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Einleitung

Epidemiologie der Venenerkrankung

Erkrankungen des vendsen Systems haben ein hohes Auftreten in der Bevolkerung. Die
grofite epidemiologische Studie im Deutschen Raum ist die von 2000 bis 2002 gelaufene
Bonner Venenstudie, in der 3072 Probanden und Probandinnen rekrutiert wurden'.
Verdanderungen am vendsen Gefallsystem treten bei 90% der Durchschnittsbevilkerung auf.
Deutlich mehr Frauen als Minner leiden laut der Studie an leichten Symptomen der
chronischen Venenerkrankung. Bei spéteren Stadien gleichen sich die Héufigkeiten an.
Beinbeschwerden wie Schweregefiihl, Juckreiz oder Schmerzen traten bei 49,1% der Méanner
und bei 62,1% der Frauen auf. Eine &ltere Arbeit, die sich mit der Epidemiologie von
Venenerkrankungen befasst, ist die Tiibinger Studie’. Beim Vergleich beider Studien wird
man feststellen, dass die Pravalenz von Hauterkrankungen im zeitlichen Verlauf abgenommen
hat. Klagen in der 1979 erhobenen Tiibinger Studie noch 13% Probanden unter
Hautverdnderungen wie Ekzem oder Hyperpigmentierung, ist in der Bonner Studie ein
Riickgang der trophischen Hautverdnderungen auf 3,1% bei den Ménnern bzw. 2,7% bei den
Frauen zu verzeichnen. Auch schwere Verldufe, die zu einem Ulcus fiihren, sind riicklaufig.
Venose Ulcera kamen in der Tiibinger Studie noch mit einer Haufigkeit von 2% vor und
gingen in der Bonner Studie zuriick auf 0,7%. Dem Venenleiden wird heute mehr Bedeutung
geschenkt. Schon bei leichten Stadien werden konsequente Prophylaxe mittels
Kompressionsmaterialien und Therapie angefangen und bewirken einen stitigen Riickgang
der vendsen Insuffizienz in der Bevolkerung. Auch die Zunahme an Forschung auf dem
Gebiet der Phlebologie und die immer besser werdende Versorgungssituation tragen zu
diesem Riickgang bei. Diese Arbeit versteht sich als einen Beitrag auf dem Gebiet der

phlebologischen Forschung iiber die Wirkungen der medizinischen Kompressionstherapie.

Physiologie des venosen Systems und Pathophysiology der CVI

Im Folgenden soll ein kurzer Uberblick iiber die Physiologie im vendsen System und
Pathophysiologie der chronisch vendsen Insuffizienz gegeben werden. Ursédchlich fiir den
Riickfluss des vendsen Blutes von der Peripherie ist das Herz, welches als Druck-Saug-Pumpe
einen hydrodynamischen Druck auf die Venen erzeugt. Das Eigengewicht des Blutes sorgt
selber fiir einen hydrostatischen Druck und ist bedeutend, da sich 85% des Blutvolumens im
Organismus im Niederdrucksystem befinden’. Nach dem Pascal'schem Gesetz ist der
hydrostatische Druck malBgeblich von der Hohe abhidngig. Beim liegenden Menschen findet

sich am Sprunggelenk ein Druck von 8-15 mmHg, welcher im Stehen auf ein Vielfaches



ansteigt und durch Bewegung reduziert wird*. Venenklappen erméglichen funktionell eine
Aufteilung der hydrostatischen Blutsdule in viele einzelne Segmente, was eine Reduktion des
Drucks ermdoglicht. Auch sind Venenklappen daran beteiligt das Blut nur vom Ort des hohen
zum niedrigen Druck flie8t und nicht weiter nach peripher oder in oberfldchliche Venen. Dem
grofften Anteil an vendser Abpumpleistung wird der Muskelpumpe zugesprochen.
Muskelbdauche verkleinern durch Kontraktion den Venenquerschnitt. Funktionierende
Venenklappen und Mechanismen vendses Blut abzupumpen sind essentiell, um einer
chronischen Stauung der unteren Extremitdt entgegenzuwirken und das physiologische
Gleichgewicht in der kapilldren Endstrombahn aus Filtration und Reabsorption aufrecht zu
erhalten. Kennzeichnend fiir eine chronisch vendse Insuffizienz ist der Verlust eines der
beiden oder die Kombination beider dieser Systeme. Ist das Gleichgewicht aus Filtration und
Reabsorption gestort und die Transportkapazitdt des lymphatischen Abflusses {iberschritten,
kommt es zu vermehrter Fliissigkeitsretention im interstiticllen Gewebe bis hin zum
Auswandern von Immunzellen aus dem gestdrten Gewebe, die wiederum die Destruktionen
der Venenwand bewirken. Erste himodynamische Verdnderungen sind bei einer CVI im
kapillairen GefaBsystem vorrangig in der GefdBanatomie (kapillire Verdrehungen,
Erweiterungen) zu erwarten’. Weiter kommt es zu kapilliren Thrombosierungen und
ischdmisch bedingte Schiden wie Ulzeration, Atrophie und Nekrose. Je nach Klinik kann die

CVI nach Widmer oder nach der neueren CEAP Klassifikation eingeteilt werden.

Grundlagen der Kompressionstherapie

Therapeutisch hat sich die medizinische Kompression als wirksam erwiesen, der vendsen
Stauung und Odembildung im Rahmen einer chronisch vendsen Insuffizienz
entgegenzuwirken. Kompressionsstriimpfe haben gegeniiber Kompressionsbinden den
Vorteil, dass sie einen konstanten Druck ausiiben, der Anpressdruck des
Kompressionsverbandes hingt von der individuellen Vordehnung des Bindenmaterials und
der Anzahl iibereinander liegender Bindentouren ab, der Anpressdruck variiert somit
interindividuell.. Kompressionsstriimpfe stehen in verschiedenen Lingen als Norm zur
Verfiigung. Gewdhlt werden alphabetisch aufsteigend nach proximal verschiedene
Buchstabenkiirzel vom kiirzesten Wadenstrumpf (AD), iiber Halbschenkelstrumpf (AF),
Schenkelstrumpf (AG) bis Strumpfhose (AT). Die RAL teilt den Anpressdruck der Striimpfe
in verschiedene Kompressionsklassen ein. Der medizinische Kompressionsstrumpf entfaltet
seine Wirkung {iber verschiedene Mechanismen. Die Funktion insuffizienter Venenklappen
kann wiederhergestellt bzw. verbessert werden. Zum anderen wird der vendse Querschnitt

reduziert’, wodurch der vendse Reflux reduziert oder beseitigt und damit der vendse
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Riickstrom gefordert wird. Konsekutiv wird die Mikrozirkulation der Haut entlastet und die
nutritive kapilldre Perfusion verbessert. Die bei CVI pathologisch erhohte transkapillére
Filtration wird normalisiert bei gleichzeitig verbesserter Reabsorption. Gewebeddeme
werden somit verringert. Die Funktion der vendsen Wadenmuskel/Sprunggelenkpumpe
erfahrt durch das Widerlager des Kompressionsstrumpfes eine Stirkung: die vendse
Abpumpleistung nimmt zu, der vendse Reflux ab. Die komprimierende Eigenschaft der
Striimpfe auf die Gefdle ist sehr komplex und kann bis in die Zellbiologie verfolgt werden.
Tight junctions, verantwortlich fiir die parazellulire Gewebedurchldssigkeit, bilden sich
vermehrt und unterbinden eine vermehrte Filtration ins Interstitium’. Die hier geschilderten

Effekte medizinischer Kompression werden mafB3geblich von dem Anpressdruck bestimmt.
Der Druck ist im physikalischen Sinne Kraft pro Fliche p = g. Angewendet auf die Medizin

bedeutet die Formel, dass der Anpressdruck abhédngig ist vom Umfang des Beines. Hier gilt

das Gesetz nach Laplace.
o
m —
PeT

p=Druck; o=Spannung; r=Radius; co=proportional

Aus dem Gesetz wird erkenntlich, dass die Spannung eines Strumpfes am Bein direkt
proportional ist zum Anpressdruck und umgekehrt. Mit dem Radius in diesem Gesetz wird
der Umfang des Beines beschrieben. Da er im Nenner steht, ist er indirekt proportional zum
Anpressdruck, was bedeutet, dass bei diinnen und schlanken Beinen viel einfacher ein hoher
Anpressdruck ausgeiibt wird als bei stimmigen. Die Spannung eines Strumpfes kann
gesteigert werden, doch erhoht sich nicht der Anpressdruck, wenn gleichzeitig der Umfang
des Beines zunimmt. Dieser Zusammenhang ist in der Medizin von elementarer Bedeutung.
Fiir die Praxis angewendet auf die Anatomie eines Beines ergibt sich deshalb ein zentrales
Paradigma in der Kompressionsstrumpftherapie: Da das Bein von distal nach proximal, vom
Knochel hin zum Knie an Umfang zunimmt, nimmt auch der Anpressdruck stetig ab. Der
Strumpf hat distal den hochsten Anpressdruck, selbiger sinkt dann nach proximal. Da auch
der hydrostatische Druck der Wassersdule des stehenden Menschen von proximal nach distal
zunimmt, distal am hochsten ist, stellt die Konstruktion medizinischer RAL-
Kompressionsstriimpfe einen von distal nach proximal abfallenden Anpressdruck, d.h. einen
degressiven Druckgradienten, sicher. Der degressive Druckgradient unterstiitzt den
Riickstrom vendsen Blutes zum Herzen, In der Literatur wird ein Kompressionsstrumpf mit

degressivem Anpressdruckverlauf als GECS (graduate elastic compression stocking)



bezeichnet. Die quantitative Erfassung des Riickstroms und der Hdmodynamik im Bein
gelingt heute durch die moderne Farbduplexsonographie. Vor ihrem verbreiteten Einsatz
haben plethysmographische Verfahren dazu beigetragen die Pathophysiologie phlebologischer
Erkrankungen zu verstehen, vendsen Reflux zu quantifizieren und therapeutische Strategien
zu evaluieren. Allen plethysmographischen Verfahren gemein ist, dass sie
Volumenveridnderungen indirekt messen. In den Extremitdten sind Volumenveridnderungen
immer gleichzusetzten mit einer Zu- oder Abnahme von Blutvolumen. Das Volumen anderer

Gewebe wie Fett, Knochen und Muskel bleibt relativ konstant.

Ziel der Arbeit

Ziel dieser Arbeit ist es die vendse Himodynamik des Beines besser zu verstehen und den
Einsatz von medizinischer Kompression zu optimieren. Hierfiir wurden zwei prospektive
randomisiert kontrollierte cross over Studien durchgefiihrt, um zum einen die Rolle des
Anpressdrucks zu evaluieren als auch den Einfluss der Linge des Kompressionsstrumpfes zu
iiberpriifen. Die ermittelten Daten stiitzen sich auf die Ergebnisse von drei publizierten

8,9,10

Arbeiten auf die in dieser Abhandlung fortlaufend verwiesen wird.

1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)
Insbesondere die himodynamische Wirkung eines neues Kompressionsstrumpfes mit
inversem/progressivem Anpressdruckverlauf, in dieser Arbeit als PECS (progressive
elastic compression stocking) bezeichnet, soll ermittelt und mit dem GECS verglichen
werden. In jlingerer Zeit wurde eine im Vergleich zu GECS bessere vendse Drainage
beschrieben, gepaart mit besserem Tragekomfort'>. Ein erhéhter Anpressdruck iiber
der Wade wie beim PECS konnte vorteilhaft sein, da sich in Wadenmitte vendse
KapazititsgefiBe mit grolem Volumen befinden. Ein in Wadenmitte erhohter
Anpressdruck konnte der vendsen Poolbildung entgegen wirken. Die postulierte
leichtere Anziehbarkeit des PECS im Vergleich zum GECS konnte die oft mangelnde
Adhirenz der Patienten verbessern. Folglich sollen in dieser Arbeit der Anpressdruck,
die venose Himodynamik, der Tragekomfort sowie die klinischen Effekte in Bezug
auf Volumenverdnderungen und klinischer Besserung anhand eines Scores
vergleichend fiir GECS und PECS dargestellt werden.

2. Einfluss der Lange eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Von der Liange des medizinischen Kompressionsstrumpfes sind hdmodynamische

Wirkungen abhingig: Wenn insuffiziente vendse Segmente {liber eine ldngere Strecke



(z.B. Unter- und Oberschenkel) komprimiert werden, ist eine ausgeprégtere
Funktionsverbesserung im Vergleich zu einer kurzstreckigen Kompression (z.B. des
Unterschenkels) zu erwarten. Diese Hypothese wurde liberpriift, indem die Lénge des
Unterzugstrumpfes eines Zweikomponentenkompressionsstrumpfes (Venotrain ®

Ulcertec) variiert wurde.

Material und Methoden

Patientenkollektiv

Einschluss- und Ausschlusskriterien sind fur die beiden Studien in den Arbeiten

aufgefiihrt

1.

8,9,10

Wirkung und Wirksamkeit von Kompressionsstrimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)

Kompressionsstriimpfe mit unterschiedlichem Anpressdruckverlauf (degressiver
Anpressdruckverlauf GECS versus invers degressivem Anpressdruckverlauf PECS)
32 gesunde Probanden und 32 Patienten mit CEAP Stadium 3-5 wurde als
KohortengroBe fiir die Untersuchung des PECS Strumpfes im Vergleich zum GECS
Strumpf festgelegt.

Einfluss der Linge eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Einfluss der Kompressionsstrumpflinge auf die Wirkung und Wirksamkeit
19 Patienten mit im CEAP Stadium 3 — 6, also auch mit floridem Ulcus cruris, wurden
in die Untersuchungen zu den Ulcertec Striimpfen eingeschlossen. Eine periphere
arterielle Verschlusskrankheit (PAVK) wurde bei allen Studienteilnehmern mittels
peripherem Pulsstatus sowie einem Bein/Arm-Druckindex (CBI) >0,8 ausgeschlossen.
Eine Klappeninsuffizienz der Vena saphena magna oder der Vena saphena parva

wurde mittels Duplexsonographie dokumentiert.

Kompressionsmaterialien

Im Folgenden sind die in den Studien verwendeten Kompressionsstriimpfe dargestellt:

1.

Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS) (Tab. 4°)
Strumpftyp A - Medizinischer Unterschenkelkompressionsstrumpf nach RAL

(Anpressdruck 23 mmHg — 32 mmHg), hochster Anpressdruck auf B1-Level (=ca. 12
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cm proximal des Innenknochels), Anpressdruck von distal nach proximal abfallend,
hier als GECS bezeichnet.

e Strumpftyp B - Medizinischer Unterschenkelkompressionsstrumpf (Anpressdruck 23
mmHg — 32 mmHg) mit verindertem Verlauf des Anpressdruckes, hochster
Anpressdruck auf C-Level (=groiter Umfang Wade), Anpressdruck von distal nach
proximal zunehmend, hier als PECS bezeichnet.

2. Einfluss der Linge eines Kompressionsstrumpfes auf Wirkung und
Wirksamkeit'’

* Unterschenkelkompressionsstrumpf AD Venotrain® Ulcertec: AD Unterstrumpf, 12

mmHg + AD Uberstrumpf, 25 mmHg, insgesamt 37 mmHg
* Oberschenkelkompressionsstrumpf Ulcertec AG 37: AG Unterstrumpf, 12 mmHg +

AD Uberstrumpf, 25 mmHg, insgesamt 37 mmHg
* Oberschenkelkompressionsstrumpf Ulcetec AG 45: AG Unterstrumpf, 20 mmHg +

AD Uberstrumpf, 25 mmHg, insgesamt 37 mmHg

Messung des Anpressdrucks

Die Messung des Anpressdrucks wurde in der Studie ,, Wirkung und Wirksamkeit von
Kompressionsstriimpfen mit unterschiedlichem Anpressdruckverlauf (GECS vs. PECS)*
durchgefiihrt. Hierzu wurde dynamisch (im Liegen, Stehen, bei Bewegung) mittels
luftgefiillten Sensoren der Anpressdruck des Strumpfes am Messpunkt B1 (12 cm proximal

des Innenkndchels) und am Punkt C (maximaler Wadenumfang) gemessen™’.

Dehnungsstreifenplethysmographie

Dynamische Dehnungsstreifenplethysmographie wurde in beiden Studien durchgefiihrt, um
die Abpumpleistung und den vendsen Reflux zu quantifizieren. Die Ejektionsfraktion EF und
der venose Fiillungsindex VFI wurden bestimmt (Abb.1, 2°, Konschake et al.'’). Hierzu
wurden Quecksilberdehnungsstreifen, um den Vorfull gelegt wihrend der Patient einen

standardisierten Bewegungsablauf durchfiihrt.

Volumenmessungen
1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)
Fiir eine differenzierte Bewertung der Volumenverinderungen wihrend einer
Kompressionstherapie mit GECS und PECS kamen zwei Volumenmessungen zum

Einsatz. Image3D® (Bauerfeind AG, Zeulenroda) wurde durchgefiihrt, um den
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Unterschenkel und Oberschenkel zu messen, das Segment ,,distaler Unterschenkel und
FuB8“ wurde wasserplethysmographisch bestimmt (Abb. 1-4°).

2. Einfluss der Lange eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Beim Tragen der Zweikomponenten-Striimpfe wurde fiir die Messung der
Volumenverdnderungen des Unter- und Oberschenkels das Bodytronic®600
(Bauerfeind AG, Zeulenroda) verwendet'®. Dieses System ist eine Weiterentwicklung
des Image3D® und hat den Vorteil einer priziseren Messung ohne spezielle

Messstriimpfe und auf einer selbst rotierenden Drehscheibe.

Tragekomfort

Da von Vorteilen des PECS im Tragekomfort berichtet wurde und dieser vermutlich auch
durch Anderung der Linge des Ulcertec Strumpfes beeinflusst ist, kam in beiden Studien ein
spezieller selbstentwickelter Fragebogen zum Einsatz. Verschiedene Items wie Verrutschen,
Einschniirungen und die Anziehbarkeit der Striimpfe wurden nach jeder Tragephase abgefragt

(Tab.3’, Riebe et al.®, Konschake et al.'’).

Klinische Besserung

Die klinische Besserung der CVI wurde in der Studie ,, Wirkung und Wirksamkeit von
Kompressionsstriimpfen mit unterschiedlichem Anpressdruckverlauf (GECS vs. PECS)*
untersucht. Die klinische Besserung durch Tragen von GECS und PECS wurde mit Hilfe des
Venous Clinical Severity Scores (VCSS) bestimmt. (Tab.2”) Der Score wurde vor und nach
jeder Tragephase berechnet und beinhaltet verschiedene Items wie Schmerzen, Odem und

Enziindung, die mit Hilfe von vier Qualitdten von 0 bis 3 Punkten bewertet werden.

Lebensqualitit

Die Lebensqualitidt wurde in der Studie ,, Einfluss der Linge eines Kompressionsstrumpfes auf
Wirkung und Wirksamkeit“ unter Therapie mit den Ulcertec Striimpfen mit dem Tiibinger
Lebensqualititsfragebogen erhoben'’. Er ist ein ausfithrliches Instrument, um das allgemeine

Wohlbefinden bis hin zu den Angsten und Sorgen im Alltag von CVI Patienten zu erfassen.

Untersuchungsablauf

Fiir alle Kompressionsstriimpfe in beiden Studien wurde eine Tragezeit von einer Woche
festgelegt. Als Studienbein wurde das linke Bein definiert, im Falle einer CVI bds. wurde das
Bein mit der hohergradigen CVI als Studienbein untersucht. Vor jeder Tragephase wurden die
dehnungsplethysmographisch erhobenen Parameter und der der Anpressdruck des GECS und

des PECS bestimmt. Beinvolumina wurde bei jeder Visite gemessen. Am Ende der
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Tragephase wurde von den Studienteilnehmern der Fragebogen zum Tragekomfort ausgefiillt.
Den Tiibinger Lebensqualititsfragebogen erhielten die Patienten zu jeder Visite, ebenso
wurde der VCSS zu jeder Visite neu berechnet. Zwischen den Tragephasen wurde eine
Woche ohne Kompressionstherapie festgelegt (Abb. 5°; Abb. 1'°). Die Zuordnung zu den
Gruppen erfolgte randomisiert durch eine Liste eines unabhidngigen Statistikers nach Erhalt

eines positiven Ethikvotums.

Statistik

Die Computersoftware RStudio (RStudio Inc., Boston, USA) wurde fiir die Datenanalyse und
statistischen Berechnungen benutzt. Mittelwerte und Standardabweichungen wurden
berechnet und die Ergebnisse in Boxplots, Linien-und Balkendiagrammen visualisiert. Der
gepaarte T-test wurde zur Darstellung individueller Einfliisse berechnet, fiir Vergleiche
zwischen diesen Signifikanzniveaus wurden Varianzanalysen erstellt. Fiir alle Berechnungen
und Vergleiche wurde ein Signifikanzniveau von p<0,05 als statistisch signifikant

festgelegt™”'°.

Ergebnisse

Demographie
1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)
Fiir die Gegeniiberstellung von GECS und PECS wurden 33 gesunde Probanden und
33 Patienten mit CVI rekrutiert. Nach Ausschluss von 2 Teilnehmern auf Grund von
Non-Compliance verblieben 19 ménnliche und 45 weibliche Teilnehmer in der Studie

(Tab. 5°). Eine Altersverteilung ist hier angegeben:

Tabelle 1: Altersverteilung des Probanden- und Patientenkollektivs

Alter Gesunde Kranke

20-29 22 9

30-39

40-49

50-59

70-79

— W] WO | =

4
5
1
60-69 0
0
0

80-89

SUMME 32 32
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2. Einfluss der Linge eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Fiir die Untersuchung der Ulcertec Striimpfe wurden 19 Patienten mit CVI rekrutiert,

drei Patienten wurden hier auf Grund mangelnder Compliance ausgeschlossen werden

(Abb. 2'°).

Anpressdruck

Der GECS erzielte distal am Punkt Bl einen hoheren Anpressdruck als am Punkt C. Der
PECS verhielt sich dazu gegenliufig (Abb. 3-4%). Insgesamt stimmen die in vivo Messwerte
gut dem in vitro Herstellerangaben iiberein (Tab. 6°). Die dynamischen Anpressdruckwerte

sind im Folgenden dargestellt:

Tabelle 2: Mittelwerte des dynamischen Anpressdrucks in mmHg

Punkt B1 Punkt C
: GECS 27,17 20,17
D
on
-3 PECS 17,53 24,38
- GECS 27,25 19,61
2
g PECS 17,78 24,67
s 3 GECS 27,11 20,14
=
e & | PECS 17,97 25,09

Dehnungsstreifenplethysmographie

1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)
Die Analyse der Ejektionsfraktion EF stiitzt sich auf die Daten von 57 Teilnehmern, da
es bei 7 Messungen zu technischen Problemen wéhrend der Zehenstandsiibung kam.
Insgesamt konnte mit GECS und PECS eine Zunahme von EF verzeichnet werden wie
in den Messdaten erkenntlich wird (Tabellel1-2%). Die Zunahme von EF (%) war mit
dem GECS verglichen mit dem PECS héher, p=0,02 (Abb. 5°). Beim Venous Filling
Index (VFI) als MaB fiir den vendsen Reflux konnte mit beiden Striimpfen eine
signifikante Reduktion gemessen werden, p<0,001. Der Unterschied zwischen den
beiden Striimpfen war hier nicht signifikant, p>0,05 (Abb. 6°).

2. Einfluss der Lange eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Auch mit allen Zweikomponenten-Striimpfen AD, AG37 und AG45 konnte eine
Reduktion von VFI erzielt werden, p<0,05 (Tab. 5'°). Die Reduktion des AD
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Strumpfes lag im Mittel nicht signifikant niedriger als bei den Oberschenkelstriimpfen

(Abb. 6').

Volumen
1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)
Wasserplethysmographisch konnte das Volumen des FuBles inklusive des distalen
Unterschenkels in der Therapie mit GECS und PECS bestimmt werden. Im Mittel
wirken sich die beiden Striimpfe positiv auf das Volumen aus, jedoch ist die

Volumenabnahme des PECS in der Patientenkohorte nicht signifikant (Abb. 7°).

Bei der Volumenmessung des Unterschenkels mit Image3D konnte eine signifikante
Reduktion mit GECS und PECS verzeichnet werden (Tab. 7-8%). Im Vergleich zeigten
die beiden Striimpfen bei gesunden Probanden und Patienten dhnliche Reduktionen,
p>0,05 (Abb.6"). AuBerdem konnte mit Image3D das Volumen des Oberschenkels
gemessen werden. Die Messwerte sind hier vergleichend mit denen des

Unterschenkels abgebildet:

Tabelle 3: Volumenédnderungen von Ober-und Unterschenkel mit Image3D

Oberschenkel Unterschenkel
GECS PECS GECS PECS
Mittelwert (V in ml) 9,7 -5,6 -37,5 -37,2
Gesunde ;
Standardabweichung 118,7 99,5 90,3 66,8
Mittelwert (V in ml) 30,94 24,1 -55,6 -41,6
Patienten ;
Standardabweichung 160,83 165,9 93,1 89,4

Beide Striimpfe

Unterschenkelvoluments.

fiihren bei

gesunden Probanden zu einer Reduktion des

Diese ist verbunden mit einem im Vergleich nicht

signifikanten Einfluss auf den Oberschenkel. In der Patientenkohorte wird deutlich,
dass die Reduktion des Unterschenkels eine Umverteilung in den Oberschenkel
bewirkt.

2. Einfluss der Linge eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Auch mit den Ulcertec Striimpfen wurde das Volumen von Ober- und Unterschenkel
bestimmt. Eine Reduktion des Oberschenkelvolumens konnte mit AG37 und AG45
gezeigt werden (Tabelle 2'°). Die Abnahme des Oberschenkelvolumens durch den

AG37 war schwach signifikant gegeniiber der leichten Zunahme im Oberschenkel
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durch den AD-Strumpf, p<0,1 (Abb.3'’). Alle drei Strimpfe wirkten sich jedoch
signifikant positiv auf den Unterschenkel aus (Tabelle 3'’), die Reduktion des

Unterschenkelvolumens war im Vergleich der drei Kompressionsstrumpfe AD, AG37

und AG45 nicht signifikant unterschiedlich (Abb.4'%).

Tragekomfort

1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem
Anpressdruckverlauf (GECS vs. PECS)
Mit Hilfe von verschiedenen Ausprigungen (nicht vorhanden bis stark) konnten
signifikant mehr Einschniirungen und Engegefiihl mit dem GECS gezeigt werden. Der
PECS war leichter anzuzichen, verrutschte jedoch auch leichter (Abb. 7°). Die
Evaluation dieser Daten nach Hiufigkeit des Auftretens ergibt, dass Einschniirungen,
Engegefiihl sowie Kribbeln des Beines signifikant 6fter mit dem GECS auftraten
(Abb. 9%), der PECS hiufiger verrutschte und der GECS erschwert anziehbar war
(Abb. 10%). Juckreiz, Wirmegefithl und andere Begleiterscheinungen der
Kompressionstherapie waren nicht signifikant unterschiedlich.

2. Einfluss der Linge eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Der Fragebogen wurde auch fiir die Therapie mit den AD, AG37 und AG45 Ulcertec
Striimpfen von den Patienten ausgefiillt. Mit allen 3 Striimpfen wurden nur wenige

Begleiterscheinungen bemerkt (Abb. 9'%).

Klinische Besserung

Mit Hilfe des VCSS konnte vor allem eine Abnahme des Odems und der Schmerzen iiber die
einwbchige Kompressionstherapie gezeigt werden, was zu einer Reduktion des Scores mit
GECS und PECS fiihrte (Abb. 8°). Diese Abnahme des Scores war mit dem GECS

ausgepragter.

Lebensqualitit

Im Vergleich der Zweikomponentenstrimpfe AD, AG37 und AG45 konnte ein guter
funktionaler Status bei allen Patienten dokumentiert werden. Die Patienten waren insgesamt
wenig in threm Alltag beeintrachtigt und zeigten Zufriedenheit mit allen drei Striimpfen (Abb.

7-8'9).

Diskussion

1. Wirkung und Wirksamkeit von Kompressionsstriimpfen mit unterschiedlichem

Anpressdruckverlauf (GECS vs. PECS)
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Fiir eine korrekte Beurteilung des neuen Strumpfkonzeptes mit inversem/progressivem
Druckverlauf war es wichtig, den in vivo Anpressdruck des GECS und des PECS an
einem distalen und einen proximalen Punkt zu verifizieren und den Anpressdruck
moglichst genau zu messen. Nur so konnten korrekte Ergebnisse erhoben und die
Wirkung der beiden Striimpfe abgeschatzt werden. Mit Blick auf die erhobenen Daten
stimmten unsere Ergebnisse der in vivo Druckmessungen gut mit den in vitro
Vorgaben {iberein. Einzelne Schwankungen gehen am ehesten auf die Durchfiihrung
der Messung zuriick. Kleinste Anderungen und Abweichungen der Messstelle
bewirken eine grofle Variabilitit des gemessenen Anpressdrucks. Insbesondere die
Messung des Anpressdrucks am Kndchel stellt allgemein eine Herausforderung dar,
wodurch es zu Messabweichungen kommen kann: Strumpfhersteller testen den
Anpressdruck an Holzmodellen, welche nur schwer die menschliche Knochelregion
genau abbilden''. Die Sehnen vieler Muskeln setzten hier an und die Tibia mit dem
Malleolus medialis als Knochenvorsprung und einer ,Fossa retromalleolaris‘
umgebend, senken die Reliabilitidt bei Messungen des Anpressdrucks im Bereich der

B-Region.

Ein Schwerpunkt der Studie war die Untersuchung der vendésen Himodynamik mit
GECS und PECS. Der Venendruck steigt im Stehen an und wird erst wieder durch
Mobilisation reduziert. Bei Patienten mit einer Funktionsstorung im vendsen System
gelingt diese Abnahme des Venendrucks auf Grund von vermehrtem Reflux
ungeniigend. Medizinische Kompression reduziert den Querschnitt oberflachlicher und
tiefer Venen, verkleinert dadurch den Venendruck und erzielt so himodynamischen
Effekte®. Diese Effekte wirken sich auch auf die Messmethodik der
Dehnungsstreifenplethysmographie aus. Von Vorteilen des PECS gegeniiber dem
klassischen GECS wurde hier berichtet®. Es ist zu erwarten, dass mit
Kompressionsstrumpf die Ejektionsfraktion steigt und der Venose Fiillungsindex
sinkt. Im Stehen sollte weniger bzw. langsamer Blutvolumen ins vendse System
transportiert werden. Wiahrend der Zehenstandsiibungen wiederum sollte mehr Blut
Richtung Herzen bewegt werden. Die Ergebnisse in dieser Studie in Bezug auf die
vendse Abpumpleistung sprechen fiir eine Bestrumpfung mittels GECS, d.h. fiir den
RAL-Kompressionsstrumpf mit degressivem Anpressdruckverlauf. Die Messdaten der
hier prédsentierten Studie, in die eine Patientenkohorte und eine Kohorte gesunder

Probanden eingezogen waren, stehen in Gegensatz zu den Daten von Mosti'*"”.
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Die Ergebnisse aus der Himodynamik werden in dieser Studie gestiitzt durch die
Daten der Volumenmessungen. Zusammenfassend zeigten GECS und PECS im
Vergleich eine gleichwertige Volumenreduktion in der Probanden- und
Patientenkohorte, p>0,05. Jedoch reduzierte der RAL-Kompressionsstrumpf GECS
das Fussvolumen und auch das Unterschenkelvolumen sowohl in der Gruppe der
gesunden Probanden als auch in der Gruppe der Patienten wirksamer. Die
Volumenreduktion des FuBles und distalen Unterschenkels war hingegen mit dem
PECS in der Patientenkohorte nicht signifikant. Die Daten sind dahingehend stimmig,
als das der PECS in dieser Studie ebenfalls eine geringere Verbesserung der
Abpumpleistung aufwies, p<0,05. Eine verbesserte Ejektionsfraktion als MafB fiir die
vendse Abpumpleistung senkt den vendsen Druck, reduziert den kapilldren
Fliissigkeitsaustritt und fiihrt so langfristig zur Odemreduktion. Eine verbesserte
Hédmodynamik fiihrt somit auch zur klinischen Besserung. Die klinische Besserung
zeigt sich auch anhand der Ergebnisse des Venous Clinical Severity Score. Hier sind
die Daten kongruent und zeigen ebenfalls einen Vorteil fiir den GECS. Es ist jedoch
auch wichtig, die Daten zu Tragekomfort und Begleiterscheinungen in die Bewertung
der Kompressionsstriimpfe einzubeziehen. Wie von Riebe et al.” diskutiert, geht eine
niedrige Adhdrenz der Patienten mit einer ausbleibenden Wirksamkeit der
Kompressionstherapie einher Ein fester Strumpf mit ausgepriagter nachgewiesener
Verbesserung der Himodynamik ist somit nur von nachhaltigem Nutzen, wenn der
Patienten die guten hdmodynamischen Wirkungen als spiirbare Erleichterung seiner
Beschwerden wahrnimmt. Nur dann wird der Kompressionsstrumpf verldsslich
getragen. Erschwerte Anziehbarkeit und Begleiterscheinungen senken die Adhédrenz.
Der Kompressionsstrumpf mit inversem Anpressdruckverlauf PECS lésst sich leichter
anziehen, diese Vorerfahrung anderer Studien konnte hier bestitigt werden. Insgesamt
war sowohl der PECS als auch der GECS gut vertraglich.

. Einfluss der Linge eines Kompressionsstrumpfes auf Wirkung und Wirksamkeit
Mit Blick auf die Ergebnisse der beiden Unterschenkelkompressionstriimpfe GECS
und PECS wird der positive Effekt auf die Entstauung des Unterschenkels deutlich.
Die Volumenergebnisse am Oberschenkel wihrend der Therapie mit einem AD
Strumpf zeigen auch die Indikation fiir einen AG Strumpf. Fiir die Therapie der CVI
kombiniert mit trophischen Hautschédden sind wirksame AD
Zweikomponentenstriimpfe auf dem Markt'’. Die hier dargestellten Daten zeigen eine

signifikant verbesserte Entstauung des Unterschenkels durch leichte Kompression des
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Oberschenkels durch den Unterstrumpf mit AG37. Da in allen drei Strimpfen der
gleiche Oberstrumpf mit einheitlichem Druck zum Einsatz kam, sind die gezeigten
Effekte nur auf den Unterstrumpf zuriickzufiihren. Der positive Effekt der AG
Striimpfe auf die Odemreduktion zeigt sich auch bei der Himodynamik, wo der AG37
und der AG45 bessere (n.s.) Ergebnisse erzielten. Mit Blick auf den Tragekomfort
konnte ausgefiihrt werden, dass dieser durch die Linge nicht beeinflusst wurde und
auch die Zahlen des Tiibinger Fragebogens zeigen eine gute Lebensqualitit mit AD,

AG37 und AG45.

Fazit

Zusammenfassend sprechen die hier présentierten Daten iiber den Einfluss der
Kompressionsstrumpfldnge auf himodynamische Wirkungen und auf Entddematisierung des
Beines fiir die Anwendung der ldngeren Kompressionsstriimpfe, d.h. fiir die Verwendung von
AG-Oberschenkelkompressionsstriimpfen. Missempfindungen am proximalen Unterschenkel,
Hautirritationen im  Bereich des Haftbandes konnen die Anwendung des
Unterschenkelstrumpfes erschweren. Ein AG Strumpf hat den Vorteil der entstauenden
Wirkung auch des Oberschenkels, ohne dass, wie hier dargestellt, der Tragekomfort negativ

beeinflusst wird.

AbschlieBend soll auch an dieser Stelle der Einsatz des PECS diskutiert werden. Im Vergleich
dieser Ergebnisse mit den Ergebnissen von Mosti et al.'? kénnen folgende Unterschiede im
Studiendesign und in der Durchfiihrung gefunden werden: 1. Einschluss von CVI Patienten ab
CEAP Stadium C3 in dieser Studie versus ab C2; 2. Verwendung von Dehnungsstreifen aus
Quecksilber anstelle von Indium-Gallium; 3. Verwendung von Kompressionsstriimpfen eines
anderen Strumpfherstellers; 4. Platzierung der Messstreifen im VorfuBBbereich. Mosti et al.
wihlten eine Stelle 5 cm distal der Patella und proximal des Strumpfes. Nach unseren nicht
publizierten Erfahrungen sind Messungen der Ejektionsfraktion an diesem Messort nicht
valide. Die Messstelle im Bereich des Vorfulles hingegen ist als distaler Punkt des Beines ein
sensibler Ort fiir Volumenverschiebungen und zeigt frith Zeichen einer himodynamischen

Einschrinkung des Beines.

Der klinische Nutzen des PECS und die Verbesserung der Himodynamik wurden gezeigt. Die
bessere Anziehbarkeit resultiert aus dem im Vergleich zum GECS groferen Strumpfumfang
auf Hohe des Unterschenkelkndchels. Der groBere Strumpfumfang des distalen Strumpfes
lasst den Strumpf leichter iiber die Ferse gleiten. Der PECS-Strumpf wurde als allgemein

nicht so eng empfunden wie der GECS. Dem steht die Neigung zum Verrutschen entgegen.
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Diese Vorteile im Tragekomfort und einer damit einhergehenden besseren Compliance
machen den PECS zu einer interessanten Alternative in der Kompressionstherapie. Ein
moglicher Einsatz bei &lteren Patienten mit reduzierter Muskelkraft oder Patienten mit

leichten CVI Stadien erscheint denkbar.

20



Zusammenfassung

Ziel: Der Einfluss der Léinge und des Anpressdrucks in der medizinischen

Kompressionstherapie sollten untersucht werden.

Methoden: Der klassische Kompressionsstrumpt GECS (graduated elastic compression
stocking) wurde verglichen mit einem Kompressionsstrumpf mit inversen/progressiven
Druckverlauf, PECS (progressive elastic compression stocking). Anpressdruck,
Hamodynamik mittels Dehnungstreifenplethysmographie, klinische Besserung mittels
Volumenmessungen sowie der Tragekomfort der Striimpfe wurde erhoben. Die klinische
Wirksamkeit wurde auch mit Hilfe des VCSS (Venous clinical severity score) gepriift. Fiir die
Studie wurden die Daten von 32 gesunden Probanden und 32 Patienten mit einer CVI im

CEAP Stadium C3 — C5 ausgewertet.

Eine zweite Studie wurde durchgefiihrt, in der die Lange und der Anpressdruck von speziellen
Zweikomponenten-Striimpfen variiert wurden. Ein Unterschenkelkompressionsstrumpf, AD
Venotrain® Ulcetec, Anpressdruck 37 mmHg, wurde verglichen mit einem
Oberschenkelkompressionsstrumpf AG37 (Anpressdruck 37 mmHg) und einem weiteren
Oberschenkelkompressionsstrumpf AG45 (Anpressdruck 45 mmHg). Der Oberstrumpf mit 25
mmHg war allen drei Striimpfen gemein. Verschieden waren die Lange und der Anpressdruck
des Unterstrumpfes. Himodynamik, klinische Besserung, Lebensqualitdt und Tragekomfort
der drei Striimpfe wurden gemessen. Die Ergebnisse basieren auf den Daten von 16 Patienten
mit einer CVI im Stadium C3 — C6. In beiden Studien wurden die Kompressionsstriimpfe je
eine Woche getragen, gefolgt von einer Woche ohne Kompression, bis der Teilnehmer das

nédchste Priifprodukt im crossover design testete.

Ergebnisse: Nachweis eines hoheren Drucks im Bereich des Knochels beim GECS
verglichen mit einem hoéheren Druck im Bereich der Wade mit dem PECS. Bei der
plethysmographischen Messung der Ejektionsfraktion ergab sich ein Vorteil fiir den GECS,
p<0,05. Volumenreduktion mit GECS und PECS in zwei verschiedenen Methoden. Keine
signifikanten Unterschiede in der Volumenreduktion des Unterschenkels zwischen GECS und
PECS, jedoch war wasserplethymographisch d.h. im Bereich von Fuss und distalem
Unterschenkel die Reduktion in Bezug auf das Ausgangsvolumen in der Patientenkohorte
nicht signifikant. Bessere Anziehbarkeit des PECS gegeniiber dem GECS. Mit den AG
Striimpfen konnten der Ober- und Unterschenkel entstaut werden. Mit AD Striimpfen:

Volumenabnahme im Unterschenkel, aber Volumenzunahme im Oberschenkel.

21



Diskussion: Nachweis eines verbesserten Tragekomforts mit dem PECS und damit eine
Alternative in der Kompressionstherapie. Der GECS zeigte bessere Hdmodynamik und
klinische Effekte besonders in der Patientenkohorte. In der zweiten Studie wurde der der
positive Einfluss von Oberschenkelkompressionsstriimpfen (AG) auf die klinische

Wirksamkeit gegeniiber Unterschenkelkompressionsstriimpfen (AD)  gezeigt werden.

22



Literaturverzeichnis

1.

10.

11.

12.

Rabe, E., Pannier-Fischer, F., Bromen, K., Schuldt, K., Stang, A., Poncar, C., ... &
Jockel, K. H. (2003). Bonner Venenstudie der Deutschen Gesellschaft fiir Phlebologie.
Phlebologie, 32(1), 1-14.

Biland, L. (1981). Venenleiden: e. reprdsentative Unters. in d. Bevélkerung d.
Bundesrepublik Deutschland, (Tiibinger Studie). H. Fischer (Ed.). Urban &
Schwarzenberg.

Rabe, Eberhard; Caggiati, Alberto (2003): Grundlagen der Phlebologie. 3., erw. und
vollst. liberarb. Neuaufl. Kbln: Viavital-Verl.

Beecher, H. K., Field, M. E., & Krogh, A. (1936). The Effect of Walking on the
Venous Pressure at the Anklel. Skandinavisches Archiv Fiir Physiologie, 73(1), 133-
141.

Klyscz, T., Galler, S., Steins, A., Ziider, D., Rassner, G., & Jinger, M. (1997). Einfluf}
einer Kompressionstherapie auf die Mikro-zirkulation der Haut bei Patienten mit
chronischer Veneninsuftizienz (CVI). Der Hautarzt, 48(11), 806-811.

Partsch, B., & Partsch, H. (2005). Calf compression pressure required to achieve
venous closure from supine to standing positions. Journal of vascular surgery, 42(4),
734-738.

Herouy, Y., Kahle, B., Idzko, M., Eberth, I., Norgauer, J., Pannier, F., ... & Bruckner-
Tuderman, L. (2006). Tight junctions and compression therapy in chronic venous
insufficiency. International journal of molecular medicine, 18(1), 215.

Riebe, H., Konschake, W., Haase, H., & Jiinger, M. (2015). Interface pressure and
venous drainage of two compression stocking types in healthy volunteers and in
patients with hemodynamic disturbances of the legs. Clinical hemorheology and
microcirculation, 61(2), 175-183.

Riebe, H., Konschake, W., Haase, H., & Jiinger, M. (2016). Advantages and
disadvantages of graduated and inverse graduated compression hosiery in patients
with chronic venous insufficiency and healthy volunteers: A prospective, mono-
centric, blinded, open randomised, controlled and cross-over trial. Phlebology,
0268355516682885.

Konschake, W., Riebe, H., Pediaditi, P., Haase, H., Jiinger, M., & Lutze, S. (2016).
Compression in the treatment of chronic venous insufficiency: Efficacy depending on
the length of the stocking. Clinical Hemorheology and Microcirculation, (Preprint), 1-
10.

Partsch, H., Clark, M., Bassez, S., BENIGNI, J. P, Becker, F., Blazek, V., ... &
Jiinger, M. (2006). Measurement of lower leg compression in vivo: recommendations
for the performance of measurements of interface pressure and stiffness. Dermatologic
surgery, 32(2), 224-233.

Mosti, G., & Partsch, H. (2011). Compression stockings with a negative pressure
gradient have a more pronounced effect on venous pumping function than graduated
elastic compression stockings. European Journal of Vascular and Endovascular
Surgery, 42(2), 261-266.

23



13. Mosti, G., & Partsch, H. (2013). Occupational leg oedema is more reduced by
antigraduated than by graduated stockings. European Journal of Vascular and
Endovascular Surgery, 45(5), 523-527.

24



Danksagung

Fiir meine Eltern, die mir meinen Werdegang ermdglichten und meiner Verlobten, die mir

Halt- und Riickhalt gibt.

Herrn Professor Jiinger danke ich fiir gute Zusammenarbeit und stetige Forder- und
Forderung.

25



Lebenslauf

Personliche Daten

Wolfgang Konschake

11. Juli 1989 in Greifswald geboren
ledig, keine Kinder

Schul- und Berufsausbildung
1996 - 2009

Schulische Lauftbahn mit Erlangen der Hochschulreife am Schlossgymnasium Giitzkow

2006 - 2007
Einjdhriger Auslandsaufenthalt in Edinburgh, Schottland mit Erlangen der Hochschulreife an
der Leith Academy

10/2010

Beginn des Medizinstudiums an der Ernst-Moritz-Arndt Universitdt Greifswald

2015 -2016
Praktisches Jahr an der Universititsmedizin Greifswald, Klinik fiir Innere Medizin, Klinik fiir
Chirurgie und Klinik fiir Haut- und Geschlechtskrankheiten sowie im Klinikum Karlsburg,

Herz- und Diabetes Zentrum und DRK Krankhaus Grimmen

12/2016

Abschluss des Medizinstudiums und drztliche Approbation

Seit 01/2017

Weiterbildungsassistent in der Hautklinik der Universititsmedizin Greifswald

Wolfgang Konschake  Greifswald, den 24. Mérz 2017

26



Eidesstattliche Erklirung

Hiermit erklére ich, dass ich die vorliegende Dissertation selbstindig verfasst und keine anderen als
die angegebenen Hilfsmittel benutzt habe.

Die Dissertation ist bisher keiner anderen Fakultit, keiner anderen wissenschaftlichen

Einrichtung vorgelegt worden.

Ich erkldre, dass ich bisher kein Promotionsverfahren erfolglos beendet habe und dass eine

Aberkennung eines bereits erworbenen Doktorgrades nicht vorliegt.

Datum Unterschrift

27



Rights for use of this manuscript in present doctoral dissertation was exclusively given by 10S Press ©

Clinical Hemorheology and Microcirculation 61 (2015) 175-183 175
DOI 10.3233/CH-151989
IOS Press

Interface pressure and venous drainage of
two compression stocking types in healthy
volunteers and 1n patients with hemodynamic
disturbances of the legs

Helene Riebe*, Wolfgang Konschake, Hermann Haase and Michael Junger
Department of Dermatology, Universitdtsmedizin Greifswald, Germany

Abstract. Standard of care in the therapy of chronic venous insufficiency (CVI) is the use of graduated elastic stockings
(GECS). This paper is based on a prospective, mono-centric, open randomised, controlled and cross over study and discusses the
hemodynamic effects of GECS and inverse graduated compression stockings (PECS) in 32 healthy volunteers and 32 patients
with CVI and the consecutive impact on comfort. The application of stockings was performed sequentially, the allocation of the
first stocking was randomized and double blind, wearing period for each stocking type about 7 days with one week of break
between wearing periods. Measurements of the interface pressure were carried out by Picopress®(Microlab Elettronica, Italy)
and the venous drainage were registered by strain gauge plethysmography. Mean interface pressure: GECS (level B1): 27.3
mmHg; GECS (level C): 19,6 mmHg; PECS (level B1): 17,8 mmHg; PECS (level C): 24,7 mmHg. Significant increase of EF
and decrease of VFI by wearing both types of compression stockings, comparatively GESC resulted in a significantly greater
improvement of EF than the PECS. PECS were significantly easier to don and put on compared to the GECS, the PECS tended
to slip towards the foot more often.

Keywords: Chronic venous insufficiency, compression stockings, graduated elastic stockings, GECS, progressive pressure,
PECS, interface pressure profile

1. Introduction

Compression therapy using compression stockings is an established part of non-invasive treatment of
chronic venous insufficiency (CVI). Physical therapy with compression stockings is effective in improving
pathological venous hemodynamics and prevents the progress of venous diseases, resulting in a reduction
of the clinical symptoms of CVI [10, 12]. Standard of care is the use of graduated elastic stockings with
a digressive pressure profile from distal to proximal (GECS). The theoretical background is to create
a pressure profile of a circular compression that is inversely proportional to the radius of curvature of
the leg [9]. The result is a pressure profile with a continuously decreasing pressure gradient from distal
to proximal and causes an increase in the venous drainage from distal to proximal with simultaneous
decrease of the venous reflux and a reduction of the leg volume. In contrast, several authors describe
a new approach of compression therapy, using inverse graduated compression stockings (PECS). This
progressive pressure system is based on providing a higher pressure over the calf than in the area of
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the ankle, because the highest amount of blood pool is located in the middle-calf area and a higher
pressure over the calf might reduce venous pooling capacity [7, 8]. Furthermore, it is postulated that
these compression stockings are more comfortable and easier to put on due to the lower pressure in the
ankle area. The resulting positive impact on the compliance has been well studied in sports applications
and in patients with mild chronic venous insufficiency [3, 4].

The aim of this prospective, mono-centric, open randomised, controlled and cross over study is the
comparative examination of the hemodynamic effects of GECS and PECS in both healthy volunteers and
patients with chronic venous insufficiency and the consecutive impact on comfort and compliance.

2. Material and methods
2.1. Patients

Calculations with a significance level of 5% and a power of 80% showed the necessity of recruitment
of 32 healthy volunteers and 32 patients with chronic venous insufficiency. After receiving an approval
of the Ethics Commission, we initiated the recruitment of 19 male and 45 female subjects. Inclusion
criterion for all 32 patients was the existence of a chronic venous insufficiency (CVI) with CEAP C3-C5
(C3 =27 subjects, C4 =5 subjects) based on'the standard CEAP classification developed in 1988 [14].
A significant insufficiency of the great and the small saphenous vein had to be documented with duplex
ultrasound and the detection of a venous reflux time >1 s during a Valsalva manoeuvre was considered
to be pathological. In addition, a good mobility for executing the exercises required by the protocol
should be ensured. Exclusion criteria were primarily systemic diseases such as diabetes mellitus, an
uncompensated heart failure and other.diseases that are associated with a tendency to edema. A peripheral
arterial occlusion disease was excluded by detecting a normal pulse status (A. dorsalis pedis; A. tibialis
posterior; A. radialis) followed by a regular Ankle-Brachial Index >0,8 (ABI).

2.2. Compression materials

Two different types of knee-length elastic compression stockings (Firma Bauerfeind, Zeulenroda,
Germany) were used in a randomized order and the volume for the precise adjustment of the compression
stockings was measured by Image3D system (Bauerfeind AG, Zeulenroda). Stocking type A: graduated
elastic compression stocking (GECS), RAL tested, higher pressure exerted at level B1 (12 cm proximal
to the inner ankle) and with a declining pressure from distal to proximal. Stocking type B: progressive
elastic compression stocking (PECS), higher pressure exerted over the maximal calf circumference (level
C) than in the area of the inner ankle (level B1).

2.3. Measurement of interface pressure

Dynamic interface pressure was measured by specific air-filled sensors placed at defined and repro-
ducible sites of the lower leg (Picopress®, Microlab Elettronica, Italy). In every subject the measurements
were carried out at the level B1 (12 cm proximal to the inner ankle) and level C (maximal calf circum-
ference) during a standardized exercise program (1. situation =supine position, 2. situation = standing
position, 3. situation =movement of ten tiptoes). The sensors registered every fluctuation of pressure
during this exercise program and the transformed electronic signals were continuously recorded.
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2.4. Strain gauge plethysmography

The function of the calf muscle pump and the venous drainage were determined by using mercury strain
gauges (Gutmann, Compaktus Medizinelektronik, Germany) established by Whitney et al. [5, 11, 13].
Dynamic parameters like the ejection fraction (EF) and the venous filling index (VFI) were assessed fol-
lowing the examination procedure described by Christopoulos et al. [2]. Depending on the circumference,
different strain gauges were used and placed at the middle of the foot. After calibration of the system
in supine position the experimental intercourse was initiated by elevating the leg to empty the veins
and consequently the minimal volume of the leg was documented. Thereafter the subject was asked to
stand up and the leg volume increases by filling the veins: The finally registered maximal venous volume
(VV) is described as the difference between empty and filled veins. The venous filling index (VFI) is
defined as the quotient of 90% of venous filling (90%VV) and the time (VFT90), which is required for
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Fig. 1. Method to detect the venous filling index (VFI).
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it (VFI=90%VV/VFT90), expressed in ml/100 ml/s (Fig. 1). To evaluate the venous drainage and the
quality of venous pump function the measurement was completed by 10 tiptoe movements. The amount of
blood that is pumped towards the heart by activating the calf muscle pump is represented as the expelled
volume (EV). The Ejection fraction (EF) is defined as the quotient of 100 x EV/VV expressed in %
(Fig. 2).

2.5. Assessment of comfort

To assess the comfort of the two different stockings, we designed an appropriate questionnaire. Different
items were included, e.g. strangling, slipping, ease of donning, adverse events and overall comfort. The
subject was able to select 4 qualities for every item (0 = not present, 1 =low present, 2 = moderate present,
3 =highly present). The questionnaire was handed out directly after the subject completed the wearing
period of each stocking.

2.6. Examination procedure

The application of stockings was performed sequentially and the allocation of the first stocking was
randomized and double blind. We defined a wearing period of 7 days for each stocking type and established
one week break between the 2 wearing periods. The measurements of the interface pressure and the venous
drainage were carried out on every visit, values of strain gauge plethysmography were registered with
and without wearing the compression stocking. Thus we performed a prospective, randomized controlled
and cross-over study.

3. Results

Measuring the interface pressure, the GECS achieved a higher pressure at level B1 compared to level C.
As expected, we obtained inverse results with the PECS — the highest pressure was measured at the calf,
decreasing towards the distal leg. Measuring the interface pressure under dynamic conditions, highest
pressure of both stocking systems was registered during the tiptoe movement. Pressure of the GECS
varied from 15 mmHg at the calf level to 33 mmHg measured at level B1. Results of the PECS showed
variations from 12 mmHg measured at the ankle to 33 mmHg at the calf. Mean pressure values measured
of both stockings: GECS (level B1): 27.3 mmHg; GECS (level C): 19,6 mmHg; PECS (level B1): 17,8
mmHg; PECS (level C): 24,7 mmHg (Figs. 3 and 4).

Analysis and evaluation of the ejection fraction using strain-gauge plethysmography showed a total
of seven measurements which had to be excluded due to technical reason while performing the tip toe
movements. Consequently for all following interpretations the EF data of 27 healthy volunteers and
30 patients were used. EF before and while wearing both types of compression stockings showed an
improvement of the pump function significantly in the group of healthy volunteers as well as in the
group of patients, p <0,001 (Tables 1 and 2). Comparatively the GESC resulted in a significantly greater
improvement of EF than the PECS, p =0,02 (for healthy volunteers: p =0,07; for patients: p =0,01). Delta-
EF is defined as difference between EF with compression and EF without compression and showed a
greater increase with the GECS (GECS: median 45,35%; PECS: median 23,38%, (Fig. 5).

For the evaluation of the venous filling index we were able to process all subjects’ data because the
registration of this static parameter measurement does not depend on the dynamic conditions we needed
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for the registration of the EF. We have seen a reduction of blood volume per time in standing position with
compression applied. To quantify the reduction, we calculated the difference of VFI with compression and
VFI without compression to get Delta-VFI. Delta VFI showed a decrease with GECS of —0,05/100 ml/s
versus PECS of —0,03 mlI/100 ml/s (Fig. 6). Significant difference between both stockings could not be

found, p >0,05. However there was a significant difference between the two cohorts, p <0,001.

Beside the hemodynamic effects, the overall comfort of the GECS and PECS was assessed with a
questionnaire. The subject was able to select 4 qualities for each item (0 =not present, 1 =low present,
2 =moderate present, 3 =highly present). Important qualities like strangling (GECS: 1,19 versus PECS:
0,80; p <0,05) and tightness of the leg (GECS: 1,06 versus PECS: 0,48; p <0,001) occurred significantly
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Fig. 6. Comparison of Delta VFI by wearing GECS and PECS.

more often with the GECS. On the other hand the PECS tended to slip towards the foot more often (GECS:
0,34 versus PECS: 1,47; p <0,001). Another item was the ease of donning. PECS were significantly easier
to don and put on compared to the GECS (GECS: 1,63, PECS: 0,58; p<0,001) (Fig. 7).

4. Discussion

By definition, the GECS represents a compression stocking with a decreasing pressure gradient from
the lower to the upper leg for creating an increase in venous drainage from distal to proximal. This
standardized profile is based on the assumption that the highest pressure of the hydrostatic column is
at the lowest point of the body and a drainage from distal to proximal can be ensured by the digressive
pressure profile of acompression stocking. In this study we used GECS with a well-defined and theoretical
interface pressure of 23—32 mmHg at level B and a reduced pressure profile by 20%—-50% on level C.
Looking at the in vivo results for the interface pressure at both levels, you can see that the GECS used
corresponded to the specifications of compression stockings of Class 2. The PECS used is a compression
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Fig. 7. Assessment of comfort wearing the GECS and PECS, mean values of the qualities for every item (0 =not present, 1 =low
present, 2 = moderate present, 3 =highly present).

Table 1
EF without compression (=EF0)

EF 0 - GECS EF 0 - GECS EF 0 - PECS EF 0 - PECS
(volunteers) (patients) (volunteers) (patients)
25% percentile 57,27 16,62 60,92 22,62
median 62,35 36,3 70,43 31,18
75% percentile 75,56 61,56 79,9 47,38
Table 2
EF without compression (=EF1) %
EF 1 - GECS EF 1 - GECS EF 1 - PECS EF 1 -PECS
(volunteers) (patients) (volunteers) (patients)
25% percentile 85,78 73,42 76,28 43,18
median 97,41 89,48 93,72 68,92
75% percentile 111,8 105 110,1 89,93

stocking that does not belong to a defined compression class. The pressure profile is based on providing
a higher compression pressure over the calf than in the area of the ankle and the in vivo results show
a mean pressure value of 17,4 mmHg at level B1 and an increased pressure profile by 20%—-50% on
level C. The interface pressure under dynamic conditions showed variations of 5-10 mmHg and agrees
with reported variations of the pressure during exercise of up to 15 mmHg by other authors [1]. Only
by creating reproducible pressure profiles the results for EF and VFI can be evaluated and interpreted
correctly. So based on these pressure values we could show a significant increase of EF and a decrease

* The heading of Table 2 was changed after publication


wk103430

 *

* The heading of Table 2 was changed after publication


182 H. Riebe et al. / Interface pressure and venous drainage of two compression stocking types

of VFI by wearing both types of compression stockings. These results represent the functionality of both
stocking types looking at the venous drainage from distal to proximal, the concurrent decrease of the
venous reflux and a reduction of the leg volume. By increasing the ejection fraction the GECS showed a
slight superiority compared to the PECS (p <0,05). This fact is divergent to the results of other research
groups like Mosti et al. [7]. Possible influences causing the different values could be the positioning
of the measuring probe (we used the middle of the foot), the variability in performing the walking
exercises or the selection of the patient groups (we used CEAP C3 =27 subjects, C4 =5 subjects). For the
interpretation of the EF values >100% some physiological aspects must be considered, which may occur
during the examination procedure of the strain gauge plethysmography. Despite of the elevation of the
legs the arterial inflow is maintained and additionally the arteriovenous precapillary sphincters open. In
consequence leg elevation leads to an increased blood flow into the leg [6]. While standing the opposite
occurs, the arteriovenous sphincters close and the arterial inflow into the foot and especially into the skin
is reduced perceptibly (in the skin by 90%). Because of the pronounced reduction of the venous reservoir
and the venous capacitance by using compression stockings, in standing position an insufficient filling
of the venous reservoir occurs. During the subsequent movement (tip toes) the arterial inflow increases
again, especially into the calf muscles and the muscles of the foot. At the same time a venous suction
could arise from the calf muscles and leads to an increased removal of the blood pool out of the foot
(from distal to proximal) expressed as a lumen reduction of the foot during the tip toe movement. As a
result,a further increase of the EF with values >100% during movement may occur. The interaction of
these factors should be taken into account for the interpretation of our results.

For practical implementation, our results demonstrate that the digressive pressure profile of graduated
elastic stockings is effective and the application of GECS remain an important element in the standard
therapy of CVI. However, the PECS also can find their special use in the therapy of venous disturbances,
because they also increase the EF despite an offsetting pressure profile. Especially with regard to the
wearing comfort, the PECS have distinct and significant advantages and our results are consistent with
the statements of other reports [3, 7]. Despite of tending to slip towards the foot more often, our results
demonstrate that PECS are easier to'don and show less strangling and tightness of the leg compared to
the GECS (p <0,001). Coupled with the good results in the effectiveness of venous drainage, the better
wearing comfort of the PECS could be a great advantage in terms of the expected patient compliance.
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Advantages and disadvantages of
graduated and inverse graduated
compression hosiery in patients with
chronic venous insufficiency and healthy
volunteers: A prospective, mono-centric,
blinded, open randomised, controlled
and cross-over trial

Helene Riebe, Wolfgang Konschake, Hermann Haase
and Michael Jiinger

Abstract

Background: The therapeutic effectiveness of compression therapy depends on the selection of compression hosiery.
Obijectives: To assess efficacy and tolerability of graduated elastic compression stockings (GECS) and inverse graduated
elastic compression stockings (PECS).

Methods: Thirty-two healthy volunteers and thirty-two patients with chronic venous insufficiency were analysed; wear
period: one week for each stocking type (randomised, blinded). Primary outcome: volume reduction of ‘Lower leg’
(Image3D®) and ‘Distal leg and foot’ (water plethysmography). Secondary outcomes: clinical symptoms of chronic venous
insufficiency assessed by the Venous Clinical Severity Score, side effects and wear comfort in both groups.

Results: Volume of ‘Lower leg” significant reduction in healthy volunteers (mean GECS: —37.5mL, mean PECS:
—37.2mL) and in patients (mean GECS: —55.6 mL, mean PECS: —4|.6 mL). Volume of ‘Distal lower leg and foot’
significant reduction in healthy volunteers (mean GECS: —27 mL, mean PECS: —16.7 mL), significant reduction in patients
by GECS (mean: —43.4mL), but non-significant reduction by PECS (mean: —22.6 mL). Clinical symptoms of chronic
venous insufficiency were improved significantly better with GECS than with PECS, p < 0.001. GECS led to more painful
constrictions, p =0.047, PECS slipped down more often, p <0.001.

Conclusion: GECS and PECS reduce volume of the segment ‘Lower leg’ in patients and healthy volunteers. Patients’
volume of the ‘Distal lower leg and foot’, however, were diminished significantly only by GECS (p =0.0001). Patients’
complaints were improved by both GECS and PECS, and GECS were superior to PECS.

Keywords
Chronic venous insufficiency, graduated elastic compression stockings, inverse graduated elastic compression stockings,
volume reduction, quality of life

Introduction

Compression therapy with compression stockings is

well established in the prevention and management of
chronic venous insufficiency (CVI).! Theories on the
cause of primary varicose veins range from initial struc-
tural weakness within the vein wall, which leads to vein
dilation, to valve incompetence and to pooling of the
blood.?> Venous reflux results in hypervolemia and
hypertension of the veins particularly of the lower leg
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and foot and of skin capillaries of the toe.> Leading
indications for compression therapy are oedema, hyper-
pigmentation and ulcer.®” The clinical efficacy, how-
ever, depends on patients’ adherence in terms of
regular wear of prescribed compression materials.
Several examinations have shown that compression
stockings are often worn irregularly due to inaccurate
fit and intolerances such as sweating or itching.®’
Therefore, a good wear comfort is a precondition for
therapeutic clinical effects in compression therapy.
According to guidelines, graduated elastic compression
stockings (GECS) with a decreasing pressure gradient
from distal to proximal are prescribed.'® This gradu-
ated pressure drop results in an increase in venous
drainage with reduction of symptoms like leg oedema
and trophic skin changes.'""'* Another option is the use
of so-called progressive elastic compression stockings
(PECS), an inverse graduated compression type based
on a pressure rise from ankle up to the midst of
the lower leg to provide a higher interface pressure
over the calf than at the ankle.'>'* The primary aim
of this controlled trial was to assess the oedema reduc-
tion by GECS and PECS in comparison. As PECS
exert its highest interface pressure at the midst of the
lower leg, theoretically the inverse pressure gradient of
PECS could induce venous congestion of the distal seg-
ment of the lower leg and of the foot. Therefore, two
volume measurement methods were chosen here in
order to differentiate effects to the volume of the seg-
ment ‘Distal lower leg and foot” (midst of lower leg to
the toes) from those to the volume of the segment
‘Lower leg’ (knee to the ankle). The impact of both
compression types to the specific venous symptoms in
patients with CVI was assessed by the Venous Clinical
Severity Score (VCSS). Additionally, side effects and
wear comfort in both patients with CVI and in healthy
volunteers were documented.

Materials and methods
Study design

Both healthy volunteers and patients suffering from
CVI were included into the cross-over study, and
thus, the trial participants were divided into two inves-
tigation groups. The primary outcome was the volume
reduction achieved by the two stocking types in the two
investigation groups. The lower leg was divided into
two measurement segments: ‘Lower leg’ (knee to
ankle) and ‘Distal lower leg and foot” (midst of lower
leg to the toes). Secondary outcomes were the assess-
ment of clinical symptoms by means of VCSS for
patients with CVI and the evaluation of side effects
and wear comfort in both investigation groups. A pro-
spective, open randomised, double-blind, cross-over

trial with a test period for three weeks was performed.
The study was conducted at the Department of
Dermatology at the University of Greifswald, and an
approval of the local ethics committee was given
(internal registration number: BB 079/13) according
to the principles of the Declaration of Helsinki. No
changes after trial commencement were made with
regard to course of the study and the use of compres-
sion hosiery.

Participants

All eligible participants were adults aged > 18 with
unrestricted mobility, and they all were enrolled by
the same investigator. Patients were included into
patients’ cohort if they suffered from CVI in clinical
stages CEAP C;—C4 according to the inclusion criteria
of the CEAP classification system.'® Disturbed venous
hemodynamic of great and/or small saphenous veins
were defined with venous reflux time>1s during
Valsalva, respectively, manual compression/decompres-
sion manocuvre. In healthy volunteers, a physiological
venous blood flow was demanded. Patients with proven
reflux were enrolled from the Clinic of Dermatology in
Greifswald. Healthy subjects in the population of
Greifswald were collected by a notice. The exclusion
criteria are given in Table 1.

Measurement of interface pressure

The interface pressure was measured by employees of
the vascular lab in the clinic of Dermatology, trained
and familiar with the technique. Two specific air-filled
sensors (Picopress®, Microlab Elettronica, Italy) were
placed 12cm proximal to the inner ankle (B1) and at
the maximal calf circumference (C). The interface pres-
sure was measured and continuously recorded while the
subject was in standing position (Figure 1).

Volumetric measurements

Volume changes of the lower leg and foot were exam-
ined by two methods in order to differentiate volume
effects to the segment ‘Lower leg’ from those to the

Table |. Exclusion criteria for both investigation groups.

Diseases that are associated with a tendency to oedema
Medication with possible influence to leg oedema
Diabetes mellitus

Uncompensated heart failure

Peripheral arterial occlusion disease with ABI <0.8
Cerebrovascular diseases

Non-compliance
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Figure 1. Interface pressure and volumetric measurements.
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Figure 2. Measuring volume with the Image3D® system.
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Figure 3. Measuring volume with water plethysmography.

segment ‘Distal lower leg and foot’. Measurements
were carried out by trained employees. The volume of
the segment ‘Lower leg’ was measured with Image3D®
(Figure 2), the volume of the distal segment ‘Distal
lower leg and foot” by means of water plethysmography
(Figures 1 and 3).

Volume measurement of the segment ‘Lower leg’.
Quantifying the volume from the knee to the ankle the
Image3D® system (Bauerfeind AG, Zeulenroda) was
used. During the measurement, the subject wore special
coloured stockings (interface pressure 5SmmHg) with a
design of grid lines for the accurate reproduction of the
leg contours. While turning on a rotary table, the subject
held onto a frame construction, and 10 digital photos at
defined points were taken from the subject. The photos
were transmitted to a scan software, and using the grid
lines on the special stockings, a 3D reconstruction with
information about circumference, length and volume
data was calculated'®!” (Figure 4).

Volume measurement of the segment Distal lower leg and
foot’. The water plethysmography was used to deter-
mine the volume of the foot up to the mid-calf (28 cm
above the sole of the foot).'® The method works by
water displacement and operates on the principle of
Archimedes. Therefore, the subject’s leg is placed in a
container filled with water of 30°C. To register the
volume changes caused just by the water itself, the max-
imum variation of the water temperature was +2°C.
When inserting the leg into the container, the displaced
water runs into a graduated measurement vessel. To
determine the weight of the displaced water, the mea-
suring system was gauged by weighing the measuring

vessel itself. The volume of the displaced water then
was detected by measuring and weighing the vessel
with the displaced water assuming that 1L of water
weighs 1kg.

Assessment of clinical symptoms (VCSS)

The evaluation of severity and course of the disease in
patients with CVI took place by using the VCSS.'®!” The
score was completed at the beginning and in the end of
the wearing period of each stocking type. Depending on
the medical conditions of the subject, the score ranged
from 0 to 3 per question (0 =none, 1 =mild, 2 =moder-
ate, 3=severe) (Table 2). For the data analysis, changes
in the VCSS before and after the wearing period of each
compression type were considered.

Assessment of side effects and wear comfort

To evaluate various comfort categories, an expedient
questionnaire was used. The aim of the questionnaire
was to depict side effects while wearing both compression
hosiery and to detect differences in the wear comfort.
Therefore, different items according to predetermined cri-
teria were offered. Questions about slipping of the stock-
ings and strenuous donning should complete the overall
opinion about both compression hosiery (Table 3). The
questionnaire was handed out directly after the subject
completed the wear period of each stocking.

Protocol and procedure

All visits were performed by the same investigator and
took place in the afternoon, with each participant
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Figure 4. 3D reconstruction of the leg with the Image3D® system.

individually at the same day time, the left leg was mea-
sured. A wear period of seven days for each stocking
type was defined. The stocking was worn at least 8 h/
day, documented in a diary, not during the night.
A one-week break without compression treatment was
interposed between the two trial periods to ensure
that the effects achieved by the first stocking did not
influence the second trial period (Figure 5).

Baseline visit: inclusion and exclusion criteria were
checked by medical history, clinical examination and
duplex sonography. Measurements for the adjustment
of the compression stockings were performed by means
of Image3D® system.

Visit 1: All subjects lay down on a lounger for
10 min; thus, a coherent time for an even baseline is

maintained. After acclimatisation, they put on special
grid line stockings for measurement while the
Image3D® system was booted, and the container for
the water displacement was filled. Subjects then were
asked to enter the platform of the Image3D® measuring
system and stand still while the testing was in process.
Rotation on the platform lasted 20 s for every recording
so results are comparable, and a constant time for pos-
sible fluid shifts is kept. After the end of Image3D®
volume measurement, the water plethysmographic
volume measurement started without delay, with the
participant in standing position.

Each participant received a first pair of compression
stockings (A or B) based on a computer-generated ran-
domisation list performed by an independent
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Table 2. Venous Clinical Severity Score (VCSS).2?

Attribute Absent =0 Mild=1 Moderate =2 Severe =3

Pain None Occasional, not Daily, moderate activity Daily, severe limiting
restricting activity limitation, occasional activities or requiring
or requiring analgesics regular use of
analgesics analgesics

Varicose veins® None Few, scattered: Multiple: GS varicose Extensive: Thigh and calf
branch VVs veins confined to calf or GS and LS

or thigh distribution
Venous oedema® None Evening ankle oedema Afternoon oedema, Morning oedema above

only

Skin pigmentation® None or focal,

low intensity area and old
(tan) (brown)
Inflammation None Mild cellulitis, limited
to marginal area
around ulcer
Induration None Focal, circummalleo-
lar (<5cm)
No. of active ulcers 0 |
Active ulceration, None <3 months
duration®
Active ulceration, size None <2 cm diameter

Not used or not
compliant

Compressive therapy®
stockings

Diffuse, but limited in

Intermittent use of

above ankle

Diffuse over most of
gaiter distribution
(lower 1/3) or recent
pigmentation (purple)

Moderate cellulitis,
involves most of gaiter
area (lower 1/3)

Medial or lateral, less
than lower third of leg

2

>3 months, <| year

2- to 6-cm diameter
Wears elastic stockings

ankle and requiring
activity change,
elevation

Wider distribution (above
lower 1/3) and recent
pigmentation

Severe cellulitis (lower 1/3
and above) or signifi-
cant venous eczema

Entire lower third of leg
or more

>2

>| year

>6 cm diameter

Full compliance: stockings

most days + elevation

Score range: 0-30.

*Varicose veins must be 4 mm diameter to qualify so that differentiation is ensured between CI| and C2 venous pathology.
®Presumes venous origin by characteristics (e.g. brawny [not pitting or spongy] oedema), with significant effect of standing/limb elevation and/or other
clinical evidence of venous ethology (i.e. varicose veins, history of DVT). Oedema must be regular finding (e.g. daily occurrence). Occasional or mild

oedema does not qualify.
“Focal pigmentation over varicose veins does not qualify.
9Largest dimension/diameter of largest ulcer.

¢Sliding scale to adjust for background differences in use of compression therapy.

Table 3. List of questionnaire items for the assessment of com-
fort; four specified answer options for every item (0 = not present,
| =low present, 2 =moderate present, 3 = highly present).

Items to ask for side effects

Skin dryness

Sweating

Itching

Items to describe wearing comfort

Cold sensations

Tingling

Feeling of warmth

Burning sensations
Restrictions on movement
Tightness

Constrictions

Slipping down

Strenuous donning

statistician. For randomisation, the free software
‘RStudio’ with its r-package blockrand (RStudio Inc.,
Boston, USA) was used. GECS and PECS resembled
each other in appearance. The stockings were handed
out to the study participants by a person, who was not
involved into examination and evaluation; thus, every
practical precaution was taken to perform the trial
double-blinded. Every participant put on the stocking,
and interface pressure was measured independently by
a person not being involved in the other measuring
routine. VCSS was determined in patients with CVI.

Visit 7: The procedure of volume measurements was
similar to visit 1. All study participants filled out the
questionnaire for wear comfort and side effects, and
VCSS was calculated in patients with CVI.

Visit 14: The procedure of volume measurements
was similar to visit 1. The second pair of stockings
was distributed to the participants, and interface
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66 subjects enrolled and measured for accurate
stockings, inclution and exclution criteria were

checked, informed consent was given

2 subjects were excluded due to

y

-

non-compliance

cohorts

64 subjects assigned for treatment
with the two different stockings
and randomized on different

1

32 healthy volunteers 32 patients with CVI

-
8 1oheatthy 16 beshtty 16 patients 16 patients
2 | volunteers wore | | volunteers wore GECS wore PECS
g GECS PECS wore o€
o ] ] ]
8
= break
2
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stocking
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64 subjects completed the study

Figure 5. Consort diagram.

CVI: chronic venous insufficiency; GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.

pressured was measured. VCSS in all patients with CVI
was calculated.

Visit 21: The procedure was similar to visit 7.

Compression materials

In a randomised order, two different types of knee-
length elastic compression stockings were tested
(Bauerfeind, Zeulenroda, Germany). Stocking type A:
graduated elastic compression stocking (GECS), RAL

Table 4. In vitro values for the interface pressure of GECS and
PECS.

B point C point
GECS 23-32 mmHg 50%-80% of the pressure
profile of B point
PECS I5-20 mmHg 120%—150% of the pres-

sure profile of B point

GECS: graduated elastic compression stockings; PECS: progressive elastic
compression stockings.
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(Reichs-Ausschuss  fiir  Lieferbedingungen, Sankt
Augustin, Germany) tested, Compression class II —
23-32mmHg, maximal interface pressure exerted at
area of the ankle (defined as B point) with a declining
pressure from distal to proximal. Stocking type B:
PECS, maximal interface pressure (23-32mmHg)
exerted over the maximal calf circumference (defined
as C point) (Table 4).

Data analysis and statistics

Calculation of the number needed to recruit for each
cohort was based on the confidence data from the study
of Mosti and Partsch.’® For an alpha value (signifi-
cance level) of 5% and a power of 80%, a cohort size
of n=32 was calculated. Volume values (Image3D®
and water plethysmography) were expressed using
absolute values in mL and percentage change
(Volume reductions = negative values; increase in vol-
ume = positive values). The mean value as well as the
standard deviation were calculated for all volume
changes. Significant influence of the two stockings on
the subject’s leg volume and significant volume effects
of both stockings in the two cohorts were calculated
with the paired t-test. Differences in the volumetric
data between the two cohorts itself were tested by an
analysis of variance. Results of the wear comfort ques-
tionnaire (both cohorts) and the changes of the VCSS
(patients group) were illustrated by calculations of
mean and median values. Testing for significant
changes was carried out by using the Fisher’s exact
test. P <0.05 was chosen to be statistically significant
for all tests and comparisons.

Table 5. Study subjects.

Subjects
n==64
Sex
Male 19 (30%)
Female 45 (70%)
Age in healthy volunteers
Median 26
Median range years 21-50
Age in patients with CVI
Median 49.5
Median range years 23-8I
CVl in patients
CEAP C3 27 (84%)
CEAP C4 5 (16%)

CVI: chronic venous insufficiency.

Results
Patient disposition and demographic

Thirty-three patients with CVI and 33 healthy volun-
teers were enrolled between November 2013 and
February 2014 to this trial. Two subjects were excluded
before starting the wear period due to incompliance. In
consequence, a total of 45 female and 19 male subjects
(n=64) were included (Table 5), and all of them fin-
ished the clinical trial (Figure 5). Especially in the
patients group, more female subjects were recruited
(group of healthy subjects: 13 male and 19 female,
group of patients: 6 male and 26 female).

Measurement of interface pressure

The in vivo results of interface pressure are shown
in Table 6, and the two stocking types GECS and
PECS were confirmed to conform to manufacturer
specifications.

Volume of lower leg

Both GECS and PECS diminished the volume of the
lower leg. There was equal significant volume reduction
in healthy volunteers (mean GECS: —37.5mL, —1.5%;
mean PECS: —37.2mL, —1.5%) and in patients with
CVI (mean GECS: —55.6mL, —2.0%; mean PECS:
—41.6mL, —1.5%) (Tables 7 and 8). Between the
volume reductions achieved by GECS and PECS,
there was no significant difference (Figure 6).

Volume of distal lower leg and foot

Volume of distal lower leg and foot was reduced signifi-
cantly in healthy volunteers wearing GECS (mean:
—27mL, —1.39%). PECS showed a less pronounced
volume reduction compared to GECS (mean:
—16.7mL, —0.86%), n.s. Patients’ distal lower leg and
foot volume were diminished significantly only with
GECS (mean: —43.4mL, —1.99%, p=0.0001). By
means of PECS, however, the reduction of patients’

Table 6. In vivo measuring results of the interface pressure
with GECS and PECS.

GECS PECS

Level BI Level C Level BI Level C
25% percentile 25.8 18.0 15.0 22.0
Median 27.0 19.5 18.0 25.0
75% percentile  30.0 21.0 20.0 28.0

GECS: graduated elastic compression stocking; PECS: progressive elastic
compression stocking.
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Table 7. Volume change achieved by GECS and PECS in patients with CVI.

Volume change of distal lower leg and foot

Volume change of lower leg

GECS (n=32) PECS (n=32) GECS (n=32) PECS (n=32)
95% confidence interval (mL) —62.30 to —24.57 —48.96 to 3.78 —89.20 to —22.05 —73.81 to —9.31
Mean (mL) —43.44 —22.59 —55.63 —41.56
Standard deviation (mL) 52.33 73.14 93.12 89.45

GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.

Table 8. Volume change achieved by GECS and PECS in healthy volunteers.

Volume change of distal lower leg and foot

Volume change of lower leg

GECS (n=32) PECS (n=32) GECS (n=32) PECS (n=32)
95% confidence interval (mL) —47.80 to —6.20 —27.97 to —5.47 —70.05 to —4.96 —61.28 to —13.09
Mean (mL) —27.00 —16.72 —37.50 -37.19
Standard deviation (mL) 57.69 31.20 90.27 66.83
GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.
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Figure 6. Volume change of the lower leg (95%-Cl) achieved by GECS and PECS in healthy volunteers and patients with CVI.
Each reduction was significant, p < 0.05 with equal change in each cohort (n.s.).
GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.

distal lower leg and foot volume did not reach the level of
significance (mean: —22.6 mL, —0.94%, n.s.) (Table 7).
Between the volume reductions achieved by GECS and
PECS, there was no significant difference (Figure 7).

Clinical symptoms

The items ‘oedema’, ‘inflammation’ and ‘pain’ dimin-
ished during the one-week compression period signifi-
cantly. Mean baseline score per subject for both
stockings was 4.2; final score for GECS: 3.2 and final

score for PECS: 3.9. The overall VCSS score decreased
by —1.0 when GECS were worn and by —0.3 when PECS
were worn. Both stocking types were clinically effective
likewise, GECS more than PECS, p <0.001 (Figure 8).

Side effects and wear comfort

Compression therapy both by means of GECS and
PECS was accompanied by undesired events likewise:
sweating: GECS=139.1%, PECS=37.5%, p=1000.
Equal evaluation of itching (GECS=45.3%,
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Figure 7. Volume change of the distal lower leg and foot (95%-Cl) by GECS and PECS measured with water displacement. Only
PECS in the patient cohort did not change significantly. Equal reductions in each cohort (n.s.).
GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.
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Figure 8. Comparison of the Venous Clinical Severity Score with GECS and PECS, maximum score: 24. Mean score of GECS and
PECS without stocking was 4.2. Significant reduction with GECS (—1.0) to 3.2 and with PECS (—0.3) to 3.9. Reduction of GECS was

significant compared to PECS.

GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.

PECS =43.8%, p=1000) and skin dryness (GECS=
70.3%, PECS=64.1%, p=0.573) (Figure 9).
Regarding the scale from 0 (not present) to 3 (highly
present), the severity of the complaints was only in the
lower part of the scale.

With regard to tightness (GECS: 70.3%; PECS:
40.6%, p=0.0001) and tingling of the skin (GECS:
32.8%; PECS: 15.6%, p=0.038), PECS performed
better than GECS (Figure 9). GECS caused more fre-
quently constrictions mostly in the dorsal ankle joint
area, particularly painful (p=0.047). Compared to
PECS, the GECS were characterised by a significant
higher difficulty in donning (‘strenuous donning’
GECS: 89.1%; PECS: 50.0%), PECS, however, slipped

down more often (GECS: 25.0%; PECS: 81.3%)
(Figure 10).

Discussion

The primary outcome dealt with the topic whether
PECS are equivalent to GECS with regard to the effi-
cacy in volume reduction of the lower limb to enhance
clinical leg oedema, for example, as part of the treat-
ment of priority symptoms of CVI. Volume change was
chosen as the primary outcome in this study, because
the principle of an inverse pressure gradient, here rep-
resented by PECS with its highest interface pressure at
midst of lower limb, implies the potential risk of venous
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Figure 9. Side effects accompanied by GECS and PECS. Significant more painful constrictions were experienced with GECS. Similar
appearance of itching, sweating and skin dryness with both stockings (n.s.).
GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.
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Figure 10. Frequency of ‘slipping down’ and ‘strenuous donning’ experienced with GECS and PECS. Slipping occurred more often

with PECS.

GECS: graduated elastic compression stockings; PECS: progressive elastic compression stockings.

congestion distal to the site of maximal interface pres-
sure. Therefore, the focus was a differentiated presen-
tation of volume changes in the ‘Lower leg’ and in the
‘Distal lower leg and foot’. The results of the segment
‘Lower leg’ indicate that there is no significant differ-
ence in the ability of volume reduction between both
stocking types. A similar significant effect of GECS and
PECS both in patients and in healthy subjects could be
demonstrated. A reason for the effects of PECS could
be provided by the investigation group of G. Mosti,
who explained that this progressive pressure system is
based on supplying a higher interface pressure over the
calf than in the area of the ankle, because the highest

amount of blood pool is located in the middle-calf area
and a higher pressure over the calf might reduce venous
pooling capacity.”® A volume reduction of the lower leg
in healthy volunteers is also possible because of inter-
mittently occurring leg oedema caused by a gravity
induced extravasation of fluid and a consecutive fluid
overload of the leg tissues in individuals without any
venous disorders.?"** For healthy volunteers who suffer
from occupational leg oedema, other investigation
groups have demonstrated a significantly higher reduc-
tion of the PECS compared to GECS and a compres-
sion therapy can also mitigate such nonspecific leg
symptoms.'*?*?* Patients’ distal lower leg and foot,
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however, did not benefit from PECS as good as from
GECS, their volume reduction did not reach the level of
significance on contrary to GECS. The volume change
of the segment ‘Distal lower leg and foot’ indicates that
in patients the risk of blood congestion distal to the
midst of lower leg has to be taken into account, when
PECS are used. At the distal lower leg and foot, patients’
oedema was significantly reduced only by means of
GECS and it remains open, whether patients with
oedema due to CVI will benefit from a compression
stocking type with inverse pressure gradient like PECS.

As secondary outcomes, the alteration on clinical
symptoms and the assessment of side effects and wear
comfort were defined, because these parameters are
important aspects for a sufficient long-term therapy.
Regarding the influence of both stocking types on the
clinical symptoms of the CVI, measured by the VCSS,
the GECS proved to be more efficient compared to the
PECS. Both GECS and PECS led to a significant
reduction of the VCSS, but GECS reduced clinical
symptoms of patients with CVI significantly more
than the PECS. This result correlates well with the sig-
nificant volume reduction the GECS induced in both
investigation segments.

Patients’ adherence and the therapeutic efficacy of a
compression therapy are likely to be affected by side
effects. Ziaja et al.*® evaluated the non-compliance
in patients with venous disorders wearing graduated
compression stockings, and even in the advanced
stages of CVI, they revealed a fraction of 21.6% that
denied the recommendations for compression therapy.
Other investigations by Raju et al.” showed a remark-
ably low percentage of patients use their compression
stockings every day (21%). In this trial, the selectable
severity levels of side effects (0 =not present, 1 =low
present, 2 =moderate present, 3 = highly present) indi-
cate that all side effects were in the low range. In
terms of expected effects like sweating, itching and
skin dryness the differences between both compression
stockings were not significant. The lower interface pres-
sure of PECS compared to GECS at foot and ankle
rendered possible a better wear comfort, significant
less frequent side effects like tightness and tingling
were occurred. PECS apparently buckled less than
GECS in the dorsal flexure of the ankle. The inverse
pressure gradient of PECS implies larger diameters of
the distal stocking points which facilitate the donning
remarkably. This better ranking of PECS in the assess-
ment of comfort agrees with statements of previous
trials.'*** These previous trials have already shown
that PECS are easier to put on, due to an in vivo mea-
sured lower pressure in the ankle area and this results in
a positive impact on compliance in patients with mild
CVI. Only in terms of ‘slipping down’, PECS showed a
significant occurrence compared to GECS.'#2%-2¢

Limitations

The comparability of our results with those of other
investigation groups like Mosti et al. is limited because
of the distinct used compression hosiery with their non-
identical manufacturing (Bauerfeind, Germany; Pierre
Fabre, France) and the use of different measurement
systems.?’ Also the population and selection bias has
to be taken into account when analysing the results of
the 64 subjects. Further the male/female ratio (19 male:
45 female) in this study has to be considered, as well as
different activities of daily living in subjects and asso-
ciated fluid shifts. The questionnaire to evaluate wear
comfort was not validated. Therefore, changes and
results on this are not necessarily significant.

Conclusion

GECS are effective concerning a significant volume
reduction of lower limbs both in patients with CVI
and in healthy volunteers. With regard to relief of clin-
ical symptoms, GECS were more efficient than PECS.
But the disadvantage is an inferior wearing comfort
compared to PECS and the occurrence of significant
side effects such as painful constrictions. PECS seem
to be an alternative in the therapy of venous disturb-
ances. Apart from the significant complaint ‘slipping
down’, the benefit of these stockings results from an
improved wear comfort compared to the GECS.
Therefore, PECS could be of advantage particularly
for patients with mild CVI and for patients with
reduced muscular strength, impaired mobility of
joints and for healthy subjects with a risk profile for
the development of leg oedema.
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Abstract.

BACKGROUND: Below knee two-component compression stockings (AD) have revealed as effective for compression
treatment of venous leg ulcers. Upto groin, thigh length stocking (AG) may enhance clinical effects, however wear comfort
of these stocking may be affected.

OBJECTIVE: venous haemodynamic in relation to the length of compression stockings.

METHODS: A two-component AD stocking (37 mmHg) and two thigh length stockings (AG 37, with an interface pressure
of 37 mmHg; AG 45, with an interface pressure of 45 mmHg) were tested by 16 patients with CVI. Leg volume changes and
venous ejection fraction and venous filling index were measured, whilst quality of life and wear comfort were surveyed by
questionnaires.

RESULTS: Volume of both the lower limb and the thigh was reduced by AG stockings, whereas AD stockings reduced only
the volume of the lower limb and increased thigh volume. Venous hemodynamic, ejection fraction and filling index were
improved by AG and AD stockings, AG, however, was superior to AD. Quality of life and comfort of the stockings was
assessed as good for AG 37 mmHg, AG 45 mmHg and AD 37 mmHg.

CONCLUSIONS: Thigh length two component stockings (AG) were shown to be superior to below knee stocking (AD)
with regard to volume reduction and venous hemodynamic, yet wear comfort was not impaired. These results imply that
healing of trophic skin changes e.g. ulcers will be faster when thigh length two component stocking will be worn.

Keywords: Chronic venous insufficiency, compression stocking, two-component compression stocking, thigh length
compression stocking, below knee compression stocking, venous ejection fraction, venous filling index, leg volume

1. Introduction

The use of medical compression has a long history, is effective and the only conservative targeted
therapy for the treatment of chronic venous insufficiency (CVI). This disease is characterized by a
damage of venous valves, which leads to hypertension in leg veins and dermal capillaries of the foot
[7]. Different leg related symptoms, such as discomfort, pain or heavy legs, are often stated by the
patients and are of relevance for treatment [4]. Further multiple secondary disorders associated with
the increased capillary pressure and microvascular damage can be described, such as oedema and skin
changes [3]. An ulceration of the leg can occur at the final stage and as the most severe manifestation.
The frequency of venous leg ulcers, however, has decreased down to 0.7% [13]. Severe stages of CVI
are avoided by improved care: surgical or chemical ablation of insufficient leg veins and consequent use
of compression hosiery to abolish venous and capillary hypervolemia and hypertension. Compression
counteracts venous stasis through improved vascular flow rate by minimizing the daimeter of the
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veins. Successful application of compression in the treatment of venous ulcerations are reported [12].
Depending on the clinical stage, different versions of a compression stocking can be selected. Two-
component compression stockings have shown to be effective for the healing of venous leg ulcers [1].

The interface pressure of a medical compression stocking determines the pressure that is exerted on
the leg. Moreover, the length of the stocking can be altered to treat different stages of CVI. However
this may affect the wear comfort of the stocking [5]. As the improvement of haemodynamics and
the clinical efficiency of a two-component below knee stocking has already been shown [8], the
clinical efficacy with regard to edema reduction and effects to venous hemodynamics of a thigh length
compression stocking should be elucidated here. Therefor this study is conducted to compare the
effect on haemodynamics, wear comfort and clinical efficacy of three different compression stockings
in patients with CVI.

2. Material and methods

2.1. Study design

Each of the three compression stockings, AG 37 mmHg, AG 45 mmHg, AD 37 mmHg, was worn
for one week, eight hours per day. Between these three wear periods, one week long lasting breaks
without compression therapy were interposed. The first stocking is randomly assigned, followed by
a screening that included anamneses, clinical examination, duplex ultrasound, checking of inclusion-
and exclusion criteria (Table 1). Leg volume measurements occurred at the beginning and the end of
the consecutive compression treatment periods. Venous hemodynamics without and with compression
hosiery were measured at the beginning of the treatment periods. Quality of life and comfort of the
stockings were investigated by questionnaires at the end of each compression treatment period (Fig. 1).
The randomised controlled trial was approved by the Ethical Committee. The paper was written in
accordance with the ethical guidelines of Clinical Hemorheology and Microcirculation [2].

2.2. Patients

Patients were asked for comorbidities, medication, occupational leg oedema, thrombosis, phlebitis,
hereditary dispositions, subjective complaints, phlebological treatments and the use of already present
compression therapy. Clinical examination included inspection for corona phlebectatica paraplantaris
and trophic skin changes due to CVI like atrophy blanche, hyperpigmentation, induration. Peripheral
arterial occlusive disease was excluded by a crurobrachial index >0.8. In addition an orientating status

Table 1
Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

CEAP: C3-C6 Peripheral arterial occlusive disease (PAOD)

Age: 18-85 years Heart failure with dyspnea NYHA 4

Reflux and incompetence Medication with influence to edema (e.g. Diuretics)
in the great or small saphenous veins Non-compliance of the subject

Limited mobility in the ankle joint (less the 5° of the Neutral Position)
Comorbidities that influence the result of the study,

especially diseases leading to increased edema
Anamnestic indication for a liver or kidney disease
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Fig. 1. Flow chart illustrating randomization and course of the study.

was documented to exclude other neurological, cardiac and orthopaedic diseases. By means of duplex
ultrasound venous reflux of intra-, trans- and extrafascial leg veins were documented.

2.3. Compression materials

Three two-component stockings (Bauerfeind AG, Zeulenroda, Germany) consisting of an inner
liner and an outer stocking, which are worn one on top of the other. Both components are worn
during daytime, the inner liner also during the night. The following three two-component compression
stockings were used in the trial:

e Below knee two-component stocking (AD, Venotrain® ulcertec, Bauerfeind, Zeulenroda,

Germany): liner (AD), 12 mmHg und outer stocking (AD) 25 mmHg, total interface pressure
37 mmHg
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e Two-component AG stocking 45 (upto groin): AG liner stocking 20 mmHg und AD outer stocking
25 mmHg, total interface pressure 45 mmHg

e Two-component AG stocking 37 (upto groin): AG liner stocking 12 mmHg und AD outer stocking
25 mmHg, total interface pressure 37 mmHg

2.4. Volume

Measurement of the volume of the lower and upper leg took place with BODYTRONIC® 600
(Bauerfeind AG, Zeulenroda). It is a non-contact system with a rotating turntable that forms a virtual
3D model of the leg via projected beams of light that form a grid and are captured with a camera.

2.5. Plethysmography

Mercury strain gauge plethysmography was used to evaluate the effect of the stocking on the haemo-
dynamic of the leg. Therefor a measuring routine described by Christopoulos et al. [6] and repeated by
Riebe et al. [17] was followed to obtain the Ejection Fraction EF as a measure of the calf muscle pump
and VFI to quantify the venous reflux. The system measures percental volume changes by calibrating
the distension of the strain gauges, which are placed around the foot during testing.

2.6. Wear comfort and quality of life

Quality of life was measured using the TLQ-CVI [9]. Itis acomprehensive questionnaire that contains
a variety of aspects and items relevant to patients suffering from CVI. It is also a powerful measure
to monitor compression therapy during a study. Adverse effects and wear comfort of the different
stockings were recorded using a self-developed questionnaire. Donning of the stocking was evaluated
(qualities: reasonable, high, too high) and difficulties in donning were logged (qualities: yes/no). Further
a variety of complaints were obtained (qualities: 0 = not present, 1 =low present, 2 = moderate present,
3 =highly present) - cold sensations, tingling, itching, warmth, sweating, burning, pain, restrictions of
movement, tightness, constrictions.

2.7. Data analysis and statics

Mean and median values including standard deviation and interquartile range were calculated. Box-
plots were used to visualize volume changes and hemodynamic parameters. Line diagrams were chosen
to illustrate the results of the questionnaires. A significance level of p <0.05 was determined to show
high significance. The Fisher’s exact test and the Kruskal test were used for data analysis. All statistics
were calculated with the free statistic software “R”.

3. Results

Nineteen subjects were recruited to the study. An overall number of three was excluded due to
noncompliance and on behalf of the patient. A whole of twelve female and four male subjects finished
the study according to protocol. An oedema was seen in most of the patients (CEAP: C3=13;C5=1;
C6=2). Mean age was 48, with the female participants being younger than the male (Fig. 2).

The below knew stocking (AD) induced a non-significant volume increase of the thigh (mean:
+0.062 1). On contrary thigh volume was reduced by both thigh length AG stockings (Table 2). Volume
reduction was most pronounced by AG37 (mean: —0.055 1, p <0.10 compared to AD) (Fig. 3). The
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Fig. 2. Age distribution by gender.
Table 2
Volume change (in 1) of the upper leg by compression!
Stocking mean sd median IQR p-value
AD 0.062 0.201 0.01 0.120 0.874
AG37 —-0.055 0.091 -0.04 0.105 0.018
AG45 -0.035 0.134 -0.08 0.125 0.162

'"Volume reduction by the AG37 was significant compared to the volume increase by the AD, p<0.1.
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Fig. 3. Volume change (1) of the upper leg. Significant volume reduction by the thigh length stocking AG37 compared to the
below knee stocking AD, p<0.1.

volume of the lower limb was significantly reduced by the three stockings (Table 3, Fig. 4), AG37 was
most effective.

Ejection Fraction was raised significantly by each stocking (Table 4, Fig. 5). Venous Filling Index
(VFI) was reduced by each compression stocking (Table 5), most pronounced by AG45 (Fig. 6).

Besides the haemodynamic and clinical effects, wear comfort of the stockings was assessed and
quality of life was monitored. Functional status was good in everyday life and the patients showed few
complaints with either of the three stockings. Least complaints occurred with the AG37, n.s. (Fig. 7). In
addition all subjects declared overall satisfaction (Fig. 8). In addition comfort of all three compression
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Table 3
Volume change (in 1) of the lower leg by compression?

Stocking mean sd median IQR p-value
AD —0.065 0.069 -0.06 0.065 0.001
AG37 -0.075 0.091 -0.10 0.105 0.003
AG45 —-0.068 0.107 -0.06 0.085 0.014

2Significant volume reduction on the lower leg with all three compression stockings, p <0.05.
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Fig. 4. Volume change (1) of the lower leg. Significant volume reduction by all compression stockings, p <0.05.

Table 4

Change of EF (in %) by compression®

Stocking mean sd median IQR p-value
AD 28.258 45.189 17.222 47.227 0.018
AG37 60.115 90.624 28.456 63.378 0.021
AG45 60.377 68.775 47.678 62.910 0.003

3Significant improvement of EF with all compression stockings, p <0.05.
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T
AG45 (60%, p=0.003)

Fig. 5. Change of Ejection Fraction (%). Significant increase of EF with all stockings, p <0.05.

stockings was assessed as good. The AD showed slight advantages, n.s. (Fig. 9), yet the donning of the
stocking was not influenced. Only one of the sixteen subjects complained about a high time exposure
in donning with all three stocking, no patient stated difficulties in donning.
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Table 5
Change of VFI (in %/s) by compression*

Stocking mean sd median IQR p-value
AD —-0.037 0.072 —-0.007 0.030 0.037
AG37 —0.065 0.121 -0.014 0.076 0.045
AG45 -0.078 0.074 —-0.059 0.077 0.001

4Significant reduction of VFI with all compression stockings, p <0.05.

o (p=0.488 in group comparison)

T T T
AD (-0.037 %ls, p=0.037) AG37 (-0.065 %/s, p=0.045)  AG45 (-0.078 %ls, p=0.001)

Fig. 6. Change of Venous Filling Index (%/s). Significant reduction of VFI with all stockings, p <0.05.
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Fig. 7. Functional status over the last seven days. Only slight complaints occurred with all stockings.

4. Discussion

As venous pressure is maximal at the foot, compression stockings provide a degressive interface
pressure profile with highest pressure at the distal lower limb, the interface pressure decreases towards
the proximal leg segments. First clinical signs of chronic venous insufficiency concern the distal leg
with reticular varicosis at the gaiter area (Corona phlebectatica paraplantaris) and edema formation of
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Fig. 8. Satisfaction over the last 7 days. Overall well-being occurred with all compression stockings.
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Fig. 9. Negative experiences with compression over the last 7 days. Wear comfort was evaluated good with all stockings.
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the lower limb. Calf compression counteracts increased venous pressure and has proven as appropriate
in mild stages of CVI. With progress of the CVI, the gaiter area remains a critical region for skin
ischaemia due to disturbed skin microcirculation [7]. Therefore below knee stockings with particular
skin tolerability (inner liner) and short stretch properties (outer stocking) were developed which have
been shown to be clinically efficacious. As in severe CVI valves of thigh and popliteal veins are
usually also incompetent, compression of thigh could enhance the positive effects of compression
stockings.

The here displayed results show a positive haemodynamic effect and volume reductions on the lower
limb by all three compression materials. Compression hosiery, here three types of two-component
stockings, reduces leg volume which means leg oedema. This favourable effect of compression has
been shown by a variety of authors with regard to haemodynamics [6, 10, 17] and for the volume
[11, 15, 16]. An increase of volume of the thigh, however, occurred when the below knee stocking
was worn. On contrary the two up to groin stockings showed a volume decrease also on the proximal
leg at thigh level. This volume reduction of the thigh was achieved both by the 20 mmHg and by
the 12 mmHg inner liner. This finding is consistent to Mosti et al. [11], who neither detected a more
pronounced effect on leg volume and circumference with increasing pressure. Having the same interface
pressure as the below knee stocking the thigh length stocking AG37 was superior with regard to
volume reduction and to venous hemodynamic. Obviously compression is more effective when larger
segments of the leg are included. This is maybe due to valve incompetence of femoral and popliteal
veins, which is compensated by thigh compression and due to effects to the skin microcirculation
with the better transportation and removal of fluid and dermal lymphatic drainage through an overall
consisting pressure exerted on the whole leg.

The revealed findings are supported by the haemodynamic effects of the stocking on reflux and
drainage. They all showed a significant increase in EF, as a measure of the calf muscle pump. The
results are consistent with the clinical effects on the volume reduction as an improved venous drainage
leads to oedema reduction in the long term. Both thigh length compression materials, whilst having
a pronounced effect on the volume also lead to an enhancement of the venous pumping function.
Ejection Fraction cannot be further enhanced with AG45, maybe due to the congestive effect. Venous
Filling Index (VFI) as a measure of the venous reflux was decreased by the use of all compression
stockings (p < 0.05). Median reduction was here most pronounced with the AG 45 which is consistent
with Partsch et al. [14], who describe significant reduction of VFI only with higher pressure. Alongside
those haemodynamic parameters and the clinical effect, it stayed unclear if the wear comfort, which
influences patients’ adherence, was impaired by thigh length compression stockings. Overall comfort
was slightly (n.s.) better with the below knee stocking, patients’ functional status, however, superior
with the AG37 (n.s.). Further difficulties in donning and time required for donning where evaluated
similarly for all three products.

A negative effect described by few patients of a two component stocking like the AD stocking is a
volume increase in the distal thigh, which leads to miss sensations and pain. Occasionally the grip top
of the stocking strangles the edematous skin. With the displayed data, a distinct efficacy of the two
component AG stocking can be shown. This impact was realized with an interface pressure of only
6 mmHg in the knee area by the liner stocking of the AG37.

In conclusion it was demonstrated that the therapeutic effect of the classic below knee compression
stocking can be improved by a thigh length model which has a significant effect on the volume reduction
on the upper leg. Hemodynamic parameters showed to be further improved, whilst the wear comfort
is not impaired. Patients’ adherence to compression therapy can even be enhanced by up to groin
compression stockings which prevent edema formation and discomfort at the thigh level which leads
to a better general wellbeing by support of everyday life activities. On this account a better efficacy
can also be expected with regard to healing of trophic skin changes e.g. ulcers.
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