low-frequency (left bars) and I:'?h-
frequency bands (right bars) in diabetic patients with defi-
nite, early and no CAN as well as in non-diabetic controls, in
usual postprandial/postabsorptive state (front bars) and af-
ter prolonged fasting (rear bars). p describes significant dif-
ferences vs postprandr‘al//oostabsorptive state in each subject
category (intraindividual comparison).

Media Olomouc, Ltd, Czech Republic, (20, 21)]. A
surface ECG was continuously monitored with a
time resolution of 1 ms. R-R intervals were tele-
metrically transferred into a receiver connected to a
PC-compatible computer and displayed on-line to-
gether with an instantaneous spectral curve on a
monitor. Computational method was based on fast
Fourier transform modified by algorithm of Coarse-
graining spectral analysis (22). That allowed to ex-
tract a broad-band non-harmonic “noise” contami-
nating particularly the lower frequencies (1/f com-
ponent). Each dataset was filtered automatically by
excluding recorded artefacts using a recognition al-
gorithm, and manually, as well. The final results
were immediately displayed on the monitor as three-
dimensional running spectra (Fig.1). Parameters of
frequency-domain were observed in every position
within the low-frequency band (0.05-0.15 Hz) and
high-frequency band (0.15-0.50 Hz). Main outcome
variables were spectral power (units [ms2]) in both
frequency bands. To assess even small intraindivid-
ual changes in global autonomic tone during the tri-
al, we used cumulative indices (spectral power of
total frequency band with its low and high frequen-
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cy components over all three positions, (21)]. Stan-
dard deviations were calculated for every parame-
ter as this information was necessary for assessment
of a stationarity of the examination. We excluded
the findings bearing more than 30% relative devia-
tion in any of the positions recorded. In those cases
the examinations were repeated. Time-domain anal-
ysis also included the averaged R-R interval (ms)
and rMSSD (root of mean square of difference of
successive R-R intervals [ms?]). Because of the
skewness of the frequency-domain data distribution,
log (LN) transformation was performed to produce
a normal distribution before the final results were
considered.

Statistical analysis

Statistical analysis was performed using standard
statistical packages (SPSS, Statistical Package for
the Social Sciences V7.0, SPSS Inc., Chicago,
USA). Analysis of variance with repeated measures
(General Lineal Model) was used to evaluate dif-
ferences between groups (two-way interaction
group X state) for the impact of fasting. Two-tailed
paired Student’s # test was applied to estimate in-
traindividual differences between investigations.
Data are presented as mean+SEM, unless other-
wise indicated.

RESULTS

The intraindividual control measurements in post-
prandial/postabsorptive state and on fasting day have
been carried out under comparable blood glucose lev-
els (Table 1, all p>0.1). HbA,_level in diabetic pa-
tients (during the examination before the training in
functional insulin treatment) was 158+2% of upper
reference limit for glycosylated haemoglobin (two
methods). In diabetic cohort the time interval since
the last meal on baseline day (postprandial/postab-
sorptive conditions) was 146+11 min, on fasting days
1072+22 min, and in non-diabetic probands 142+25
min and 962+61 min, respectively.

Frequency-domain analysis revealed that fasting re-
sulted in an increase of cumulative spectral power
of total frequency band of HRV (Figs. 1 and 2), for
all diabetic patients from 7.4+0.2 to 7.9+0.2 In [ms?],
p<0.001, with no differences for impact of fasting
between groups (p=0.08). Cumulative spectral pow-
er of total frequency band increased during fasting
in patients with no CAN from 8.4+0.2 to 8.8+0.2 In
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Fig. 3 - Time-domain analysis of HRV: rMSSD (root of mean
square of differences of successive R-R intervals) in diabetic
patients with definite, early and no CAN as well as in non-di-
i abetic controls, in usual postprandial/postabsorptive state

(front bars) and after prolonged fasting (rear bars). p de-
scribes significant differences vs postprandial/postabsorptive
state in each subject category (intraindividual comparison).

[ms?], p=0.003, in those with early CAN from
7.0£0.2 to 7.7+0.2 In [ms?], p<0.001, and in those
with definite CAN from 5.2+0.2 to 6.0+0.3 In [ms?],
p=0.003. In contrast, non-diabetic controls demon-
strated only a non-significant change of cumulative
total spectral power during fasting: 7.7£0.2 vs
8.0£0.3 In [ms?]; p=0.19.

In general, an increase in cumulative power of high-
frequency band was more pronounced (for all pa-
tients from 6.5+0.2 to 7.3£0.2 In [ms?], p<0.001)
than that of low-frequency band and was significant
in all neuropathy subgroups, including that with def-
inite neuropathy (Fig. 2). No significant differences
between groups were found for impact of fasting on
changes in power in high frequency band (p=0.19):
increases in those with no CAN from 7.6+0.1 to
8.2+0.2 In [ms?], p=0.004, with early CAN from
6.1+0.3 to 7.120.3 In [ms?], p<0.001, and in those
with definite CAN from 4.3+0.2 to 5.2+0.3 In [ms?],
p=0.003. Non-diabetic subjects showed only a non-
significant increase of cumulative spectral power in
high-frequency band from 6.9+0.3 to 7.2+0.3 In
[ms?], p=0.15.

Cumulative spectral power in low-frequency band
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increased to a somewhat lesser degree but signifi-
cantly for the whole cohort of diabetic patients (from
6.6+0.2 to 6.9+0.2 In [ms?], p=0.004) and the dif-
ferences in impact of fasting in particular neuropa-
thy groups did not reach the level of significance
(p=0.07), although the respective fasting-induced
increases were more pronounced and significant in
both groups with CAN. Increases in cumulative spec-
tral power in low-frequency band were in patients
with no CAN from 7.5£0.2 to 7.5+0.2 In [ms?],
p=0.5, in those with early CAN from 6.3+0.2 to
6.7+0.2 In [ms?], p=0.02, and in those with definite
CAN from 4.5+0.3 to 5.2+0.4 In [ms?], p=0.02. Non-
diabetic group showed no significant increase of cu-
mulative spectral power in low-frequency band from
6.9+0.3 to 7.1+0.2 In [ms?], p=0.32.

The increase of HRV in diabetic cohort was evi-
denced also using traditional parameters of analysis
in time-domain. Significant changes were found for
rMSSD (root of mean square of differences of suc-
cessive R-R intervals; Fig.3) in diabetic patients
(whole cohort increased from 54.1+5.3 to 86.2+8.2
ms; p<0.001) with no significant differences for im-
pact of fasting in different neuropathy subgroups

R-R Interval [sec]
o
®
&

fasting |2

EARLY CAN
postabsorptive state
NO CAN
postabsorptive stat
postabsorptive stat

non-diabetic.
controls

DEFINITE CAN |
postabsorptive state |

diabetic patients

Fig. 4 - Time-domain analysis of HRV: averaged R-R interval in

diabetic patients with definite, early and no CAN as well as in

non-diabetic controls, in usual postprandial/postabsorptive state

(front bars) and after prolonged fasting (rear bars). p describes

significant differences vs postprandial/postabsorptive state in
‘ each subject category (intraindividual comparison).
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(p=0.07): in patients with definite (increase from
16.3+1.6 t0-25.3+£3.0 ms; p=0.005), early (from
35.4+3.5 to 74.4+10.8 ms; p<0.001) and in those
with no CAN (from 79.6£6.9 to 115.5+11.6 ms;
p<0.001) but in non-diabetic controls only non-sig-
nificant influences were registered (from 59.5+8.4
to 73.7+10.2 ms; p=0.1). Similar contrast was found
for the averaged R-R interval (Fig. 4; no differences
for the effect of fasting between groups, p=0.85)
which increased during fasting for the whole dia-
betic cohort from 0.81+0.02 t00.87+0.02 s; p<0.001,
for patients with definite CAN from 0.74+0.02 to
0.79+0.03 s; p=0.01, for those with early CAN from
0.76+0.02 to 0.82+0.02 s; p=0.001, and for those
with no CAN from 0.86+0.03 to 0.92+0.03 s;
p<0.001, No significant differences for non-diabet-
ic controls were assessed (0.89+0.03 vs 0.91+0.03
s; p=0.56).

Blood pressure values during fasting in a subcohort
of patients equally representing all neuropathy groups
have not been statistically different as compared to
the values measured in a non-fasting state (113.7+4.1/
73.243.0 vs 111.1+4.6/71.8+2.4 mmHg; p=0.10/0.44).

DISCUSSION

The present study documents the evidence that fast-
ing increases heart rate variability in diabetic pa-
tients with all degrees of cardiovascular autonom-
ic neuropathy, including its definite form. This phe-
nomenon was caused by an increase of parasym-
pathetic tone (23), although in patients with car-
diovascular autonomic neuropathy significant in-
creases of indices mainly attributed to sympathet-
ic components (24) were also documented. The
study was designed to evaluate effects of a fasting
period exceeding 13 -hours compared to a shorter,
usual interval starting from the last meal in a group
of diabetic patients and controls. The mentioned
time interval was chosen as clinically relevant as
it may occur in diabetic outpatients on flexible,
functional treatment in cases of postponed meals.
The practical exercise of one-day fasting was used
to motivate patients for this somewhat prolonged
fasting period necessary for the purposes of this
study.

Observations published so far on prolonged fasting
and its influence on autonomic innervation are scarce
(25). To our knowledge, no relevant observations
concerning the impact of prolonged fasting on au-
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tonomic function in humans have been reported till
now.

Although the mechanisms of fasting-induced regu-
latory changes have still not been completely de-
lineated, fasting is thought to increase vagal tone.
Gastrointestinal reflexes may play a role but central
control mechanisms are probably more important.
In rats, bradycardia induced by fasting was shown
to be due to suppression of norepinephrine turnover
(13). It is known that increases in plasma f endor-
phins and endogenous opioids may be induced by
exercise or by fasting (14). As they have a tonic in-
hibitory effect on sympathetic tone, they have been
implicated in the pathophysiology of vaso-vagal syn-
cope (15). Similarly, our study indicates that fasting
provides a relevant reconditioning of autonomic bal-
ance of the heart supply with significant enhance-
ment of vagal activity which was also illustrated by
the decrease of heart rate. Changes of blood pres-
sure during fasting, although clinically not relevant
in our patients might also have some influences.
Our study showed a stronger influence of fasting in
diabetes than in control non-diabetic persons. That
might be a demonstration of an already known phe-
nomenon that pathologic values (including blood
lipids, blood pressure values, values associated with
incipient CAN) are stronger influenced towards nor-
mal by physiological stimuli [among others by phys-
ical training (21, 26)] than normal values. Moreover,
our diabetic subjects, conventionally treated till the
time point of the investigation (ie, till their educa-
tional programme for functional insulin treatment),
were not used to fast for a longer time period than
about 8 hours during the night rest only, as under
conventional insulin treatment a late evening snack
is often used to prevent nocturnal hypoglycaemia.
On the contrary, fasting for longer periods than 8 to
12 hours are nothing unusual in healthy subjects.
The fasting period used in our study represents there-
fore a much stronger stimulus for diabetic subjects
than for healthy persons. In diabetic patients a post-
poned gastric emptying and the persistence of food
in the stomach during the control investigation on
non-fasting day could also modify the cardiovascu-
lar autonomic control.

The changes in spectral indices of HRV observed in
our study can be attributed neither to different lev-
els of blood glucose, nor to different time points of
the day during both investigations, as those were
carefully matched for intraindividual comparison.
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Although we did not directly control the respiration
rate during the investigation - patients were asked
to breathe in a fully relaxed manner - an indirect in-
dex of respiration rate (central frequency of high fre-
quency band, p=0.3 for intraindividual comparison;
data not shown) revealed comparable respiration fre-
quency during both recordings. Insulin and other
hormone levels were not assessed in our study and
common relative hyperinsulinaemia during the post-
prandial investigation cannot thus be excluded. How-
ever, hyperinsulinaemia could contribute solely to
an increase of sympathetic tone and to the increase
of power in low frequency band (27). As in our study
higher values of parasympathetic tone during fast-
ing were shown and on those days patients used less
than 50% of usual daily insulin consumption, the
differences in insulin level thus cannot be responsi-
ble for the demonstrated increase of autonomic tone.
The main consequence of our study should be a stan-
dardization of the time intervals since last meal,
when short-term spectral analysis of HRV will be
performed for diagnostic reasons in diabetes. The
recommendation of ADA consensus statement on
diabetic neuropathy (11) that patients should have
no food for 8 hours is applicable only for patients
under functional insulin treatment, where the food
intake according to a scheduled plan is not neces-
sary any more. In conviction that this group of pa-
tients unfortunately represents still a minority of the
whole diabetic population, we propose the accep-
tance of an interval of 2 to 4 hours since last meal,
which would allow the performance of the investi-
gation in the morning after breakfast till before noon
and then after lunch during the afternoon. Howev-
er, as circadian fluctuations of HRV are known, we
would prefer to recommend a morning or before-
lunch diagnostic assessment of heart rate variabili-
ty by short-term spectral analysis.

Further studies should be performed on therapeutic
use of decreased food intake such as very-low-calo-
rie-diet and prolonged fasting periods in diabetes.
All factors which might increase heart rate variability
should be welcomed, as it becomes apparent that re-
duced heart rate variability is associated with high-
ly increased mortality rate. Diminished HRV was
correlated with obesity (28) and other risk factors
for increase of mortality (29); fasting can be assumed
to positively influence all other risk factors associ-
ated with increased mortality such as high blood
pressure, hyperglycaemia and hyperlipidaemia, and

obesity. The question whether the increased heart
rate variability and increased vagal tone induced by
fasting in diabetes may decrease the risk of mortal-
ity, should be considered in future studies.
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4.3. Prakticka aplikace: vyzkum reverzibility CAN a kvantifikace efektu

nefarmakologickych opatreni - efekt spinalni stimulace

Uvod: Dalsi relevantni aplikaéni oblasti pro vy$etfovani HRV jsou kardiovaskularni
onemocnéni. V literatufe je popsana redukce kardidlni ischemie (Hautvast 1998) a
potencialné i zvySené uvolfiovani beta endorfin( pfi spinadlni neurostimulaci u pacient(
s chronickym postizeni korondarnich arterii a chronickou refraktorni anginou pectoris
(Anderson 1998) .

Cilem nasi prace bylo pomoci testu HRV posoudit vliv této stimulace na autonomni
regulace u 14 pacientll na této Iécbé. Pro tyto ucely byl testovaci protokol modifikovan, a
pacienti byli vySetfeni vsedé 3x po 5 minutach: (a) s vypnutou stimulaci, (b) s maximalni
snesitelnou stimulaci a (c) s poloviéni intenzitou predchozi stimulace.

Vysledky: Ve srovndni s vysledkem 5-minutového zaznamu bez stimulace (a) byla pozice
(b) spojena s vyznamnym poklesem poméru LF/HF (p=0.02) jakoZ i celkovym poklesem LF
Casti spektralniho vykonu (p=0.001). Vysledky této studie poprvé potvrzuji, Ze béhem spindlni
stimulace dochdzi k poklesu LF spektralniho vykonu, ktery dominantné reflektuje vliv

sympatikotonie.

4.3.1 Moore R, Groves D, Nolan J, Scutt D, Pumprla J, Chester MR: Altered short term heart
rate variability with spinal cord stimulation in chronic refractory angina: Evidence for the
presence of procedure related cardiac sympathetic blockade. Heart, 2004 ,90 (2): 211-212
IF3.1

(Origindlni publikace této prace in extenso zacina na nasledujici strané)
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Altered short term heart rate variability with spinal cord
stimulation in chronic refractory méginu: evidence for the
Eresence of procedure related cardiac sympathetic

lockade

R Moore, D Groves, J Nolan, D Scutt, J Pumprla, M R Chester

he first spinal cond stimulator was implanted  for
Tintm.ctab]c angina in 1987, Following this innovation

there followed extensive scrutiny of neurostimulaton in
patients suffering from comnary artery discase, with several
observational trals demonstrating the ability of spinal cond
stimulation (SC5) to diminish angina reduce the frequency
of hospital admissions, and improve quality of life.

SCS moderates the symptoms of angina by inhibiton of
pain perception through the release of spinal inhibitory
neuratransmitters at the level of the dorsal hom, and also
potentially by libemtion of cardiac f endorphins. In additdon
it has been established that neurostimulation also achicves
its benefit in part by reduction in candiac ischacmia! The
proposed mechanism for this observation is alterad cardiac
autonomic balance.

Heart rate variability (HEV) has beoen used to werify
this proposed influence on cardiac autonomic tone. The
two trials published to date, however, have failed to
demonstrate any such effect.®* Both studies used long
term Holter (24 and 48 hour) ECG recording intervals in
which bascline conditons were not  controlled  and
spinal ¢ond  sdmulators  were  actdvated only for a
minority of the posi-implant recording periods. The aim of
this smdy was to0 use short term HEV mcondings to assess
directly the influence of SCS5 on HREV in a controlled
cxperimental setting.

METHODS

Sixteen consecutive patents with chronic refractory angina
that was successfully controlled with SCS were recruited
from the neumstdmulaton cinic at the National Refractory
Angina Centre, The Cardisthoradc Centre, Liverpool from
May to July 2001,

All patients had a Medironic Fisces quad phis clecmde
and a Medoonic XTREL I pulse generator implanted. Two
patients were incligible for the smdy on the basis of muldple
atrial and ventricular ectopic beats, which prevented assess-
ment of short term HEV.

Each patient was isolated for a period of 30 minutes before
HEV recording. A five minute high resolution 1000 Hz HEV
recording was taken with the SCS5 st at zem ouwput
maximum comfortable output and half maximum output
with the pulse width, frequency. and clectrode settings kefi
unaltered from their usual ircatment positions. To investgate
whether the order of reconding was capable of biasing results,
seven patients underwent repeat reconding without aliering
the SCS5 output from its original settings for the three
sequential five minute measuremenis. All the recondings
were made between 2—4 pm in a secuded mom with an
ambicnt temperature maintained at approximately 21°C and
the patient in a scated positon.
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The data wene acquired and processed wusing the
VariaCardio TF4 HEV monitor, which complies with the
recommendations of the joint American and European task
force.* All datasets werne checked for ectopic beatsinoise and
only datasets, which required three BR intervals or less to be
deletad, were included in the analysis. The power specium
density was caloulated using an established coarse grain fast
Fourier transformation method.

Differences between the HRV pammeters at each SCS
output setiing were evaluated using the paired Student's ¢
test. Variables with skewed distributon wene normalised
using logarithmic transformation (log.) before analysis. A
probability value of p < 0.05 was considerad significant.
Values are expressed as mean | SD).

RESULTS

A total of 14 male patients, aged 40-77 wears, wem
investgated. All patients had been previously diagnosed as
suffering from refractory angina, and the majority of study
participants (93%) had previously undergone cither commnary
artery bypass surgery or percutananils coronary angioplasry.

The mean low frequency/high frequency (LFHF) mtiowith
full power SCS was significantly reduced when compared to
recordings  taken during no  stimulation  (p o= 0{24)
(table 1). The mean LFHF ratio was reduced, although not
significantly, with stimulation at half vsual ouput when
comparad to bascline (p = 0498).

The mean natural logarithm of low frequency (log. LF) and
mean normalised LF power were both significantly lower
with no stimulatdon than with full power stimulaton
(p = 0001 and p = 001, respectively) and with half power
stimulation (p = 0001 and p = 001, respectively).

There was no significant difference comparing full power
to half power SCS (p = 0493, p = 0939,

There were no significant differences in absolute HF power
with SCS5 calibrated at the three different output settings.
There was no significant alieration in heart rate, or arterial
blaod pressure at the three SCS settings. Mo patient reported
angina during the study.

Seven patients underwent three. five minute recordings
without altering the 5CS settings (full output). In this group
there was no significant difference between any of the HREV
parameters,

DISCUSSION
S5CS in this smdy significantly altered speciral power
paramecters in HEV. The LEHF rato decreasod significantly

Abbresdobon s HF, ki {req.lm - HEY, feerd ot '\ur'l:‘:-.itr; IF, [
Frequency; S5C5, q:m-:‘g-:.lu'd :T'lmzﬁan
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IF /¥ ralin F W HMarmalised LF Marrnaiised HF
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=0 200 246 108 488 29 L &FF 1091 e 25 03 0 025 024 01
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with spinal stimmlation, as did absolute LF and normalised
LF spectral power density. These observations are consistent
with reduced candiac sympathetic activity during SCS.

Researchers have previously demonstmated indirect evi-
dence of reduced cardiac sympathetic activity with SCS in
man, and in a recent publication Foreman and colleagnes®
meportad a suppressive effect of SC5 on intrinsic candiac
sympathetic activity in dogs undergoing coronary artery
ligature. SCS is maximised at the lower cervical and upper
thoradc spinal segments, which correspond directly with the
portion of the cord mesponsible for sympathetic outflow.
Investgation with SCS has revealad a generalised local “ficld
cffect” with reduced neural activity mediated by alteration in
the balance of inhibitory and excitatory neumtransmitters.
Therefore, although SCS could alier parasympathetic activity
both directly and through interspinal neurons, its dominant
influence would be antidpated to be directly through
dimimition of spinal sympathetic activity.

This smdy also demonstrated that LF spociral components
were significantly diminished in the absence of perceived
paracsthesia with SCS. It may be postulated that prolonged
stimulation at this lower level could offer kessening in the
total ischacmic burden and possibly aliered arrhyihmia
thresholds for this patent group.

The arder of S5C5 settings was not randomised, which could
provide a confounding bias. The smudy was only pardally
blinded, as patients were aware of neurestimulaton at full
output. In addition the changes in cardiac autonomic balance
observed with SCS in this study were evident immediatey
after switching between outpui settings. Further work is
mequirad to see if these effects are more persistent with
increasing periods of sdmulation.

5C5 is becoming more and more widely used to treat
patients suffering with chronic refractory angina. This study
shows for the first time that stimmlaton of the spinal cond
interferes with candiac autonomic nerve traffic and suggestsa

passible mechanism of action through meduced resting
cardiac sympathetic tone. Further clinical smdies into the
effect of low output simulation on angina and ischaemia are
warmranted.
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4.4. Prakticka aplikace: vyzkum reverzibility CAN a kvantifikace efektu
nefarmakologickych opatreni - Fizené zpomaleni dechové frekvence

pomoci bio-feedbacku

Uvod: Pozitivni Gginek fizeného dychani HRV ve smyslu zlep$eni pocitu zdravi a well-
being je znamy napf. z vyzkum0 pévcl v hudebnich télesech (Vickhoff 2013).

Cilem nasi studie bylo ovéfit uc€innost nefarmakologického ovlivnéni vyse krevniho tlaku
pomoci fizeného zpomaleni respiracni frekvence domacim systémem RespeRate u 32
pacientl s metabolickym syndromem, v cross-over designu ve skupinach bez a s 8 tydenni
domadci |é€bou. Principem lécby je fizené zpomaleni respiracni frekvence za pomoci bio-
feedbacku na 6/min pomoci 4-6 kratkodobych v priméru 12-minutovych sezeni tydné, po
dobu 1-2 mésich. Systém tvofi hrudni pas registrujici respirani exkurze, propojeny
s pocitacovou jednotkou, uddvajici do sluchatek dechovou frekvenci v podobé hudebnich
akord(. Dechova frekvence se tak z pavodnich 10-15 cykl( za minutu sniZi aZz na cca 6/min.

Vysledky: Vzhledem k jiz vstupné dostatecné kompenzovanym hodnotdm krevniho tlaku
byl efekt domaci aplikace RespeRate na hodnoty krevniho tlaku u téchto pacientl mensi nez u
téch, ktefi vstupovali do studie s vys§imi hodnotami TK. Po 8-tydennim pouzivani systému
fizeného dychani RespeRate doslo u uzivateld k signifikantnimu poklesu systolického krevniho
tlaku a hodnoty pulse pressure v 24h ABPM (p=0.01), zatimco u kontrol nebyly zmény
statisticky vyznamné. Rovnéz doslo ke statisticky vyznamnému poklesu centralni frekvence
v HF spektru HRV (x=0.13+0.11 Hz vs 0.08+0.07 Hz, p=0.04), a posileni spektralni energie v LF
(p=0.02), coz odpovida principu pouziti systému, fizenému zpomaleni respiracni frekvence.

Zavérem lze konstatovat, Ze i u optimdlné kompenzovanych pacientll s metabolickym
syndromem je 8-tydenni fizené zpomaleni respiraéni frekvence Gc¢inné ve smyslu mirného
poklesu krevniho tlaku. V ptipadé systematické aplikace lze metodu povazovat za efektivni

nefarmakologickou intervenci k podpozZe reverzibility kardiovaskularni autonomni dysfunkce.

4.4.1. Howorka K, Pumprla J, Tamm J et al. Effects of guided breathing on blood pressure and
heart rate variability in hypertensive diabetic patients. Auton Neurosci 2013, 179: 131-
137.IF1.4

(Origindlni publikace této prace in extenso zacina na nasledujici strané)
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Effects of guided breathing on Iﬁ::lqnﬁcl pressure and heart rate varability in
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ABSTRACT
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eywards:

Device: guided breathing

REPeRATED

Dubedes

Hypertan:sion

Fandomired commolled study
Ambulatory b bod jprssune mon foring
Heart rate varish ity

Spearal analysis

Ohjerdve Our &im wis 1o investigate medium-term e feas of device-guided breathing on blood pressure (BF)
and its capacity © improve the ardiovascular sutonomic balance in hypertensive diabetic patient. This fassibi-
ity study ws conee ived 5 2 proof-of-omoept trial under real e conditions for justificationof furtver imvestigs-
s
Methods: A random ized, controlled sudy [RCT) of theelfects of device-guided skow bre atring on top of uswal care
against wsual care slane [ including non-pharmseol ogical and pharmsmlogicsl tre Xment) The inervention in-
duded 12-min sessions of guided breathing performed daily Tor 8 weeks. Treatment effeas wene assessed
with amibulstory blood presswne momn toring [ 24 h ABPM ) and withs pectral anahysis of short & m heartrxe var-
iabvility [ HRV ) obtained during stand ardi zed modified orthostatic load Thirty -two subjeds with disbetes and an-
iy perensive therapy were randomly assigned toboth study groups.
Resuli: After 8 weeals of guided breathing significant reductions were demonstrated in 24 h systolic BP
[ + SEM: 1261 + 3.0vs 1232 + 27 mm Hg p= 001}, and in 24 h pulse pressure (PP, 36 £ 26w,
513 + 2.5 mm Hg p = 0.01), whe ress no significant impact in the @natral group wis shown. The differ-
ences in treatment effects [delta mm Hg RESPeRATE® vs conmol) were significant only for PP [— 23 +
08 vs +02 + 12 mm Hg p = 005) Srrong baseline dependence ol treatment effects [delta systolic BF)
wiks olserved [p< Q01 ). Guided breathing showed a stronger treamment elfect in &rms of an incre xe in
HEY, predominantly in low frequency band (p = 0,03 vs. usual care).
Conclumion: Even in well controlled hypertensive disbetic patients, guided breathing induced relevant
effects on BP and HEV, finding which should be investigated further_

D 2013 Hsevier BV, All rights reserved.

1. Introd uc Hon

2003; Elliot et al., 2004; Meles et al., 2004; Logtenberg et al., 2007,
Altena et al, 2009; Schein et al, 2009), a 1 2>minute daily u= over

Hypertension is a serious cardiovascular risk factor, with a preva-
lence of up to 28% in Morth America and 44X in Europe As only 28X of
patients are adequately controlled [Wolf-Maier et al., 2004), additional
non-pharmacological blood pressure lowering might save complica-
tions and postpone death.

Slow, device-guided breathing has been shown to effectively reduce
bilood presure. In several studies [ Rosenthal et al, 2001 ; Viskoper et al.,

¥ Author's contrbutions: ¥ing@ Howorka and | Pumprh comtribued equally o the

.
" Souree of funding wark funded by the nongmfit Reeaxh Croup Funcsonal
Rehabiltasion and Croup Education (reghsterd assodation in Austriall
* Caresponding author at Center of Medical Physics and Biomedical Enginessting.
Medical Unnersity of Vienna, AKH 41, Wahnnger Glmel 18-20, 1050 Vienna, Ausiria.
Tel: + 431 0400 2981 ; Bx: +43 1 20361
E-mymil medebreee eimga: hevesor ke rmesdhun waenLarat K. Howeonka i

1566000 28 = see front matter © 2013 Fleevier BV. All rights reserved.
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& weels resulted in consstent lowering of systolic and diastolic blood
pressure. The pathophysickogical mechanism of BP lowering with sl
breathing is not fully elucidated yet Inappropriately high sympathetic
nervous outflow from the central nervous system is believed tobe an
important component in the development of hypertension, inducing
an increase in candiac output and peripheral resistance [Smith et al.,
2004). A better understanding of the guided breathing mechanism of
action would allew for an appropriate target group selecton and
hence for a more appropriate allocation of resources and reduction of
clinical sde effects when phamacological imtervention becomes
neCessarny.

Three-dimensonal spectral analysis of short-term heant mte vari-
ahility using fast Fourier transform offers a unigue instrument for an
instantaneous guantification of sympathetic and pamsympat hetic car-
diovascular autonomic contmol (Howorka et al., 198 Pumpra et al.,
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2002; Howrorka et al, 2010). Autonomic dysfunction is commeon in
diabetes and hypertension [Gerritsen et al, 2001) and worsens the
life prognosis (Ewing et al, 1985). Hypertension and diabetes mellitus
are intemelated diseases, and dominate in metabolic syndrome. k is
estimated that more than 60 of diabetic patents suffer from hyper-
tengon [Amuz-Pacheco et al. 2002), which increases morbidity and
mortality (Mormish et al, 2001). In diabetes, a near-normalization of
blood pressure towands values below 130/80 mm Hg is recommended
[Mogensen, 2008 ; ADA, 2004), since it remains the main risk factor for
micro- and macrovascular diabetes complications

Diabetic autonomic neuropathy is related to an increased all-cause
maorality risk in diabetic patients (Ewing et al., 1985; Zieger et al.,
1992; Vinik and Erhas, 2001; Gerritsen et al, 2001; Wheeler et al.,
2002]. The most life threatening condition is an advanced cardiovasos-
lar autonomic neuropathy (CAM). Heart ate variahility (HREV) is a mea-
sure o FCAN and ispartly related to the breathing mte A lower breathing
rate is associated with anincrease in HRV [ Fitzalis et al, 199 8). Furt her-
more, a prolonged exhalation also resultsinanincreased HREV [ Strauss-
Blasche et al, 2000). Short+term spectral analysis of HRV recorded
under stand ard ized conditions over three time sgments duringa mod-
ified orthostatic test, provides a fast, objective, non-invasive and repro-
ducible method to detect even early stagesof CAM and their dynamics in
diabetes (Howorka et al., 1998; Pumprla et al, 3002).

Several studies have shown that controlled slow breathing results in
a decrease of systolic, diastolic and mean arterial blood pressure, and
al=n in an increase of HEV (Patel et al, 1985; joseph et al., 2005;
Finheim et al, 2007). Our hypot hesis was that guided breathing with
RESPeRATE® improves autonomic functon. More specifically, we hy-
pothesized that it would reduce blood pressure values and increase
heart mte variahilityin diabetic patients with hypertension. W e wanted
to investigate guided breathing-related effects within a controlled trial
[imtervention vs usual care ) to filter out potential placebo- [study-) re-
lated effects. More specifically, our aim was to estimate its therapeutic
potential asan additional non-pharmacdogical treatment option in am-
bulatory diabetic patients with hypertenson already treated by phar-
macological agents.

This feasibility study was conceived as a proof-of-concept trial under
real life conditions asa justification for further and more profound (and
costly) imvestigation
2 Methods

The study was cammied out in accondanc e with the EU-GCP guideline
and in accordance with the guidelines of the Declamtion of Helanki
[1964), inchiding recent revisions [Declarmtion of Helsnki, amended,
2008). Study protocol was approved by the local Ethics Committee
[EudaCT Mo 2011-003839-53). Each subject signed an informed con-
sent form before inclusion in the study.

21, Study interven Gon: device guided Breathing with R ESPeRATE® in addi-
biom o “wswal care®

Guided breathing using the RESPeRATE® device was used as study
intervention procedure. The device consists of a breathing sensor posi-
tioned on the chest, headphones and a com puterized unit (Fig. 1). The
breathing sensor analyzes the individual breathing pattern and creates
a permnalized melody composed of two distinct inhale and exhale
miding tones The exhalation tone is gRdually prolonged, therehy
slowing down the breathing which finally leads to less than 10 breaths
per minute. An intemal memary is inchuded in the device, which regis-
ters and stores date, time, duration and effective use in each treatment
sescsion. The time the user spends with a breathing rate of less than
ten breaths'min is called “effective time™ and is quantified. The target
time period for the use of the device is one session (at least 12 min)
per day acmrding to the recommendation of the manufacturer (based
on experience from previous clinical investigations ).

Fig- 1. Principles of device guided paced breathing: {1) monitorin g breathing movements,
{2) composing breathing guiding iones, and (¥) synchronizing breathing mowmenis
with the guiding tones | by courtesy of Interour Inc ).

Im our study, RESPeRATEE was used as an add-on on top of the usual
pharmacological and non-p harmacological treatment. All study subjects
had a history of participation in a structured patient group education on
diabetes and hypertenson [Howorka et al, 2008 ; Pumpra 2008)

22 Control intervention: “wsunl care®

The control intervention inchuded the usual treatment as taught dur-
ing structu red hypertension education [ Howorka et al, 20009), whichin-
cludes the ‘clasical’ recommended non-pharmacdogical measures
[=alt red uction./DASH diet, weight reduction, endurance and or muscle
hypertrophy trmining, Chobanian et al, 2003), and - if necessary - indi-
vidual phamacotherapy (usually 1-3 agents; mainly ACE inhibitors
and/or martans, if necessary other agents), and at least two self-BP-
measurements perweek.

2% Research design

Randomized, contmolled trial (RCT) of effects of guided breathing
with RESPeRATE® on top of usual care against usual care alone, while
“standard” treatment and usual care remained unchanged [non-phar-
macdogical and phammacological treatment based on structured
gmup education and individual counseling). Inmtraindividual and
intergroup comparison of ambulatory blood pressure  momitoring
[24 h ABPM) as well as HRV target parameters betaeen haseline and
values obtained after & weeks of either intervention [ systematic, daily
use of guided breathing) or no intervention [ *usual care™). Randomiza-
tion was performed usng wwnw_randomiza tion com, Patients were @n-
domly allocated to one of the two groups as described in study p rotoool
submitted to the local Ethics Committee. The study was conducted ina
way that patients were lzpt blinded regarding their group a=ignment.

2.4 Inchesion and exchesion critenia
241, Inchesion criteria

Clinical manifestation of diabetes mellitus (types 1 and 2) for
at least three months, age 18-78 years, history of hypertension
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[=130/80 mm Hg) and concomitant antihypertensive medication,
acceptable level of hypertension control (at least 50% of BP self mea-
surements within target limits, e below 130/80 mm Hg in diabe-
tes), structured education, at least sedentary compliance, capahility
of self-monitoring and recording the values, and understanding the
informed consent.

242 Exchesion criteria

Uncontrolled hypertension with acute need for medication adjust-
ment, insuficiently contralled diabetes with acute need for additional
pharmacological intervention, inability for sysematic use of gpuided
breathing, severe autonomic neuropathy (total cumulative power
below 100 ms"total Ewing Score > 3), pregnancy planning or current
pregnancy, extraordinary cimumstances and/or treatment which
might severely influence blood presaure control and/or heart rate and/
o heart rate varability during the study, circumstances which might
interfere with applicability of study inguments, any history of disease
which could interfere with the objectives of the study, eg. severe psy-
chological disorders including drug abuse and/or selFdestructive be-
havior, deafness severe symptomatic cardiac inmufficency, atrial
fibrillation or clinically apparent coronary heart disease.

25, Conoomifant medicofon and study relnted restric Gons

Study participants could not receive any other treatment than that
for diabetes hypertension and hypedipidemia or for another stable
chronic condition (such as thyroid replacement for hypothyroidism)
throughout the whaole sudy period. Concomitant medication for all
chronic conditions remained unchanged during the study.

In accordance with the study protocol, subjects had to abstain
from atypical stremuous physical activity or atypical life circum-
stances for at least one day before the investigation days, as well as
from other activities which might interfere with the study-related
questions. Patienmts kept their usual dietary habits consistent
throughout the sudy. They were educated in intensified treatment
of diabetes [ Functional Insulin Treatment, Howorka, 1996) and hy-
pertension as described (DiabetesAT® Curriculum, Howaorka et al,
2008 A usual frequency of blood glucose self-monitoring (appmo.
five daily measurements in insulin-treated diabetes) and at least
e blood pressure self-measurements per week were asked for during
the sudy. Patients’ records including documentation of self-monitoring
and imterventional sessions with RESPeRATER were kept. The primary
compliance endpoint quantififing “appropriate use™ of the device, was
the “effective time”™ accumulated over the B-week treatment period,
using the data-logring capability of the device.

26, Patients

Thirty two diabetic patients with hypertenson and/ar already using
hypertensive treatmentwere recruited. The potential study participants
who met inclusion criteria were selected by the principal investigator
and co-imvestigators The final study population inclided n = 32 dia-
betic patients with hypertension and antihyperensive treatment
[male: 17, age: 493 + 11.7/5D/, diabetes duation: 258 4+ 126 year,
HbAlC: 7.7 &+ 095, type 1 diabetes n = 25, insulin thempy and AT-ed-
ucated n = 31, hypertension-educated n = 32, number of antityper-
tengve agents’day 1.6 + 1.1, normoalbuminuria: n = 30, histary of
previous hyperalbuminuria n = 4, currently increased albumin excre-
tion rate n = 2).

27. Main methods of asse sment

Ambulatory blood presaure monitoring [ ABFM) over a 24 h period,
and spectral analysis of short-term heart rate variability (HRV] in
time- and frequency-domalMS asobtained with VaraCardio TFS during
sandardized modified orthostatic load [ supinel-standing—supine2 ).
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28 Ambulatory blood presure monioring (ABPM )

ABFM was performed usinga BoSo ThM-2420 PC system according to
the recommendationsof the Austrian Hypertension Society (Slamyet al.,
2008). Addition al outoome variables such as mean systolic and diastolic
blood pressure, pulse pressure, mean heart rate, and night-time dipping
wemre assessed as described

29, Spectral armlysis of HRV

Short-term spectral analysis of HRV was calculated from recondings
obtained during the modified orthostatic load consisting of 15 min of
artifact-free records, using a VariaCardio TP system [ Advanced Med-
ical Diagnostics Group, UK) (Howorkaet al, 1998; Salingeret al, 1999;
Pumiprla et al, 2002; Howorla et al, 2010). R-Rinternals were recorded
with mmpling ate of 1000 Hz. Computational method was based on
miedified fast Fourier tansform (FFT). Recordings were obtained in
three consequtive positions [supine-standing-supine), each lasting
300 s in recording time. Artifacts were labeled, and a specific algorithm
imputed beatto-beat intervals throughout an artifct period to pre-
serve time relationships of the adjacent, uncorrupted heart rate data
[Pumprla et al., 2002). The final results were immediately displayed
an the monitor as three-dimensional running spectra (see Fig. 2).

Parmameters o ffrequency-domain HRV were measured in every posi-
tion within the very-low frequency [VLF, 0U01-005 Hz), corelating
among others with activity of baro-and thermaoreceptors, low freguen-
oy (LF, 0.05-0.15 Hz) mimoring the combined sympathetic and para-
sympathetic control, and high-frequency bands [HF, 0.15-0.40 Hz),
comesponding exclusively to pamsympathetic tone, as well as total
spectral power (TF, 001-0040 Hz) representing the degree of camdiac
autonomic dysfunction in diabetes [Malik and Task Force, 1996;
Howorka et al. 1998). Main outcome variables were total spectral
power |unit ms"] and spectral power in all three frequency hands indi-
vidually. To amess even small intraindividual changes in global auto-
nomic tone during the trial, we wsed cumulative indices [spectral
power of freguency hands with its main frequency components
obtained over all three positions during the orthostatic load, Howorka
et al., 1998). Time-domain analyss included the averaged R-Rimtervals
[ms ), RMSSD, root of the mean sguare of difference of succesdve RB-Rin-
tervals (ms) as well as SDNN, standard deviation of all normal intervals.
Because of the skewness of the frequency-domain data distribution, a
natural log [IN) tansformation was performed to produce a normal
distribution before the final results were analyzed.

[ nf;. . A
PARASYMP.

na al
YMP.
(+PARASYMP.)

04 He

Fig_ 2 Thre=.d imensional display of HEV pattern was o btained during 2 mindifisd artha-
st boad (sndardieed amoms ment by VariaCasd o TRSE in position s supines-standing-
supine, each paosition 300 5. Horzoni] acs: frequency of flucuations of B-R intervals
{He}; vertical axis: power speciral density (ms"He ); z-as: Gme relapsed [5), madified
et Salinger stal 1999; Pumprla st al 2002
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210, Statistian] me thods

Treatment effects were gquantified by generation of delta values, cal-
culated imtraindividually as the arithmetic difference between vales
after and before treatment. Intraindividual imerventon-related differ-
ences to baseline values were determined using paired t-tests, differ-
ences bebween study groups were detected through unpaired t-tests
or Wilcoxon tests where appropriate. One-tailed t-tests were applied
to detect differences in treatment effects between groups [ superionty
comparison, Sackett, 2004; Schein et al, 2009). Nomality of frequency
distributions was amessed by Kdmogormv-5Smirnov good ness-of-ft
testz. Comelations bebween haseline values and intervention effects
were described with a linear comelation model using Pearson coeffi-
cients. All statistical testsused an alpha level of p - QU05.Initial data pro-
cessing and cakulations were run with Micmosoft Excel 2007, statistical
analyses were performed with [BM SPSS Statistics 180 and SYSTAT 12
[SYSTAT Software Inc. 5an Jose, CA, LISA).

3. Results
3.1. Guided breathing pe fformance and compliznce analyss

Patients in the intervention group demonstrated sufficent compli-
ance with the prescribed method for use of the guided breathing device.
We found that for a stable, reproducible session perfformance, patients'
experience with five and more mided breathing se=ions was needad.
Patients spent mast of their time [86%] at slow breathing mte (in aver-
age around & breaths per minute, while values below 10 breaths per
minute were indicated eardier as the thempeutic effect threshold,
Elliott et al, 3004.). In a typical session, taking at least 12 min, a trend
ofslowing down the breathingrate from 9-10to 5-6/min could be con-
sistently observed, which finding corresponds with recorded prolonged
exhalation time and excellent compliance. An average exhalation time
was about 50% longer than inhalation time. The average degree of syn-
chronization between breathing movements and the guiding tones, as
provided by the device, was 72X, These results indicate good perfor-
mance with the device guiding instructions

32 ABPM

With exception for heart mte, no diferences between treatment
groups were found at baseline [ see Table 1 and Fig 3). Subjects already
displayed a fair or good contmol of their blood presure even before the
shudy.
In the intervention group, the guided breathing induced a significant
owerall reduction of systolic 24 h BP (x &+ SEM: 1261 &+ 30 vs
1232 + 27 mm Hg p = 001), non-significant reduction of systaic
day time blood pressure (1293 4+ 30vs. 1271 £ 27, p = 006), a sig-
nificant reduction of pulse pressure (PP) in 24 h (536 + 26w 513 &+
25mmHg, p=001), and daytime PP [548 + 28 w 528 %
26 mm Hg, p = 004), as well as non-significant reduction of 24 h
mean arterial pressure (9003 4+ 1.7 v, 890 + 1.5 mm Hg, p = 008,

Take1
Patient characteristics 2 haseline in both neatment groups
Remperate + usal care Usual care p=
M 16 16
Age | years) a4+ 113 ZBE+ 124 ark
Sex M=8F=8 M=8F=7 1]
Type of diahetes td =1gd = 5 tid = 1akd = 2 @19
Waght [kg) 800+ 169 I+ 170 54
‘Waist droumferen e (om) 921 + 152 00+ 115 Q&7
Diahedes duration {years) M6+ 115 214140 ars
Proeimmia (medin Q103 g SO 55575 LIS
Inital heort raie in 24 h AHPR nm+7 Tmi9 Lilie]
(bpm)

140

- [ usual care
100 W resperate
L ’
40
m §
o1
S¥524h Di&zah MAPZEh PP2dh

Fig- 1 Camparson of hassine whes (x + M) batween ireatment groups. Mo differ.
ences for sysinkic { 5% 24 h), disstolic (DLA 24 h) BF, mean arerial pessune (MAP 24 h)
amd pulse press ure (PP 24 h) were found befare the study.

whereas in the control group the non-imtervention [“usual care™
alone ) induced no significant changes The eflects of both intervention
types - i.e RESPeRATE® use vs usual care alone - are summarized in
Fig. 4

Even though guided breathing induced mare pronounced effects on
systalic blond pressure, the differences between groups for the impact
of treatment (delta mm Hg Fig. 4) were not significant, the only excep-
tion being pulse pressure [ —23 vs. 4+ 02 mm Hg, p < (L05). Similarhy,
no differences between group-spedific treatment effiects were found
neither for daytime nor for nighttime blood pressure, as well a= for
night-time dipping probably due tothe high variahbility of these target
variables. A strong dependence of treatment effect (deha systolic
mim Hg) on haseline blood pressure values in both groups was found
[r= 059, n= 32 p=001), see Fig. 5 Significant baseline depen-
dence was given for 24 h daytime systolic (p «< 0U001), 24 h total dia-
stolic blood pressure (p = 0L013), and 24 h total and daytime pulse
pressure (bothp = 0U00E]L

3.3 Heart rate vanabiiy

At baseline no significant differences between treatment groups
weere found for all target variables of heart rate variahility (all p == 0.13).

3.31. Frequency domain analysis

Im comparison with ‘usual care® alone, guided breathing induced a
significantly stronger treatment effect in low-frequency [ LF, p = 002),
in combined low and high frequency hands [LFHF, p <= 0L05]) as well as
a non-significant effect in total spectral power over all three frequency
bands [p = W0G), always as cumulative value over three positons su-
pine—standing-supine. Fig & summarizes treatment efiects (dela

E - -
; | l
E g -1 . —— ‘
£ £ 2 =
%ﬂ 5 Cusual care
&

ES W resperate
" 'l
£ .05
&

5

5¥52gh Difzdh MAP24h FPZdh

Fig- 4 Comparison of teatment affscs (x + SEM) after® wesds of guided breathing s
] e alone The pulse precuse was sgnificntly sduced [P 24 b, p-< Q) while
the differences betwesn the tregtment impacs on sysiolic blood presame [(2Y5 24h
P = 18], dizstolic BF (DIA 24 h, p = 0.43) and mean arteral pesare (MAF 24h
P = 36), &id not reach signifiancs in ambulasery HP monforing.
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Baseline 24h systolic BP {(mmHg)

Hg 5 Hameline dependenos: Correlation hetween treptment efisct 25 dela (mmHg) and
3 h hasedine sysiolic BF values, p = Q01 for both groups, y = — QO0rAC + OLCT8Ex —
BRAR r = 058

‘after’ — ‘haseling’ LN spectral power in individual frequency bands) in
bath study groups.

The intervention group showed a significant reduction of centroid
frequency in the high frequency band (HF, x = — 13 &+ 11 mHz v=.
+8& + 7T mHz, p = 0.04) which comelates with a slower spontaneous
respiration rate induced by the guided breathing imtenvention

332 Time domain analysis

At baseline, no significant differences for ime domain paameters
[mean R-R interval, SDNN, EMSSD | were found, alt hough the interven-
tion group displayed non-sgnificantly longer mean R-R intervals
906 + 137 ms as compared to the non-imtenenton group 836 4+
97 ms, comesponding to dightly slower heart rate in the intervention
group in 24 h ABPM. No significant differences were found for treat-
ment efiects between both sudy groups.

4. Discussion

Ourstudy is the first mndomized controlled trial that reports effeds
of device-guided breathing in diabetic patients, using 24 h ABPM. In
previous trials, either only a casual/office BF was measured [Schein
et al, 2009) or ABFM was used in non-diabetic individuals [ Rosenthal
et al, 2001 ). Our hypotheses, that guided breathing would positively in-
fluence autonomic control and further imp ove of blood pressure con-
trol, hawe been confirmed in our setting: in already well controlled
hypertensive diabetic patients, a consistent use of the device for a

08
ap | pe0OE  pel02 p=031 p<DOS pe0.06
a7

e 0E lusual care

E 0.5 Wresperate
Q.4

B 03

‘i .2

-3

= 00

E A1
40,2

x..
o -33\# r;:" «

@ .
Hg & Comparison oftreatment efiecs | dela LNx pactral power + SEM) betwesn groups.
Target variables: cumulative speciral power over 3 positions — CumyLF123 (wery low fre-
quency band), CumlF1 3 (low frequency hand), CumHFE [high fequency band),
Cuml FHF1XS {low and high frequency hands), and CumBotPow] 2 (ioh] frequency
fhand |
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time period ofeightweeks resulted in small but measuable effects Sys
tolic blood pressure was further lowered by — 29 and the pulse pres-
sure — 23 mm Hg by guided breathing whereas no significant effect
could be seen in the control group with usual care alone. Since 24 h am-
bulatory BP is not biased by the white coat effect, the observed reduc-
ton by 3 mm Hg is clinically important (Mancia et al., 1995). In
contrast to office BF, mean 24 h ABPM values are generally accepted
to be most ly free of placeboeffect [Manciaet al, 1995) and ofthe statis-
tical artifact called “regression to the mean™ (0°Brien et al, 1991; Coats
et al, 1992) due to the large number of measurements involved.

Our study was conceived as a RCT to filter out a possible placebo
effect in “usual cae”™ group. Study-related effects (placebo of the
*usual care™ group) did not reach statistical significance, whereas the
systolic BP and PP reductions in the treatment group are significant
and not related to placebo effect According to J[NCT (JNC Tth report,
2003) “every mm Hg counts™; a 3 mm Hg reduction in systolic BP is
associated with % reduction in the mortality from stroke and with 5%
reduction from coronary artery disase. In diabetes the gains seem
even more relevant Therefore, the 3 mm Hg systolic BP reduction
observed in the treatment group is both clinically and statistically sgnif-
icant, placebo-free benefit As elevated pulse pressure is increasinghy
being recognized as a risk Boor for cardiovasular - particularhy
comnary — disease [Dart and Kingwell, 2001), the beneficial effect of
guided breathing in the intervention group is particulady relevant

These results are supported by increase of cumulative powerin HREV
predominantly in low frequency corresponding to combined sympa-
thetic and parasympathetic components. This finding correlates with
the observed shifi-to-left of cemtmid fregquency compaonent of the
[parmsympathetic) HF hand which implies slowing down of respimation
rate by guided breathing.

These significant effectshave been achieved for both, blood pressume
and heart rate variability despite the fact that diabetic patients rec nuited
for thiz study already displayed almost optimal blood pressure control
at haseline. Recent recormmendations (Mogensn, 2003, [NC Tth report
2003) for diabetes target high normal or even [in younger patients)
normal blood pressure values. In a similar study about mided-
breathing [Elliott et al., 2004) where the group using the RESPeRATE®
device achieved a blood pressure lowering of — 150 + 18 compared
to the non-intervention group with a blood pressure lowering of
“mly® —92 4 16 mm Hg, while the initial blood pressure values
were around 150 + 986 + 9 mm Hg, with only 77% of patients
using ph armac dogical treatment. Acconding to these studies, and taking
into account the wsual standard deviations of blood presaire values,
sample size of 30 patients appeared sufficient [Lenth, 2006). However,
the pre-study blood presure control in our diabetes and hypertension
educated patients was much better than in previous studies. Further
blood pressure lowering effect was small but still achievable in our
patients who were already using 1.6 phamacological agents per day
and were educated [Howorka et al., 2009) about another means fior
non-pharmacological blood presure meduction lile endurance and
miuscle hypertrophy training, DASH diet, weight control and sodium
restriction [JNC Tth report 2003). This fact undedines the efficacy of
the method and - considering the dem onstrated baseline dependence
of therapeutic eflects - illustrates its potential for patients with insuff-
cient bleod presure control Adjuvant non-pharmacdogical treatment
is simply a need. In many patients, simple life style modification pro-
vides a potential fr sufficient inital treatment Guided breathing
seems to prowide such an additional and complementary option for
treatment

As demonstrated previously, only teo non-phamacological mea-
sures are known toimprove heart mte variabilityin various stagesof au-
tonomic neuropathy in diabetes so far: food restriction or fasting
[Howrorka et al, 1997h) and systematic endurance trRining [Howorka
et al, 1997a). As showm in our current study, guided breathing provides
one mare option for influencing autonomic nervous contra in diabetes
in a podgtive way. As many patients require multiple combinations of
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pharmacobkogical agents, which per se could diminish heart rate variabil-
ity, guided breathing seems to provide an important, complemen tary
adjuvant treatment affecting both, blood pressure as well as autonomic
function, in an advantageous way. In our study, the §-week systematic
use of guided breathing induced a slowing of spontaneous breathing
rate in intervention group, which is declared to be the main treatment
effect of the device (Schein et al. 2001, Viskoper et al, 2003; Elliot
et al., 2004).

Beyond the specific necessity for optimal control for diabetes,
international guidelines recommend applying lifestyle modification
in hypertension therapy (JNC Tth report, 2003). Additional non-
pharmacological treatment could enhance antihypertensive treat-
ment strategy, as they could be used to reduce the amount of drugs
needed to control hypertension and therefore reduce side effects.
In diabetes, hypertension after decades of thempy duation requires
usually 3—4 pharmacological agents. Treatment adherence remains
very low [Poluzzi etal, 2007), so that further approaches to comple-
ment the complex pharmacological thempy are necessary to reach
the therapeutic goal.

5. Conclusions

Even in already well controlled diabetic patients, guided breathing
had beneficial influences on cardiovascular autonomic control and a
measuable impact on BP control. 1t enriches available options for
non-pharmacolegical blood pressure and pulse pressure reduction. 1F
consistently used, muided breathing enhances restoration of physiolog-
cal autonomic balance in patients with diabetes and hypertenson. Our
initial investgation reveak findings relevant enough to justify further
investigation of the impact of guided breathing in hypertensive diabetic
patients.

List of abbrevirtons

ABPM  Ambulatory blood presure monitoring
ACE Angictendgn-converting enzyme inhibitor
ANOVA  Analysis of variance

BP Blood pressure

CAN Camdiovascular autonomic neuropathy
DASH Dietary ap prmaches to stop hypertension
DA Diastolic (bleod pressure)

ECG Electrocardiogram

AT Functional Insulin Treatment

HbAlc Hemoglobin Alc

HF band High frequency band

HRV Heart mte variahility

LFband Low frequency band

LN MNatural logarithm

MAP Mean arterial pressure

RMESD  Root of the mean square of difference of normal successive
R-R intervals

PP Pulse pressure

R-Rinterval Intenal between two nomal successive R waves
RCT Randomized controlled trial

SDMN  Standard deviation of all normal R-R intervals

5 Systolic (blood pressure)

VLFband Very low frequency band
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4.5. Prakticka aplikace: vyzkum reverzibility CAN a kvantifikace efektu

nefarmakologickych opatreni - radiofrekvencni redukci podkozniho tuku

Uvod: Selektivni redukce subkutdnniho abdomindlniho tuku pomoci neinvazivnich
fyzikdlnich procedur typu radiofrekvencniho elektromagnetického zareni nebo kryolipolyzy je
jedna z nejzaddanéjsSich procedur v neinvazivni estetické mediciné. Nicméné, bezpecnost a
ucinnost nabizenych metod dle akceptovanych védeckych standard( byla ovéfena a
publikovana pouze u minima technologii.

Cilem nasi prace bylo ovéfit bezpecnost a ucinnost nové bezkontaktni radiofrekvencni
technologie Vanquish® pti redukci podkoZniho tuku, ktera se pouZziva v neinvazivnim tvarovani
téla u pacientll s elementy metabolického syndromu s BMI 25-30 kg/m?>. Provedli jsme
retrospektivni analyzu 20 klientek naseho centra, které absolvovaly oSetfeni dle protokolu
vyrobce (4 sezeni po 30 minutach) a byly ochotné dostavit se k vysetfeni/follow-up vizitam 1 a
3 mésice po oSetfeni. Kromé vysetfeni kardiovaskularnich autonomnich regulaci jsme rovnéz
vysetfili laboratorni parametry véetné adiponektinu a leptinu, C-peptidu a dalSich ukazatel(
inzulinoresistence.

Vysledky: Série ¢ty 30-minutovych osSetieni systémem Vanquish vedla k statisticky
vyznamné redukci obvodu pasu, méreného na predefinovanych mistech v obdobi ihned po
ukonéeni osSetfovdni, 1 a 3 mésice poté (p<0.02-0.001). Signifikantni korelace (r=-0.58,
p=0.007) byla nalezena mezi redukci obvodu pasu a vstupni hodnotou VLF (very-low-
frequency) spektralniho vykonu, ktery odpovidd sympatiko-termoregulaénim aktivitdm
organismu (Task Force 1996), viz Obr.21. OSetfeni mélo okamzZitou (20+14min po ukonceni)
pfechodnou odezvu v elevaci sympatikotonu (p=0.02) a poklesu tonu parasympatiku (p=0.05).
Nicméné dlouhodobé (39+18 dnl po ukonceni) nevedla série oSetfeni k Zddnym zménam
v kardiovaskularnich autonomnich regulacich, viz Obr.20. Statisticky vyznamna korelace byla
vysledovana mezi vstupni hodnotou adiponektinu a okamzZitou autonomni odezvou po
oSetfeni vVLF a celkovém spektrdlnim vykonu jakoz i delta obvodu pasu po ukonceni
osetfovani (r=0.59, p=0.006 and r=0.45, p=0.04, resp.), viz Obr.22. Jako vysvétleni téchto
asociaci se zde nabizi napt. antilipolyticky vliv u hyperinzulinnich/ inzulinorezistentnéjsich
klientek. Tato retrospektivni analyza slouZi jako proof-of-concept pro prospektivni studii na

vétsi populaci.
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Zavér: Tento ndlez je v souladu se studii Matsumota et al, (Matsumoto 2001) ktery si

povsiml, Ze autonomni odpovéd na termogenni impuls nebo kapsaicinem korenénou

potravinu, sledovand v HRV spektru o velmi nizké frekvenci, byla u obéznich jedincl nizsi nez

evvs

o podilu autonomniho systému na regulaci energetické bilance organismu. Hypoteticky by

tedy snizeny vstupni vykon ve VLF pdasmu mohl implikovat nizsi sympatikotermogenni

odpovéd na terapeutickd opatfeni zamérend na redukci nadvahy a abdomindlni podkoZni

tukové vrstvy.

Obr. 20: Okamiity efekt radiofrekvenéni lécby systémem Vanquish® za ucelem redukce podkozniho
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Obr. 21. Uspésnost lécby (redukce obvodu pasu) vyznamné koreluje se vstupni hodnotou spektrdiniho
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vykonu v VLF pdsmu (r=-0.69,
p<0.001).




Obr. 22:

Obdobné, pokles procenta télesného tuku pfi bioimpedancnim méreni kompozice téla po
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4.5.1. Pumprla J, Howorka K, Kolackova Z, Sovova E: Non-contact radiofrequency-induced

reduction of subcutaneous abdominal fat correlates with initial cardiovascular autonomic

balance and fat tissue hormones: Safety analysis. F1000Research, 2014 (in press)

(Text této prace in extenso zacind na ndsledujici strané. Prijato do tisku v ¢asopise F1000

Research)
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Abstract

Background and objective:

The non-invasive reduction of subcutaneous abdominal fat became popular in the last
decade. Radiofrequency (RF), non-non-contact, selective-field device Vanquish® has been
developed to selectively induce deep fat tissue heating to reduce waist circumference. Our
analysis was designed to evaluate immediate and sustained effects of this treatment on

cardiovascular autonomic function and on selected metabolic parameters.

Study Design/patients and methods:

A retrospective, single site proof-of-concept analysis of selective-field RF treatment effects
was conducted in 20 individuals with metabolic syndrome, wishing to reduce the
subcutaneous abdominal fat. Four 30-minutes treatment sessions (manufacturer’s standard
protocol) were performed in l-week imtervals. Vital signs, ECG, lab screening, body
composition, subcutaneous fat thickness and spectral analysis of heart rate variability {HRV)
have been examined before, after the 1% and 4™ treatment, and at follow-up visits 1 month

and 3 months after the final treatment.

Results:

The RF treatment lead to a significant reduction of abdominal circumference after the 4™
session (p<0.001), and during follow-up after 1 month (p<0.001), as well as after 3 months
(p<0.02). There was a significant correlation (r=-0.58, p=0.007) between reduction of
abdominal circumference and initial very-low frequency (VLF) spectral power at follow-up
after 1 month. In terms of immediate effects of the treatment, a significant increase of
cumulative spectral power in low frequency (p=0.02, LF) and reduction in high frequency
{p=0.05, HF) band have been cbserved immediately (20414 minutes) after the treatment. On
the contrary, no sustained impact on autonomic balance has been recorded 359+18 days after
the treatment. A significant correlation was observad between the initial adiponectin values
and immediate autonomic response to one treatment, as observed in VLF and total spectral

band (r=0.53, p=0.006 and r=0.45, p=0.04, resp.).

Conclusions:
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Our analysis shows that the selective-fizld RF treatment is safe and efficient for reduction of
subcutaneous abdominal fat. While the treatment intervention increases the immediate
sympathetic response of the body to deep tissue heating, no sustained change in autonomic
function could be recorded 1 month after the treatment series. The observad correlation
between initial VLF spectral power and waist circumference reduction after the treatment,
as well as the association of initial adiponectin valuas and immediate autonomic response to
the treatment might be instrumental for decisions on therapeutic strategies in body

contouring.
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Introduction

Obesity considerably impairs individual health and aesthetic appearance. In addition to its
known health impacts - reduction of life expectancy and quality of life' — obesity leads to
numerous problems including disadvantages in employment’, in social interactions and
decreased satisfaction with own body image®. These aspects lead to social pressure and
subsequently to increased demand for effective procedures for weight reduction, body
contouring and beauty enhancement.

Central obesity is associated with insulin resistance and related components of metabolic
syndrome that can be typically treated by nutritional, behavioural and lifestyle changes’.
Although the reduction of subcutaneous fat alone does not lead directly to reduction of
cardiovascular risk in obese subjects®, there is some evidence that the large-volume
liposuction might positively influence the insulinemia® and thus insulin sensitivity.
Furthermore, clinical experience shows that aesthetic procedures leading to improved
patient’s self esteem® often significantly enhance the mativation to further lifestyle changes
towards healthier goals.

Various invasive and particularly non-invasive body contouring procedures for reduction of
subcutaneous fat layers have been introduced in the last decads. While the surgical
liposuction still counts for the most effective gold-standard procedure in this respect’, due to
its invasiveness, downtime and side effects, a bunch of non- or semi-invasive procedures
became available as its indirect alternative on the quickly growing (often called “lunch-time-
procedure”) market®. However, despite many individual — often only anecdotal — user
reports, only a minority of methods is proven according to the evidence-based medicine
standards. Such evidence is available for efficacy of chemical lipolysis, based on injection of
phosphatidylcholine and deoxycholic acid®, and for selected energy-based technologies using
focused ultrasound®®, cryolipolysis'™ and/or thermal/radiofrequency for lipolysis'. Despite
the broad use in the practice, clinical safety data of these aesthetic procedures are scarce,
with only a few publications available®. Although these intensive procedures might have a
significant impact on autonomic homeostasis and individual health, to our knowledge, no
immediate or sustained effects of such treatments on autonomic function have been

investigated.
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Analysis of beat-to-beat fluctuations of heart rate (heart rate wvariability, HRV) is an
established tool to non-invasively quantify cardiac autonomic function. The frequency
(spectral) decomposition and quantification of irregular course of heart rate into three main
frequency bands allows a detailed view of differant domains of the cardiovascular control.
The short-term HRV spectral analysis is proven useful for assessment of impact of various
physiclogical stimuli on the body such as food restriction®®, endurance physical training® or
guided breathing’. In particular, the very low frequency (VLF) spectral band has been shown
to reflect thermoregulatory vasomotor mechanisms, changes in peripheral chemoreceptor
activity and fluctuations in renin-angiotensin systems'**%, In this respect, analysis of the VLF
band enables the guantification of sympatho-thermogenic autonomic responses related to
enargy metabolic control, as it has been demonstrated e.g. by an acute cold exposure, spicy
food containing capsaicin and green tea extract or low-calorie diet'™2,

The selective-field radiofrequency device Vanquish®, using electromagnetically induced rapid
oscillations of electrical dipoles to heat up the fatty tissue®, is increasingly being used for
reduction of subcutaneous abdominal fat. Its efficacy has already been demonstrated™.
Howevar, although the reported patient acceptance of these treatments was well to
superlative™, no metabolic and/or safety data have been published yet. Our aim was
therefore to evaluate the safety and efficacy of this novel technology in a proof-of-concept
retrospective data analysis of all clients who attended our dinic and were subjected to the
treatment including follow-up within the 5-months time period. This paper focuses on the
immediate and sustained effects of the treatment on the autonomic balance of the body and
related metabolic values. The analysis is thought as a preparation for a further controlled

prospective observation.
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Patients and methods

Study design

A retrospective, uncontrolled, single site proof-of-concept analysis of the impact of selective-
field radiofrequency treatment onm cardiovascular autonomic control and on selected
metabolic data (insulin resistance parameters and fat tissue hormones) was conducted in
overweight individuals with components of metabolic syndrome and visually detectable
excess of subcutaneous fat who wished to reduce the abdominal circumference. Data have
been routinely acquired before, at visits immediately after the 1= and 4™ treatments, and at
follow-up wisits in 1-month and 3-months after the last treatment. For assessment of
metabolic data, blood sampling was performed before, on the next morning after the 1% and
4™ treatments, and 1 and 3 months after the last treatment. Assessment of the intervention
affact on the autonomic balance, using the standardized analysis of short-term heart rate
variability as obtained during the modified orthostatic load'™®, was performed before,
immediately (acute effect) after the 1™ treatment, and 1 month (sustained effect) after the

last treatment. These data have bean acquired during routine services of the clinic.

Inclusion and exclusion criteria

The selective-field RF treatment protocol has been offered to all individuals with visually
excessive subcutaneous fat wishing to reduce their waist circumference. In the retrospective
avaluation of efficacy and safety all patients have been included who accepted the necassity
of follow-up investigations. Attendance of follow-up visits was a prerequisite for waiving
their treatment fees. No reimbursement or coverage of travel expenses have bean offered to
these patients.

The following standard routine criteria of our clinic for exposition to RF treatment were
applied: Inclusion criteria were age 20-70 years, both genders, BMI over 25kg/m?, abdominal
circumference over 80 and 94 cm in women and men, respectively, with at least 20 mm of
abdominal subcutaneous adipose tissue (as measured by calliper at predefinad locations),
stable weight over the last 6 months and signed informed consent on treatment. Exclusion
criteria were pregnancy or insufficient contraceptive methods, surgical liposuction within the
last 12 months, insufficiently controlled metabolic disease incduding diabetes mellitus of

both types, untreated hypo- or hyperthyroidism, uncontrolled liver, kidney or cardiovascular
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disease, implanted pacemaker or metal implant, acute or feverish disease, history of
thrombophlebitis, any haematological disease, chronic medication of corticosteroids, beta-
blockers, anticoagulants, insufficient treatment adherence or any other clinical or
biochemical condition bearing potential to interfere with the treatment targets. Females in
child-bearing age were educated about necessary contraceptive methods, and those

planning pregnancy in the following 12 months were not subjected to the RF treatment.

Patients

The study population consisted of n=20 (f=18/m=2) subjects with age 47.3+7.2yr, BMI
28.243.6 kgj'mz, abdominal circumference 96429 cm, insulin resistance HOMAZ index
1.49+0.80 with insulin sensitivity of 79.8+28.9%, fat percentage in body composition 38+7%,
blood pressure 138+12/7947 mmHg, and with reported insufficient aerobic activity/median
30/01=0, Q3=60/min wsekly. Chronic treatment of concomitant diseases remained
unchanged during the whole treatment period. Six female patients received substitution of
hypothyroidism resulting in euthyroid values of TSH (x=1.2+40.8 mU/1), four subjects used
antihypertensive medication (ACE inhibitors or sartans) and four subjects had lipid lowering
agents (statins). Eight female patients received oral contraceptives. Further details can be
found in Table 1.

Intervention

The non-non-contact, selective-field radiofrequency system Vangquish® {BTL Industries) has
been used for treatment of subcutaneous fat layers™. All subjects underwent four 30
minutes treatment sessions in the abdominal area, with one week break between the
sessions, as recommended in the standard treatment protocol by the manufacturer. Flat
multipolar applicator panel was used for emitting the radiofrequency (27.12 MHz) energy for
selective generation of deep tissue thermal heating of adipose tissue layers. The unit adjusts
the parameters of the emitted energy in real time and shows the instantaneous value on
display. This electromagnetic radiation is heating up the adipose tissue much more
affactively then surrounding tissues, while limiting potential side effects due to minimized
exposition of skin, muscles, or internal organs to this energy™. The treatment procedure

consists of placing the emitting panel over abdomen and flanks close to the skin using a
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spacer which standardizes distance between the panel and the body surface. Once it is in a
proper position, treatment can be started while the intensity of the emitted energy is set
according to the protocol and to tuning efficiency of the system. The skin temperature is
measured before, in 10, 20 and 30 minutes during the treatment, while the subject is
frequently asked to give feedback on subjective thermal perception and to immediately
report any pain or unpleasant sensations. Operator adjusts the emitted energy intensity
close to the tolerable level according to client’s feedback during the treatment procedure

and to the measured skin temperature while the safety threshold is set to 42°C.

Routine clinical assessments

Blood sampling, autonomic balance evaluated by heart rate variability analysis, clinical
assessment including vital signs, casual blood pressure, electrocardiogram (ECG), body
composition evaluated by bioelectrical impedance measurements, abdominal circumference
in three predefined points and anthropometric assessment by calliper were evaluated at

predefined time points as indicated elsewhere.

Measurement of vital signs

Casual blood pressure has been measured in accordance with standard recommendations®
in sitting position, using validated oscillometric automated monitor Omron M6 (Omran,
lapan). The average from three measurements has been used for data analysis.

A calibrated, computer-assisted system ECG Seiva (Seiva, Czech Republic) has been used for
12-lead surface ECG recordings. Data have been electronically stored and evaluated by a
single specialist experienced in ECG readings.

Height has been measured by validated ultrasound height measuring unit ADE MZ10020
(ADE, Germany) within standardized conditions as set by manufacturer.

Temperature before and during the treatment sessions has been measured by a calibrated
non-non-contact infrared skin thermometer BaseTech IRT-350 (BaseTech, Germany) at
predefined locations (around umbilicus and at upper and lower abdominal wall on both
sides)

Weight has been measured within the body composition assessment as described below.
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Assessment of weight and body composition

Body composition has been assessed by a calibrated scale, Omron BF 511 (Omron, Japan), a
8-sensor, one-frequency (50 kHz, 500 uA) bicelectrical body impedance analysis device,
under strictly standardized conditions as set by the manufacturer. The device delivers along
with weight and BMI also gender-specific percentage of body fat and muscle mass, basal
metabolic rate (in kcal) and amount of visceral fat (arbitrary units). The declared weight

measurement accuracy is 1%7.

Assessment of waist circumference

Waist circumference was measured using a measuring tape with a spring handle
(www.netzwerk-lipolyse.de), in order to control for the pressure exerted on the patient’s
abdomen. Three measurements in different locations have been performed at the end of
gentle expiration, in the standing position: horizontally around the patient's abdomen at its
narrowest part (under the rib cage), at the level of the umbilicus, and 5 cm below the

umbilicus. Data were recorded to the nearest millimetre,

Assessment of subcutaneous fat layer using calliper (skinfold thickness measurements)

All measurements were performed with the subject in standing position. The measurement
paints were selected as follows: above the iliac crest in the mid-axillary line, right and left,
paraumbilically at 1/3 distance between the iliac crest and umbilicus, right and left, and 5 cm
below umbilicus. The skinfold was pinched up firmly between the thumb and forefinger and
pulled away from the underlying tissues. The measurements were parformed with calibrated
calliper of Harpenden type, ie. with a constant measuring pressure 10p/mm’, in accordance
with established guidelines®™. The results are presented in mm, as average of five

subsequent measuremeants per one point.

A standard blood sampling has been performed in the morning by venipuncture after an
overnight 10 hours fasting. After clotting, the serum was separated and immediately
axplored for most analyses. For fat hormones, the serum was stored at -20°C until analysed.
Insulin resistance was evaluated using the HOMAZ calculations based on fasting glycemia

and C-peptide values (Homeostatic model assessment as described by Levy et al™).
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Assessment of autonomic balance

A standardized analysis protocol of short-term HRY in time and frequency domain as
obtained during 2 modified orthostatic load (5 minutes supine and 5 minutas in standing
pasition) has been used for quantification of treatment effects on the autonomic control of
the body'*'**. The HRV measurements have been performed using the VariaCardio TF5
system (Advanced Medical Diagnostics Group, UK). The main principle of spectral analysis of
HRV is a decompaosition (using fast Fourier transform algorithms) of irregular fluctuations of
heart rate into regular cycles that represent influences of various domains on the autonomic
balance. Such resulting spectral power is then quantified within three standard frequency
bands: (1) very-low frequency component (VLF, 0.01-0.04 Hz), its cycles occur with typical
frequency of 0.01 Hz, corresponding to wavelength of 100 seconds. The VLF power is relatad
to control of energy metabolism and thermoregulation, changes in  peripheral
chemoreceptor activity and fluctuations in renin-angiotensin system, (2} low-frequency
component (LF, 0.04-0.15 Hz), with typical variations occurring at frequency 0.1 Hz, i.e. 6-
times per minute. It represents predominantly sympathetic control with certain amount of
vagal influence, (3) high-frequency component (HF, 0.13-0.4 Hz), with cycles fluctuating at
average frequency 0.25 Hz, ie 15-times per minute. This power is related to respiratory
activity and parasympathetic control'®. While the VLF band is mediated primarily by
sympathetic control and the HF by the parasympathetic one, the middle one, LF band,
includes bath, with predominance of the sympathetic branch of the autonomic control***3-3,
The main parameters of the analysis are the spectral power (area under the curve) in each of
the individual bands and in the total frequency band, the centroid frequencies and the
relative proportion of individual frequency bands contents in the total spectral power. We
have shown praviously that the cumulative numbers generated by summing up the
individual frequency band spectral powsrs owver both test positions increase the

discrimination power/capability of respective parameters™.

Statistical analysis
Statistical analysis was performed using standard statistical packages (SPSS, Statistical
Package for the Social Sciences V10.0, SP5S Inc., Chicago, USA). Normality of data
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distribution was verified by Kolmogoroff-Smirnoff test. A two-tailed paired Student’s t-test
was applied to estimate differences betwean groups in case of normal data distribution.
Relations among wvariables were assessed using Pearson’s correlation analysis. Data are

presented as means + S0, unless indicated otherwise. The significance level was set a priori
at p <0.05.
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Results

Treatment intensity

During all four sessions, the average skin temperature wvalues before, at 10, 20 and 30
minutes of treatment were 31.8+1.1, 39.840.7, 39.640.6 and 39.24+1.0°C respectively, while
the delivered total average maximum energy was 158.5+13.0 W and the total averags
affective energy was 156.2+413.1 W. While starting the treatment session at 160 W energy
level as suggested by manufacturer, in 25 out of 84 (29,8%) sessions the energy intensity
could be increased -- in accordance with subject’s heat sensation -- to 170-200 W within the
first 10 minutas of treatment, and in 13 out of 84 [15.5%) sessions the energy intensity had
to be reduced to 100-150 W due to excess heat perception. The average effective emitted
energy in each of four treatment session was therefore 156+14, 160417, 160419, and
133+16 W raspectively. A significant correlation between the averaged skin temperature
after 30 minutes of treatment and reduction in abdominal circumference was observed 1

maonth after the last treatment (r=-0.43, p=0.03).

Vital signs

Whan compared with initial values, the average casual blood pressure was significantly
lower after the 4™ treatment session (134+12 vs. 127+10 mmHg, p=0.003) and raised to
125+% mmHg (p=0.04 vs. initial value) 1 month after the treatment. The average heart rate
has changed from 69+12 to 67+9/min (p=0.04) after 4™ treatment session, and raised to
69+11/min (p=0.33, both p vs. initial value) after 1 month. No other significant changes have
been observed ECG.

General effects

The radiofrequency selective-field treatment lead to a significant reduction of abdominal
circumference as measured at 3 different locations after the 4™ session (umbilicus, 96.1+9.3
vs 93.7+9.0 cm, p<0.001 vs. initial value), and during follow-up after 1 month (52.6+5.6 cm,
p<0.001) as well after 3 months ($3.3+10.1 cm, p<0.02). Despite the significant drop in body
weight at follow-up 1 month after the treatment (from 78.8412.4 to 78.0412.1 kg, p=0.001),
no significant correlation has been found between the deltas in body weight and abdominal

circumference values vs. their respective initial values at this time point (r<0.41, p=0.07). The
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weight increasad to 78.4+12.0 kg after 3 months follow-up. No statistically significant change
in body compaosition (in percentage of body fat and muscle mass) has been recorded during

all three measuraments vs. initial values,

Autonomic balance

Regarding the immediate effects of the treatment on autonomic balance, a significant
increase in low frequency (p=0.02) and reduction in high frequency (p=0.05) band
cumulative spactral powers have been observed in HRV 20414 minutes after the treatment.
Mo sustained effects on autonomic balance, however, have been observed during the follow-
up period after the treatment. Figures 1 and 2 summarize the impact of the treatment on
autonomic balance immediately after one treatment and 39+18 days (sustained effect) after
the last treatment, respectively.

At follow-up after 1 month, there was a significant correlation between the reduction of
abdominal circumference and the initial very-low frequency band cumulative spactral power
(r=-0.58, p=0.007, Fig. 3). Moreover, in a subgroup comparison, subjects with a higher initial
cumulative VLF power (6.440.4 LN ms®) demonstrated a significantly bigger drop in
abdominal circumference after the 4™ treatment (4.1+1.9 vs. 2.6+0.9 cm, p=0.045) than

those with lower initial cumulative VLF spectral power (5,140.5 LN ms?).

Interrelationships between treatment effects and metabolic parameters

As expectad, a significant correlation between weight and insulin resistance index based on
HOMAZ calculations has been observed before the treatment (p=-0.53, p=0.016). Change of
body weight correlated significantly with the initial HOMA2 indices after the 4™ treatment
(r=-0.54, p=0.014 for HOMAZ2, and r=-0.47, p=0.036 for % beta function) and 1 month after
the last treatment (p=-0.57, p=0.003 for % beta function). There was a significant correlation
between the initial adiponactin values and deltas of total body fat percentage (r=-0.45,
p=0.05) and body weight (r=-0.52, p=0.02) observed after the 4™ treatment.

Metabolic and autonomic interrelationships
The immediate autonomic response to one treatment (Fig. 4), as observed in the VLF band

(r=-0:59, p=0.006) and in the total spectral power (r=-0.45, p=0.04) correlated significantly
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with the initial adiponectin walues. Furthermore, a subgroup analysis based on initial
adiponectin values (cut-off value 13.0 ng/ml) revealed a significantly stronger acute
autonomic response to one treatment in those with higher initial adiponectin level (15.841.8
ng/ml) than with a lower one (10.3+1.8 ng/ml). Similarly, in respect to sustained effects,
there was a significant correlation betweean delta of adiponectin values 1 month follow-up
vs. initial values and delta of autonomic response in VLF band 1 month follow-up vs. initial

values (r=0.48, p=0.03).

Side effects and drop-outs

Overall, two drop-outs have been recorded. In two cases the local skin irritation led to
interruption of the protocol after the 2™ treatment. These subjects were not included in the
analysis. One subject underwent elective surgery at 1 month of follow-up and did not attend
the planned visit. Four subjects did not attend the last follow-up visit after 3 months.

After first two treatments, one subject reported abdominal discomfort, and another one a
hyperesthesia around umbilicus. These symptoms resolved within 1 week after the
treatment session. Mo more adverse reactions have been observed after exchange of spacer

used for proper positioning of the energy emitting panel at the 3™ treatment session.

Dataset 1. Data of non-contact radiofrequency-induced reduction of abdominal fat HRV.
The heart rate variability data are provided.

Click here to access the data.

http://dx.doi.org/10.5256/f1000research.5708.d38309
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Discussion

The principal findings of our study are threefold: the efficacy of selective-field
radiofrequency treatment in terms of reduction of waist circumference up to 3 months after
the treatment series was confirmed. The treatment is safe, as no clinically relevant side-
affects were observed. The impact on autonomic cardiovascular balance is significant but
transient, while being limited to an increased sympathetic response immediately after this
enargy-based treatment in abdominal area. Mo sustained effect of the intervention an
autonomic balance has been observed 1 month after the last treatment. The treatment
afficacy is inversely associated with insulin resistance and other features of metabolic
syndrome and may be explained by the inhibitory effect of higher insulin levels on the
(treatment-induced) lipolysis™. Whether the treatment efficacy could be better predictable
using assessment of VLF spectral power and insulin resistance profile, andfor it could be
further supported e.g. by pharmacological agents (such as metformin or insulin sensitisers®)
or other maans, this should be investigated in further prospective trials.

There is a pathogenic link among autonomic imbalance, insulin resistance and obesity. In
addition to genetic background and lifestyle factors, autonomic imbalance could be a
common root of obesity, hypertension and/or type 2 diabetes mellitus. At early stages of
obesity/metabolic syndrome development, parasympathetic control is decreased while
sympathetic overactivity usually occurs®. This dysfunction increases cardiovascular
workload, hemodynamic stress and induces potentially significant cardiac pathology leading
to serious arrhythmias. It remains open, howsaver, whether elevated sympathetic tone is a
primary feature that contributes to the development of obesity and metabolic syndrome or
if it develops and/or changes secondary to the obese state.

It has been shown that sympathetic overactivity precedes the development of insulin
resistance and type 2 diabetes mellitus™. Studies with genetically predisposed humans with
insulin resistance have shown that early insulin resistance is already associated with
increased sympathetic control, and it has been suggested that hyperinsulinemia is the
initiating factor leading to increase of sympathetic neural activity®™. Subsequently,
adrenoceptor down-regulation and/or reduced sensitivity are likely to develop which
situation results in a secondary reduction of sympathetic responsiveness. As adrenoceptors

are involved in control of energy expenditure, their down-regulation leads further to

16 of 27

137/172



‘\\ServeriRedirectadFoldersipumpriz\PreventsFITIETL & Franchising \Wanquish\Vanquish Publ SEP2014\WVanguish Faper SEF2014Non-contact_Radiofrequency-
Inchuced_Reduction_of Subostsneous_Abdominel Fat FINAL DENCWZO14 Jiri Pumpriz-corrFCHcornriP.doc

impaired food-induced thermogenesis and post-prandial fat oxidation, promoting the
accumulation of body fat. In this way, the development of obesity can be seen as a
consequence of inappropriate/insufficient sympathetic control, energy dissipation, gaining
weight and then insulin resistance®. This theory also confirms the earlier popular Bray's
MOMALISA hypothesis, stating that “Most Obesities kNown Are low In Sympathetic
Activity™. It is also consistent with findings from population studies, e.g. in observation of
7000 individuals without hypertension at baseline, low heart rate variability predicted
greater risk of incident hypertension over 9 years of follow-up®. Similarly, in almost 2000
participants of Framingham Offspring Study, LF power and LF/HF ratio were lower in diabetic
subjects than in those with normal fasting glucose. HRV was inversely associated with plasma
glucose levels and was reduced in diabetic individuals as well as in subjects with impaired
fasting glucose levels®,

Heart rate variability measuremeant is an established tool for the assessment of impact of
intervention on autonomic balance™*#**2, While the HRV LF and HF frequency bands have
been sufficiently studied in short- and long-term ECG recordings, interpretation of the VLF
band -- particularly in short-term recordings — is less explored. Along with influences coming
from sympatho-thermaoregulation, renin-angiotensin system and chemorecaptors, 2 clear
VLF response to excessive temperature variations has been demonstrated™. Further an,
significant impacts of a spicy food™ or capsaicin® on VLF spectral power have been reported.
These findings are consistent with our results where a significant correlation has been
observad between the initial adiponectin level and the immediate VLF band autonomic
response to a single treatment, as well as between the initial adiponectin and reduction of
percentage of body fat after the treatment series (Fig.4). Additionally to fat percentage, the
initial VLF spectral power significantly correlated with change in waist circumference seen
after the treatment series (Fig.3). These observations raise a question whether individuals
with higher VLF spectral power and higher adiponectinemia/lower insulin resistance might
enjoy a better sympatho-thermogenic capability to “burn” the available energy while more
readily inducing lipolysis processes, than those individuals with lower VLF tone. This
hypothesis might hawve clinical implications in weight management programs and/or body

contouring treatments for subcutaneous fat layers reduction.
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At present, there are some new therapeutic targets and procedures taking into account
autonomic imbalance in obesity as an independent and sensitive marker of health.
Autonomic dysfunction is reversible with lifestyle changes such as hypocaloric nutrition or
fasting> and physical endurance training'®. Recently, the approach of cold-induced,
facultative thermogenesis aiming for sympathoadrenergically-mediated weight reduction by
stimulation of brown fat tissue has been introduced®**. A sympathetic stimulation of brown
fat tissue leading to increased daily energy expenditure by 200-400 kcal®® has been
suggested as the main mechanism in this successful model, and there is soms hope for
success of this approach on the development of obesity®. The conversion of white adipose
tissue to the highly thermogenic beige adipose tissue has been shown to be influenced by
acute sympathetic activation, as well”’. Since the autonomic imbalance is a marker of
adverse risk!**%, its improvement resulting from weight loss should be beneficial for the
health of cbese/diabetic individuals.

Our relatively short and limited obsarvation could not deliver sufficient evidence on whether
subcutaneous abdominal fat reduction using selective-field RF treatment improves obesity-
related cardiovascular risk. However, despite even only little changes in body weight,
patients with significantly reduced waist circumference are reported to have an improved
metabolic profile®. It has been shown that the waist circumference is a proven marker of
higher total mortality risk® as well as of a cardiovascular risk™. Therefare, reducing waist
circumference and percentage of fat in body composition may represent an useful and
clinically relevant target*. Moreover, the initial successful waist reduction may play a
significant role in further stimulating the motivation of patients with metabolic syndrome for
long-term adaptation and adherance to “healthier” lifestyle habits. As this is a proof-of-
concept uncontrolled retrospective analysis, we cannot fully exclude external confounding
factors that might have contributed to our observations. As a logical step, a randomized,
controlled trial verifying the results in an appropriate patient sample would contribute to a
better understanding of our findings.

In conclusion, our analysis provided a proof of concept for safety and efficacy of selective
field RF treatment using the standard 4 = 30 minutes protocol for moderate reduction of
subcutaneous fat tissue. Only transient and non-sustained effects on autonomic balance

have been found during the follow-up after the treatment series. The efficacy of Vanquish RF
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treatment in terms of waist circumference reduction was shown and it was significantly
related to initial VLF spectral power and adiponectin levels. This implicates that less insulin
resistance may offer better conditions for lipalytic action of the treatment. This body
contouring procedure was the most efficient in moderate abdominal overweight with lower
insulin resistance, and as such can well complement other, systemic clinical measures for
weight reduction based on lifestyle and nutritional changes. As the measurements of HRV
and fat hormone status are easily performed, we suggest considering the inclusion of these
parameters into the clinical prascreening armamentarium in order to enhance the outcomes

of aesthetic body contouring methods.

19 of 27

140/172



‘\\ServeriRedirectadFoldersipumpriz\PreventsFITIETL & Franchising \Wanquish\Vanquish Publ SEP2014\WVanguish Faper SEF2014Non-contact_Radiofrequency-
Inchuced_Reduction_of Subostsneous_Abdominel Fat FINAL DENCWZO14 Jiri Pumpriz-corrFCHcornriP.doc

Consent
Written informed consent for publication of their anonymised clinical details was

obtainedfrom all patients.

Data availability
F1000Research: Dataset 1. Data of non-contact radiofrequency-induced reduction of
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5. ZAVER

PredloZena disertacni prace shrnuje dlikazy o tom, Ze rutinni hodnoceni kratkodobé HRV
— zvlasté ve frekvenéni doméné pfi standardizovaném modifikovaném ortostatickém testu —
poskytuje u pacientl s autonomni dysfunkci srovnatelny nebo dokonce lepsi diagnosticky
ptinos ve srovndni s vysledky zlatého standardu, Ewingovou baterii reflexnixch test(, pricemz
pfi kratSi vySetfovaci dobé vyzaduje mensi ndroky na spolupraci pacienta. Tato metoda
poskytuje uzitecny zaklad pro sledovani ucinnosti nefarmakologickych i farmakologickych
intervenci, poskytovanych scilem dosdhnout reverzibility autonomni dysfunkce pfi
metabolickém syndromu.
Po strance metodologické

(1) Definovali jsme optimalni parametry vyuZitelné pro deskripci odliSnych stupnu
autonomni dysfunkce, sestavili jsme vékové vztazené normy pro posuzovani HRV
béhem modifikovaného ortostatického pokusu v ¢asové a frekvenéni doméné, a
ovérili pfinos vyuZziti kumulovanych parametr(i spektralniho vykonu pfi posuzovani
stupné autonomniho postizeni.

(2) Ovérili jsme, Ze zahrnuti ortostatické manipulace zpresniuje diagnostiku CAN a
odhaluje i c¢asné parasympatické postizeni, jinak neodliSitelné dfive uzivanou
robustni baterii reflexnich testl dle Ewinga.

(3) Prokazali jsme dostate¢nou reprodukovatelnost/opakovatelnost obou typl analyz
HRV u pacientl s metabolickdm syndromem.

Po strance klinické/aplika¢ni

(4) Prokazali jsme, Ze vytrvalostni fyzicky trénink u pacientl s diabetem s rlznym
stupném autonomni dysfunkce vyznamné zlepsuje HRV, vyjma téch s pokrocilym
postizenim.

(5) Zjistili jsme, ze 13-hodinové lacnéni je vysoce efektivni ve smyslu zvySeni HRV u
pacientl se vSemi tfemi stupni CAN, véetné téch s pokrocilou autonomni dysfunkci

(6) Rizené zpomaleni dechové frekvence pomoci biofeedback-systému vedlo k
vyznamnému poklesu jiz vstupné uspokojivé korigovanych parametri krevniho
tlaku, jakoZ i vyznamnému narustu spektralniho vykonu v LF pdsmu HRV.

(7) Pri aplikaci série ¢tyr radiofrekvencnich oSetfeni subkutanniho tuku u pacient(
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s metabolickym syndromem jsme prokdzali, Ze a¢ 20+14 minut po ukonceni
oSetfeni Ize detekovat vyznamnou sympatoadrenergni reakci (vzestup LF a pokles
HF pasma), 39+18 dnl po poslednim oiSetfeni nejsou detekovatelné zmény
v autonomnich regulacich.

(8) Pri vyuziti analyzy HRV béhem spindlni stimulace u pacientl s chronickou ICHS
a refrakterni anginou pectoris jsme prokazali signifikantni vliv intervence na
autonomni funkci—zvyseni spektralniho vykonu v oblasti parasympatiku. Tento
nalez podporuje hypotézu vysvétlujici klinicky pfinos spindlni stimulace pozitivnim

ovlivnénim autonomni balance ve prospéch ochranného vlivu vagu.

Analyzu variaci srde¢ni frekvence -- zvlasté pokud je provedena ve spektrdlni doméné —
Ize povaZovat za spolehlivou a citlivou diagnostickou metodu, umoZznujici kvantifikovatelny
vhled do stavu pacienta, jakoz i za prostiedek k efektivnimu dlouhodobému sledovani
progrese a terapeutickych Uspéchl pfi péci o pacienty s metabolickym syndromem a
diabetem.

Nas vyzkum poskytnul vyznamna data k potencialni reverzibilité autonomni dysfunkce
vyuzitim efektl vytrvalostniho tréninku, periodického la¢néni nebo fizeného zpomaleni
dechové frekvence pomoci domaciho biofeedback-systému. Uvedené nefarmakologické
klinické strategie mohou byt kombinovany s farmakologickymi opatfenimi s cilem dalsi
ochrany ¢i zlepSeni autonomni funkce. Zda by kombinace obou pfistupl zajistila dalsi
reverzibilitu nalezu autonomni dysfunkce a potaZmo prognozy nasich pacientl s metabolickym

syndromem a diabetem, by mélo byt ovéfeno v budoucich pozorovanich.
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2002 - 2008 Professional MBA in Applied Biomedicine, Donau University Krems, Austria
2006 — 2007 MPH / Master of Public Health, Medical University Vienna, Austria

2006 — ongoing postgraduate PhD studies, Palacky University in Olomouc, Czech Republic

Professional history

1987 - 1989 1st Dept. of Internal Medicine, District hospital, Prerov, CZ

1989 - 1993 2nd Dept. of Internal Medicine, University Hospital, Olomouc, CZ

1991 — ongoing Research group Functional rehabilitation — medical research at Med Univ. Vienna, A
1995 — ongoing Private outpatient medical practice, pharma business, PreventaMed Ltd., Olomouc, CZ
1993 - 2000 Sima Media Ltd, Specialised Devices and Medical Engineering, Olomouc, CZ

2000 - 2005 Advanced Medical Diagnostics Group, Beaconsfield/London & Leeds, UK

2010 — ongoing Aesthetics and anti-aging clinic, Olomouc, CZ

Study stays and clinical experience

1992 — ongoing Research Group Functional Rehabilitation and Group Education, Center of Medical Physics and
Biomedical Engineering, Medical University Vienna, Austria, and Private Medical Practice, Professor Howorka,
Vienna, Austria.

1992 — ongoing 15 clinical trials as co-investigator at Research Group Functional Rehab., Med Univ. Vienna, 5
clinical trials as principal investigator at PreventaMed Ltd. Good clinical practice certificate.

Other short professional stays/visits

1985 School of medicine, University Volgograd, RU / 1987 School of medicine, University Katowice, PL / 1989
Dept. internal med., District hospital, Neu-Ulm, D / 1990 Institute of Diabetes Research and Treatment,
Karlsburg, D / 1990 Dept. of internal med., Univ. hospital Michallon, Grenoble, F / 1991 Dept. of internal med.,
St.Thomas' Hospital, Dept. of internal med., Charing Cross Hospital, London, UK / 1991 Dept. of endocrinology,
NiGuarda Hospital, Milano, |, District hospital, Bergamo, | / 1992 endocrinologist practice, Dr.A.de Ryff-Leche,
Basel, CH / 1993 Clinic of diabetes and cardiovasc. diseases, Bad Nauheim, D / 1995 Dept. of endocrinology &
nutrition, University of Disseldorf, D / 1995 Dept. of endocrinology, University Hospital, Aarhus, DK / 1998 Dept.
of internal medicine, University Krakow, PL / 1998 Institute of physiology, University Zurich, CH / 1998 Dept. of
internal medicine, University Athens, GR / 1999 Dept. of endocrinology, University of Minnesota, USA / 1999
Dept. of anaesthesiology, Charite Hospital, Humboldt University Berlin, D / 2000 Dept of cardiovascular sciences,
St George’s Hospital, London University, UK / 2000 Dept of medicine, Cardiothoracic centre, North Staffordsh
Hosp., Stoke on Trent, UK/ 2002 National refractory angina centre, Cardiothoracic centre, University Liverpool,
UK / 2005 Minnesota Center for Obesity, Metabolism and Endocrinology, Minneapolis, Minnesota, USA / 2005
Diabetes Research Institute, School of Medicine, Miami, USA

Grants

1992 Study Grant Medical Helpline Foundation, Vienna, A / 1993, 1994 Hoechst DDG Reisesti-pendium, Ulm,
Berlin, D / 1995 Travel Grant Diabetes Care and Research Europe, Athens, GR / 1994-1995 Postgraduate Study
Grant, University Vienna, A / 1997 European Association for Study of Diabetes Young Scientists Training Course,
Perugia, |
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Special areas of professional interest

Research in cardiovascular autonomic dysfunction (spectral- & time-analysis of biosignals) in chronic diseases;
risk stratification in heart disease, hypertension & macroangiopathy

Therapeutic Patient Education, influencing social determinants of health by group education of patients with
diabetes and hypertension, co-development of educational media

Management and optimization of processes in outpatient medical offices, conversion of health, beauty and
anti-aging, running clinical trials at non-universitary outpatient setting

Quality management system in a small private health care organization (SME)

Publications (co-authorship or first author)

1 book - translation of ,Insulinabhangig?..." (Howorka, Kirchheim publishers) into Czech
approx. 120 international/national congress presentations

approx. 100 articles & abstracts in top ranking biomedical journals

30 papers in peer-reviewed impacted medical journals (listed e.g. in Medline)

Other professionally relevant activities

Founder and president of ,,Preventa Foundation", Olomouc, Czech Republic, group education and rehabilitation
of patients with cardiovascular disease and metabolic syndrome (since 1996)

Clinical co-developer of a computer-aided system for risk stratification of patients with cardiovascular disease
and/or evaluation of autonomic neuropathy in diabetes. Co-owner of manufacturing companies (1994-2007)
Article reviewer for top medical journals Cardiovascular Research, American Journal of Cardiology and
International Journal of Cardiology (since 1998)

Expert/Projects reviewer for European Commission, ICT for Health units (since 2009, ongoing)

Patent applications
2004 Apparatus for Processing an ECG Signal / Ellis,Vychodil,Pumprla (EP 1608265) / 2004 Method and
Apparatus for Identifying Features in an ECG Signal / Ellis,Vychodil,Pumprla (WO 2004084722)

Languages/Skills

English and German - fluent knowledge, Russian - communication level, Czech as mother tongue.

PC skills - MS Office, Internet/Search engines, Recherche/Information synthesis & analysis, Basic statistics (SPSS),
Data protection, Web-based medical services, Telemedicine applications in internal medicine and medical clinical
research. Experience with management and data communications for clinical trials. Practical experience with
medical marketing, pharmaceutical business. Training in Good Clinical practice

Hobbies
Family, sports, active music, international travelling, learning, meeting & communicating with people
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8. PUBLIKACNI A VEDECKOVYZKUMNA CINNOST AUTORA K X1/2014

1. Publikace souvisejici s disertacni praci

a) Puvodni védecké publikace in extenso uverejnéné v recenzovanych védeckych casopisech

s IF:

1. Howorka K, Pumprla J, Haber P, Koller-Strametz J, Mondrzyk J, Schabmann A: Effects of
physical training on heart rate variability in diabetic patients with various degrees of
cardiovascular autonomic neuropathy. Cardiovasc Res, 1997,34: 206-214.

IF: 5.2

2. Howorka K, Pumprla J, Schabmann A: Influence of fasting on heart rate variability in
diabetic patients with different degrees of cardiovascular autonomic neuropathy. Diab
Nutr Metab/Clin Exp, 1997, 10: 288-295.

IF: 0.6

3. Howorka K, Pumprla J, Schabmann A: Optimal parameters of short-term heart rate
spectrogram for routine evaluation of diabetic cardiovascular autonomic neuropathy. J
Auton Nerv Syst, 1998, 69: 164-172.

IF: 1.4

4. Howorka K, Heger G, Schabmann A, Skrabal F, Pumprla J: Weak relationship between
symptom perception and objective hypoglycaemia induced changes of autonomic
function in hypoglycaemia unawareness in diabetes. Acta Diabetol, 1998, 35 (1): 1-8.

IF: 3.7

5. Birner P, Heinzl H, Schindl M, Pumprla J, Schnider P: Cardiac autonomic function in
patients suffering from primary focal hyperhidrosis. Eur Neurol, 2000, 44/2: 112-116.
IF: 1.4

6. Moore R, Groves D, Nolan J, Scutt D, Pumprla J, Chester MR: Altered short term heart rate
variability with spinal cord stimulation in chronic refractory angina: Evidence for the
presence of procedure related cardiac sympathetic blockade. Heart, 2004, 90 (2): 211-
214.

IF:3.1

7. Howorka K, Pumprla J, Jirkovska A, Lacigova S, Nolan J: Modified orthostatic load for
spectral analysis of short-term heart rate variability improves the sensitivity of autonomic
dysfunction assessment. J Diab Compl, 2010, 24: 48-54.

IF: 1.9

8. Howorka K, Pumprla J, Tamm J, Schabmann A, Klomfar S, Kostineak E, Howorka N, Sovova
E: Effects of guided breathing on blood pressure and heart rate variability in hypertensive
diabetic patients. Auton Neurosci, 2013; 179(1-2):131-7. Doi: 10.1016/j.autneu.
2013.08.065. Epub 2013 Aug 27.
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IF: 1.4

b) Plvodni védecké publikace in extenso uverejnéné v ostatnich recenzovanych védeckych

casopisech

9. lJirkovskd A, Boucek P, Pumprla J, Hosova J, Skibova J, Woskova V: The Ewing test for
autonomic neuropathy and spectral analysis of heartrate variability aid in the diagnosis of
Charcot's osteoarthropathy | Vysetreni autonomni neuropatie Ewingovymi testy i
spektrdlni analyzou variability srdecni frekvence pomaha diagnostikovat Charcotovu
osteoartropatii. Vnitr Lek, 1999, 45 (7): 403-409.

10. Hosova J, lJirkovskd A, Boucek P, Pumprla J, Skibova J: Parameters of power spectral
analysis of heart rate variability for use in clinical evaluation of various stages of diabetic
cardiovascular autonomic neuropathy | Navrh parametr( spektralni analyzy variability
srdecni frekvence vhodnych pro klinické hodnoceni rlGznych stadii diabetické
kardiovaskularni autonomni neuropatie. Vnitr Lek, 2001, 47 (10): 682-688.

11. Hosova J, Jirkovska A, Boucek P, Pumprla J, Hejnova J, Lacigova S, Skibova J: Normal values
of parameters of power spectral analysis of heart rate variability for clinical evaluation of
autonomic neuropathy in patients with diabetes. DMEV, 2001, 4 (2): 103-108.

12. Pumprla J, Howorka K, Kolackova Z, Sovova E: Non-contact radiofrequency-Induced
reduction of subcutaneous abdominal fat correlates with Initial cardiovascular autonomic
balance and fat tissue hormones: safety analysis. F1000Research, 2014 (accepted for
publication)

c) Prehledné/souborné védecké publikace in extenso uvefejnéné v recenzovanych
védeckych ¢asopisech s IF
13. Pumprla J, Howorka K, Groves D, Chester M, Nolan J: Functional assessment of heart rate
variability: Physiological basis and practical applications. Intl J Cardiol, 2002, 84 (1): 1-14.
IF: 1.9

d) Prehledné/souborné védecké prace uvefejnéné v ostatnich recenzovanych védeckych

casopisech

14. Opavsky J, Pumprla J, Salinger J, Howorka K, Thoma H, Vychodil R: Spektralni analyza
variability srdecni frekvence - pfinos pro diagnostiku diabetické autonomni neuropatie.
Scr Med Fac Med Univ Bru Mas. 1994, 67, Suppl. 1: 29-32. ISSN: 1211-3395.

15. Salinger J, Vychodil R, Novotny J, Pumprla J, Opavsky J, Stejskal P, Vaverka F, Bula J:
Telemetric, computer aided system for noninvasive examination of heart rate variability,

type VariaPulse TF 3. Comput Cardiol, 1995: 437-441.

16. Pumprla J: Variabilita srdecni frekvence: vyznam méreni pro praxi. Kapitoly z kardiol, 2001,
3: 66-70.

17. Pumprla J, Sovova E, Howorka K: Variabilita srdec¢ni frekvence: Vyuziti v interni praxi se
zamérenim na metabolicky syndrom. Interni med, 2014, 16/5: 205-208.
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e) Kapitoly v monografiich

f) Publikovana abstrakta

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Pumprla J, Howorka K, Heger G, Schmid R, Thoma H: Erfassung der autonomen
Neuropathie: Trennscharfe der Spektralanalyse der Herzfrequenz gegeniliber Ewing
Standardbatterie von Herzkreislauf-Reflextests. Diabetes Stoffw 1994, 3: 109.

Pumprla J, Howorka K, Heger G: Fasten erhoht die Herzratenvariabilitat bei Diabetikern.
22. Jahrestagung der Osterr. Diabetesgesellschaft, Graz, September 1994. Diab Stoffw,
1994, 3:323.

Howorka K, Pumprla J, Heger G, Thoma H: Erfassung der autonomen Neuropathie:
Trennscharfe der Spektralanalyse der Herzfrequenz gegeniiber Ewing Standardbatterie
von Herzkreislauf-Reflextests. Jahrestagung der Osterr. Diabetesgesellschaft, Graz,
September 1994.Diab Stoffw, 1994, 3: 317.

Pumprla J, Howorka K, Heger G, Thoma H: Selectivity of parameters of power spectral
analysis of heart rate variability in autonomic neuropathy. 30" Annual Meeting EASD,
Disseldorf, September 1994. Diabetologia 1994: A186.

Pumprla J, Howorka K, Salinger J, Opavsky J, Thoma H: Spectral analysis of heart rate
variability in autonomic neuropathy. "Cardiovascular Alterations in Diabetes Mellitus" -
Post-Congress Workshop of the XV World Congress of the International Society for Heart
Research, Budapest, July 1995. J Mol Cel Card, 1995, 27: A429.

Pumprla J, Howorka K, Heger G, Thoma H, Salinger J, Opavsky J: Evaluation of short-time
heart rate variability in cardiovascular autonomic neuropathy in diabetes: which
parameter have the highest diagnostic impact. Comput Cardiol, 1995 (Proceedings): 82.

Pumprla J, Howorka K, Schabmann A, Salinger J, Opavsky J, Thoma H: Untersuchung der
kardiovaskuldaren autonomen Neuropathie mittels Spektralanalyse der Herzraten-
variabilitat: Welche Parameter haben den gréf3ten diagnostischen EinfluB? Diab Stoffw
1995, 4: 24.

Salinger J, Vychodil R, Pumprla J, Novotny J, Opavsky J, Stejskal P, Vaverka F, Bula J,
Howorka K: Diagnostisches System zur nicht-invasiven Untersuchung der
Herzfrequenzvariabilitdt mittels telemetrischer Datenilbertragung, Typ Varia Pulse TF3.
Diab Stoffw, 1995, 4: 18.

Pumprla J, Howorka K, Opavsky J, Salinger J, Vychodil R: Spektralni analyza variability
srdecni frekvence v detekci pocinajici a pokrocilé diabetické autonomni neuropatie.

Sbornik abstrakt,XXXI. Diabetologické Dny v Luhacovicich, 1995.

Pumprla J, Howorka K, Salinger J, Opavsky J, Vychodil J: Diabetickd autonomni neuropatie:
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28.

29.

30.

31.

32.

33.

34.

35.

36.

srovnani rutinniho hodnoceni pomoci casové a spektralni analyzy variability srdecni
frekvence systémem VariaPulse TF3. XVIII. Endokrinologické dny v Olomouci, Sbornik
abstrakt, 1995.

Pumprla J, Howorka K, Heger G, Opavsky J, Salinger J, Thoma H: Spectral analysis of heart
rate variability in the routine assessment of cardiac autonomic neuropathy in diabetes.
Abstracts/Proceedings. Comp Signal Process Clin Med Biomed Engin, Bern, June 9-10,
1995.

Howorka K, Pumprla J, Heger G, Thoma H, Opavsky J, Salinger J: Computerised assessment
of autonomic influences of yoga using spectral analysis of heart rate variability.
Engineering in Medicine and Biology Society, 1995 and 14th Conference of the Biomedical
Engineering Society of India. An International Meeting, Proceedings of the First Regional
Conference, New Delhi. IEEE Proceed, 1995.

Howorka K, Pumprla J, Heger G, Thoma H, Opavsky J, Salinger J: Computerised assessment
of autonomic influences of yoga using spectral analysis of heart rate variability. |EEE
Engineering in Medicine and Biology Society Annual Conference, 1995.

Pumprla J, Simek |, Opavsky J, Salinger J: Vydetfeni autonomniho nervového systému u
nékterych onemocnéni GIT metodou spektralni analyzy variability R - R intervalu:
Zobrazovaci a vypocetni techniky v gastroenterologii. Prac. den Ceské gastroent. spol. a
Sekce gastrointest. radiodiagnostiky Radiodiagnost. spol., Praha, 22.9.1994. Ces Slov Gastr
1995, 49,2: 76-77.

Pumprla J, Howorka K, Thoma H: Fasting increases heart rate variability in diabetes.
Proceedings of the 6th meeting of the Diabetic Neuropathy Study Group of the EASD,
August 30th — 03 September 1996, Baden(Vienna). Diabetologia 1996, 39 (Suppl. 1): A17.

Pumprla J, Howorka K, Schabmann A: Reproducibility of staging of cardiovascular
autonomic dysfunction in diabetes using spectral analysis of heart rate variability and
battery of reflex tests. 1 Virtual Congress of Cardiology on Internet, 1996. Http:// pcvc.
Sminter. com.ar/ cvirtual/ tlibres3/thn2608i.htm.

Pumprla J, Howorka K, Haber P, Mondrzyk J, Podolsky A, Thoma H, Salinger J, Opavsky J:
Vliv pravidelneho telesneho treninku na variabilitu srdecni frekvence u diabetiku s ruznym
stupnem kardiovaskularni autonomni neuropatie. Abstrakta. XXXII. Diabetologicke dny,
Luhacovice, 1996.

Pumprla J, Howorka K, Thoma H, Salinger J, Opavsky J: Lacnéni zvysuje variabilitu srdecni
frekvence u diabetikl. Abstrakta. XXXII. Diabetologicke dny, Luhacovice, 1996.

Pumprla J, Howorka K, Schabmann A et al: Reprodukovatelnost vysetieni diabetické
kardiovaskularni autonomni neuropatie pomoci spektralni analyzy variability srdecni
frekvence a Ewingovy baterie funkénich test(. XXXIll. Diabetologické dny, Luhacovice,
1997.
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Howorka K, Pumprla J, Schabmann A, Thoma H: Development of an analytic standard for
evaluating heart rate variability in cardiovascular autonomic neuropathy in diabetes:
comparison of short-term spectral analysis with Ewing's standard battery of reflex tests as
reference  method (Entwicklung der Analysestandards zur Beurteilung der
Herzratenvariabilitat in kardiovaskularer autonomen Neuropathie bei Diabetes: Vergleich
der Kurzzeit-Spektralanalyse mit Ewing's Standardbatterie der Reflextests als
Referenzmethode). Biomed Eng, 1998, 43 Suppl : 568-569.

Pumprla J, Howorka K, Schabmann A: Routine-Erfassung der kardiovaskuldaren autonomen
Neuropathie bei Diabetes: diagnostische Zuordnungsfahigkeit mittels Spektralanalyse der
Herzratenvariabilitat. Diab Stoffw, 1998, 7 (Suppl. 1): 91.

Pumprla J, Howorka K, Anderer P, Saletu B, Krieger M, Schabmann A: Reduction of low-
frequency band spectral power and centroid frequency in analysis of heart rate variability
in diabetic patients with hypoglycaemia unawareness. Diabetologia 1998, 41 (Suppl. 1):
A306.

Salinger J, Pumprla J, Vychodil R, Stejskal P, Opavsky J, Novotny J, Bula J: Microcomputer
system for telemetric assessment of short term heart rate variability in time and
frequency domain, type VariaCardio TF4. Comput Cardiol, 1999: 599.

Pumprla J, Howorka K, Schabmann A: Reproducibility of staging of autonomic dysfunction
in diabetes using heart rate variability assessment. Proceedings of the 1st European
Federation of Autonomic Societies (EFAS) Meeting, 1999

Pumprla J, Howorka K, Schabmann A: Reproducibility of staging of autonomic dysfunction
in diabetes using heart rate variability assessment. Diabetologia, 1999, 42 (Suppl. 1):1116,
A295.

Pumprla J, Howorka K, Haber P, Koller-Sttrametz J, Mondrzyk J: Verbesserung der
Herzratenvariabilitdt und autonomer Aktivitdsindizes bei diabetischen Patienten durch
regelmaRiges korperliches Training. D Zt Sportmed, 1999, 50: 78.

Pumprla J, Howorka K: Normal heart rate variability parameters in well controlled diabetic
patients without clinical signs of cardiovascular autonomic neuropathy: comparison with
population-based data of healthy controls. Exp Clin Endo Diab, 2000, 108 (Suppl. 1): $119

Lupinkova J, Jirkovska A, Pumprla J, Hejnova J, Lacigova S, Skibova J: Normalni hodnoty
spektralni analyzy variability srdeéni frekvence vhodné pro klinické hodnoceni autonomni
neuropatie : 36. diabetologické dny, Luhacovice, 13.-15.4.2000. DMEV. 2000, 3, S1,13.

Pumprla J, Howorka K, Salinger J, Vychodil R, Jirkovska A, Lacigova S: Heart rate variability
parameters in diabetic patients without clinical signs of autonomic dysfunction show no
difference as compared to data of matched controls. Diabetologia, 2000, 43 (Suppl. 1):
A249.
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47.

48.

49,

50.

51.

52.

53.

54.

55.

Pumprla J, Howorka K, Jirkovska A, Lacigova S, Schabmann A: Modified orthostatic load
increases the sensitivity of short-term recordings of spectral analysis of heart rate
variability in diabetes. Diabetes, 2002, 51 (Suppl. 2): 2154-PO.

Pumprla J, Howorka K, Jirkovska A Lacigova S et al: Frequency domain analysis of short-
term heart rate variability in modified orthostatic load increases the sensitivity of
autonomic dysfunction assessment. Diabetologia, 2002, 45: 1014.

Pumprla J, Howorka K, Jirkovska A, Lacigova S, Schabmann A: Spectral analysis of heart
rate variability during orthostatic load: improvement in diagnostics of cardiovascular
diabetic autonomic neuropathy? Eur Heart J, 2002, 23, 4, Suppl: P1695.

Pumprla J, Howorka K, Gabriel M, Jirkovska A, Lacigova S, Schabmann A: Autonomic
neuropathy. Modified orthostatic load increases the sensitivity of short-term recordings of
spectral analysis of heart rate variability. (ODG Kongress 2003, Graz). Acta Med Austriaca
2003, 30, (Suppl. 62):1.

FinkernagelH, Doppelmayr M, Beneke R, Leithaeuser R, Herrmann M, Pumprla J, Howorka
K, Thomas A: Einfluss von Extrem-Ultramarathonlaufes auf Glykdamiekontrolle und
kardiovaskuldre autonome Funktionsparameter bei Typ-1-Diabetes im Vergleich zu
stoffwechselgesunden Sportlern. 40.Jahrestagung der Deutschen Diabetes Gesellschaft,
Berlin Mai 2005, Berlin; Abstraktband. 052005

Howorka K, Pumprla J, Anderer P, Saletu B: Recurrent Severe Hypoglycemia:
Neurophysiological 3D assessment in type 1 diabetic patients using Low Resolution
Electromagnetic Tomography (LORETA) and short-term spectral analysis of heart rate
variability. Diabetes, 2006, Vol. 55, 627-P.

Howorka K, Pumprla J, Saletu B, Anderer P: Deceleration of brain function parameters in
associative prefrontal cortex links to disturbed sympathetic cardiovascular autonomic
control in recurrent severe hypoglycaemia in type 1 diabetes. Diabetic Med, 2006, 23
(Suppl. 4): 54, A117.

Pumprlova J, Pumprla, J, Nakladalovd M: Sledovani kardiovaskuldrnich autonomnich
regulaénich funkci v pracovnim l|ékarstvi: Ill. kongres nemoci z povolani s mezinarodni
Ucasti. Abstrakt. Prac Lek, 2006, Ro¢. 58, €. 3, s. 131. ISSN: 0032-6291; 1805-4536
(elektronicka verze).

Howorka K, Pumprla J, Duric D et al. Proof-of-concept fuer cold-induced thermogenesis:
retrospektive Datenanalyse bei Diabetes mellitus und abdominellem Uebergewicht. Wien
Klin Wochenschr, 2014, 17-18/14: 596.

g) Seznam prednasek/posterd pfednesenych uchazeéem na vefejnych odbornych férech

56.

Pumprla J, Howorka K: Radiofrequency for cellulite treatment. BODY conference, Royal
Society of Medicine, London, Conference Proceedings, Nov 2012.

164/172



57.

58.

59.

60.

61.

62.

63.

64.

Pumprla J, Howorka K: Pfinos vyuziti razové viny v estetické mediciné. Dermatologické
dny, OstroZzska Nova Ves, leden 2013.

Ostatni publikace mimo téma disertacni prace (dle stejného clenéni)
Pavodni védecké publikace in extenso uverejnéné v recenzovanych védeckych
Casopisech s IF:
Howorka K, Pumprla J, Feiks A, Schlusche Ch, Nowotny Ch, Ulm M, Schober E,
Bernaschek G: Modulare Schulung bei Diabetes und Schwangerschaft: Ergebnis-Analyse in
58 Schwangerschaften von Diabetikerinnen unter funktioneller Insulinbehandlung.
Geburtsh Frauenh, 1996; 56: 41-49.
IF: 0.3

Howorka K, Pumprla J, Schlusche Ch: Algorithm adaptation under functional insulin
treatment during transfer from regular to insulin lispro. Diab Nutr Met Clin Exp, 1998, 11.:
266-272.

IF: 0.8

Howorka K, Heger G, Schabmann A, Skrabal F, Pumprla J: Weak relationship between
symptom perception and objective hypoglycaemia induced changes of autonomic
function in hypoglycaemia unawareness in diabetes. Acta Diabetol, 1998; 35: 1-8.

IF: 0.8

Howorka K, Kletschka G, Pumprla J, Thoma H: Konformitdt in Forschung, Lehre und
Rehabilitation/I1SO 9001 conformity in research, teaching and rehabilitation]. Biomed Tech
(Berl). 1998;43(1-2):19-24.

IF: 1.2

Howorka K, Pumprla J, Wagner-Nosiska D, Grillmayr H, Schlusche CH, Schabmann A:
Empowering diabetes outpatients with structured education: short-term and long-term
effects of functional insulin treatment on perceived control over diabetes. J Psychosom
Res, 2000, 48: 37-44.

IF: 2.0

Howorka, K.,Pumprla, J.,Saletu, B., Anderer P, Krieger, M.,Schabmann, A: Decrease of
vigilance assessed by EEG-mapping in Type | diabetic patients with history of recurrent
severe hypoglycaemia. Psychoneuroendocrinology, 2000; 25(1):85-105.

IF: 3.7

Howorka K, Pumprla J, Gabriel M, Waldhoer T, Langer M: Normalization of pregnancy
outcome in pregestational diabetes through functional insulin treatment and modular
out-patient education adapted for pregnancy. Diabet Med, 2001 Dec;18(12): 965-72.

IF: 2.2
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65.

66.

67.

b)

68.

d)

69.

Howorka K, Pumprla J, Thoma H, Gabriel M et al: Internationale FIT-Seminare: ,,2-Bihnen-
Modell” fir Therapeutenausbildung in Didaktik der funktionellen Insulintherapie und der
modularen Patientenschulung fir Selbstbehandlung bei chronischen Erkrankungen.
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