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Einleitende Zusammenfassung

der schriftlichen, kumulativen Promotion

geméR § 4a der Promotionsordnung der LMU vom 1.Juni 1983 in der achten

Fassung der Anderungssatzung vom 1.April 2009



1 Einleitung

1.1  Hintergrund und tUbergeordnete Fragestellung

Die Sekundireffloreszenz ,.cicatrix* ! diirfte der haufigste Hautbefund weltweit sein.
Doch nur eine geringe Zahl der Narben bereitet Patient und Arzt Probleme. Im Falle einer
UberschieRenden Narbenbildung dominiert die d&sthetische Unzufriedenheit der
Betroffenen gefolgt von unangenehmen Symptomen wie Spannungsgefihl, Juckreiz und
Schmerzen 2. Das Krankheitshild der wuchernden Narben scheint seit sehr langer Zeit
bekannt zu sein. Im Edwin-Smith-Papyrus, einem eindrucksvollen Schriftstiick der
agyptischen Heilkunst, welches auf ca. 1700 vor Christus datiert wird, werden neben
Grundlagen der Trauma- und Wundversorgung auch iiberschieRende Narben erwahnt 3.
Der Begriff Keloid geht allerdings auf den franzdsischen Arzt Jean-Louis Alibert zuriick,
der diesen im Jahr 1816 vom griechischen Wort ,,chele®, welches Krebsschere bedeutet,
ableitete *. Er wahlte die Bezeichnung aufgrund des krebséhnlichen Wachstums dieser
Narbenform. 1854 wurde das Krankheitsbild weiter spezifiziert und vermerkt, dass vor

allem der obere Torso und junge Frauen betroffen zu sein scheinen °.

In den letzten Jahren haben sich neue Therapien flr hypertrophe Narben und Keloide
etabliert und bereits erprobte wurden weiterentwickelt. Auch die Forschung hinsichtlich
der Pathogenese brachte weitere Erkenntnisse. Seit 2012 existiert eine Leitlinie der
Deutschen Dermatologischen Gesellschaft zur Therapie pathologischer Narben 8. Ein
Vorteil dieser ist die Vorstellung detaillierter Therapiealgorithmen. Dennoch stellt die
Fille an Therapien den behandelnden Arzt vor die zunehmende Herausforderung, die
beste Option fur den einzelnen Patienten zu finden. Erschwert wird dies zusétzlich
dadurch, dass die Ergebnisse vieler Studien lediglich auf subjektiven Beurteilungen
beruhen, allgemein giltige und etablierte Messverfahren in der Narbentherapie existieren
bis dato nicht. Objektive Parameter sind neben individuell festgelegten Therapiezielen
hoch relevant fiir die begriindete Entscheidung hinsichtlich einer Therapieform. Ziel der
vorliegenden Arbeit ist es, zwei klinischen Studien vorzustellen, welche bereits in
internationalen Fachzeitschriften publiziert wurden und objektive Messverfahren mit
subjektiven Bewertungsskalen kombinieren, und deren aktuelle Bedeutung fiir die

Narbentherapie herauszustellen.



1.2  Epidemiologie

Insbesondere dem Keloid liegt haufig eine genetische Pradisposition zugrunde ’. Eine
syrische Studie mit 259 Patienten aus dem Jahr 2016 ermittelte, dass Uber die Halfte der
Keloide im Alter zwischen 11 und 30 Jahren auftraten &. Eine hohe Keloidpravalenz findet
sich nun insbesondere bei Menschen asiatischer und afroamerikanischer Abstammung °.
Dunkelh&utige ethnische Gruppen haben ein etwa 15fach hoheres Risiko, im Laufe ihres
Lebens ein Keloid zu entwickeln verglichen mit Kaukasiern . Fiir die USA liegen
ausreichend Daten zur Haufigkeit von Uberschieenden Narben vor. Im Zeitraum
zwischen 1990 und 2009 verzeichnete der ,,National Ambulatory Medical Care Survey*
427.500 Arztbesuche pro Jahr aufgrund dieser Diagnose . Eine aktuelle Analyse aus
dem Jahr 2015 beziffert die insgesamten Kosten der Narbentherapie in den USA auf tber
20 Milliarden Dollar 2, Fiir Deutschland liegen leider keine Angaben zu Inzidenz und
Epidemiologie von hypertrophen Narben und Keloiden vor. Durch die Globalisierung
und den gestiegenen asthetischen Anspruch der Patienten durfte das Problem der

effizienten Narbenbehandlung auch in Deutschland drdngender werden.
1.3 Hypertrophe Narben und Keloide

Bei einem Keloid handelt es sich um eine scharf begrenzte, gutartige Vermehrung des
Bindegewebes der Haut. Die Wucherung erscheint wulstartig oder flachenhaft mit
verdickter Haut bei intakter Epidermis, oft ist das Keloid gerétet, was bei zunehmender
Erkrankungsdauer jedoch auch riicklaufig sein kann 1. Im Gegensatz zu hypertrophen
Narben, welche auf die Wundrénder beschrénkt sind, wuchern Keloide (ber den
urspriinglichen Rand der Wunde hinaus und kénnen auch spontan, also ohne erinnerliches
Trauma entstehen 8. Ebenso begiinstigen chronische Entziindungsprozesse der Haut wie
z.B. Akne das Auftreten von GberschieRenden Narben °. Dariiber hinaus neigen Keloide
zu Rezidiven und bilden sich anders als hypertrophe Narben nicht zurlick oder verbessern
sich im Laufe der Zeit . Aufgrund der 20fach gesteigerten Kollagensynthese ist das
histologische Bild gepréagt von zellarmen Bindegewebe mit ballenartig angeordneten und
im fortgeschrittenen Stadium hyalinisierten kollagenen Fasern 4. Histologisch kann das
Alter anhand der Art der Kollagenfasern unterschieden werden: so findet man in frischen
Keloiden héaufiger Typ-111 Kollagen, wahrend hingegen Keloide, die tiber 1 Jahr alt sind,
sowie hypertrophe Narben mehr Kollagenfasern vom Typ | aufweisen . Weitere
Unterscheidungsmerkmale betreffen die Lokalisation, wobei hypertrophe Narben am
gesamten Integument zu finden sind und bei Keloiden Prédilektionsstellen existieren ©.



1.4 Wundheilung und Narbenbildung

Die Wundheilung der Haut wird definiert als Defektverschluss durch Vernarbung in
Verbindung mit Epithelialisierung *°. Im Vergleich zur unversehrten Haut unterscheidet
sich Narbengewebe durch den Verlust von Hautanhangsgebilden sowie einer veranderten
Architektur der extrazellularen Matrix, was zu eingeschrdnkten mechanischen
Eigenschaften fihrt ®. Narbenbildung ist eine Defektheilung - ,.restitutio ad integrum®,
die vollstandige Regeneration mit Erreichen des Ursprungszustandes ist nur fetaler Haut
moglich 7. Der zeitliche Ablauf wird in eine exsudative, proliferative und regenerative
Phase unterteilt 8, Initial dominiert die entziindliche Reaktion, um Keime und defektes
Gewebe zu eliminieren °. Die Blutung aus der Wunde ist Beginn der enzymatischen
Aktivierung einer Kaskade, an der verschieden Zellen und Signalmolekile beteiligt sind.
Charakterisiert ist die Phase | durch Blutgerinnung, Vasokonstriktion und
Fibrinverklebung %°. Aus den a-Granula der Thrombozyten werden Zytokine freigesetzt,
u.a. TGF-B1 sowie Wachstumsfaktoren 2. Eine Entziindung wird durch inflammatorische
Zytokine hervorgerufen, welche fir die Aktivierung von Fibroblasten und Keratinozyten
verantwortlich sind 22. Makrophagen sind fir Phagozytose von Geweberesten und
Bakterien zustandig und sezernieren dabei selbst weitere Zytokine 2%, Nach ca. 1-3 Tagen
findet der Ubergang zur Phase Il statt. Wachstumsfaktoren stimulieren das Einsprossen
von Kapillaren 2* und aktivieren die Kollagensynthese, wobei TGF-B1 den bedeutendsten
Stimulus darstellt 2°. Die aktivierten Fibroblasten schaffen durch die Bildung der
extrazelluldren Matrix die Grundlage des Granulationsgewebes, welches aus Prokollagen,
Hyaluronsdure und Elastin besteht und als Gerust fir den spateren Umbau zu
Narbengewebe dient %. Die proliferative Phase ist ca. 4-7 Tage nach der Verletzung
abgeschlossen. Die Phase 11l umfasst Wundkontraktion, Epithelisierung und
Narbenbildung 8. TGF-B1 induziert die Umwandlung von Fibroblasten in
Myofibroblasten, welche fur das Zusammenziehen der Wundrénder sorgen. Nach
Wundschluss scheint vor allem die Abnahme der Myofibroblasten fiir eine limitierte
Narbenbildung verantwortlich zu sein ?’. Wachstumsfaktoren verstarken die Migration
der Keratinozyten zur Wundoberflache 2. Die endgiiltige Reepithelisierung umfasst die
Reifung der Kollagenfasern und die Reorganisation der an dem provisorischen
Granulationsgewebe beteiligten Strukturproteinen. Die Umwandlung von Kollagen Typ
I11 zu Typ | ergibt ein mechanisch belastbares Narbengewebe, wobei das Gleichgewicht
zwischen Auf- und Abbau von Kollagen essentiell ist 2°. Es kann bis zu zwei Jahren

dauern, bis der Umbau des Narbengewebes finalisiert und die Narbe ausgereift ist .



Ein pathologisches Narbenwachstum ist Ausdruck einer gestérten Wundheilung mit
Verlangerung der Entziindungsphase und folglich der erheblich vermehrten Bildung von
extrazelluldrer Matrix bei gleichzeitig vermindertem Abbau °. Die persistierende
Entziindung des Wundgewebes fiihrt zu einer vermehrten Stimulation und Bildung der
oben genannten Wachstumsfaktoren, welche die Kollagensynthese, die Proliferation der
Fibroblasten und die Neovaskularisierung fordern. Der Abbau der extrazelluldaren Matrix
in der Phase Il der Wundheilung wird vor allem von Enzymen wie den Matrix-
Metalloproteasen bewerkstelligt 3. Eine verminderte Aktivitit dieser filhrt zu einer
Akkumulation von (berschiissigem Bindegewebe, was dem klinischen Bild einer
iiberschieRenden Narbe entspricht 2°. Des Weiteren haben patientenabhéngige Faktoren
sowie die Lokalisation der Narbe und Umweltbedingungen entscheidende Bedeutung. Da
fur die Entstehung einer Wulstnarbe insbesondere die Lange der Entziindungsphase
ausschlaggebend ist, tragen Faktoren, die Entziindungen beginstigen wie Diabetes
mellitus oder die Immunabwehr unterdriicken ebenfalls zum Entstehen einer
pathologischen Narbe bei 2. Regionen, die wahrend des Heilungsprozesses hohen
Zugkraften ausgesetzt sind, sind besonders gefdhrdet, so dass es bei entsprechender
Pradisposition zur Keloidbildung kommt 3. Aufgrund der Tatsache, dass v.a. Keloide
familiar gehauft vorkommen, missen auch genetische Faktoren miteinbezogen werden.
So scheinen Verdanderungen in Apoptose regulierenden Genen, den Matrix-
Metalloproteasen, der TGF-R Signalkaskade und Interleukinen eine Keloidentstehung zu
fordern 734 Gleich welche Ursache zu Grunde liegt, so handelt es sich bei einer
Uberschiessenden Narbe um eine Hauterscheinung, die die Betroffenen beeintrachtigen

kann und optisch meistens als unésthetisch wahrgenommen wird.
1.5 Uberblick der wichtigsten Therapieoptionen

Daher ist der wichtigste Ansatz Gberhaupt die Pravention einer tberschiessenden Narbe.
Die optimale chirurgische Wundversorgung ist entscheidend und beinhaltet eine
Ausrichtung der Inzisionslinien an den Hautspaltlinien, eine mdglichst atraumatische
Wundrandbehandlung, die Minimierung des zentrifugalen Zugs, die Verwendung von
passendem Nahtmaterial sowie die bestmogliche Nachsorge inklusive der Vermeidung
von postoperativen Infektionen *°. Mdglichst friih sollte mit einer Prophylaxe begonnen
werden. Entsprechende Topika, welche die Wirkstoffe Extractum cepae, Heparin und
Allantoin enthalten, haben einen nachweisbar positiven Effekt . Silikonpraparate,
welche die Elastizitat verbessern, sind ebenfalls eher in der Narbenpravention zu finden

und werden gerne mit invasiveren Therapieverfahren kombiniert & 37,



Die chirurgische Behandlung zielt auf die Entlastung des Gewebes von Spannung sowie
der Schaffung einer frischen Wundsituation durch Entfernung fibrotischen Narben-
gewebes °. Aufgrund der Rezidivgefahr schliesst sich in der Regel eine nachfolgende
Therapie an 8. Laut Leitlinien kann die Bestrahlung von Keloiden nach operativer
Therapie empfohlen werden 3°. lonisierende Strahlung hat antiinflammatorische Effekte
und hemmt die Zellneubildung, was zu einer Reduzierung der Fibroblasten fiihrt .
Insbesondere bei groRflachigen Narben kommt eine Druckbehandlung durch spezielle
Verbande zum Einsatz #*, was eine Verminderung der kapillaren Perfusion sowie eine

Beschleunigung der Kollagenreifung und dadurch eine Abflachung der Narbe bewirkt ®.

Neuere Verfahren umfassen Laserbehandlungen, welche entweder ablativ mittels eines
CO.- oder Er:YAG-Lasers zur Vaporisation oder Abtragung von uberschiissigem
Gewebe fuhren, Niveauunterschiede ausgleichen sollen und zur Rezidivvermeidung eher
in Kombination mit weiteren Therapieverfahren eingesetzt werden sowie nicht-ablative
Farbstofflaser zur gezielten Zerstérung der Mikrovaskularisation des Narbengewebes,
was der Verminderung von Erythemen bei starker vaskularisierten Narben dient 6424,
Therapieversuche mit Interferon ¥, Bleomycin * und Imiquimod = zielen auf die
Inhibition der Kollagensynthese vor allem durch die verminderte Stimulation von TGF-
R1 und sind derzeit noch eher uniblich. Sie werden eher bei Versagen der
Standardverfahren und schwer zu behandelnden Keloiden angewandt *°. Dies gilt auch
fiir das seit 1989 in den USA zur Narbentherapie eingesetzte 5-Fluorouracil, welches die
Proliferation von Fibroblasten hemmt und vor allem bei Keloiden und unzureichendem

Behandlungserfolg der Erstlinientherapie eingesetzt wird 622,

Die Anwendung von Kaélte durch fliissigen Stickstoff zeigt hohe Ansprechraten ¢ und
kann intral4sional *” oder im offenen Spriihverfahren kombiniert mit einer zusatzlichen
Applikation von Steroiden angewendet werden. Letzteres erleichtert die Injektion des
kristallinen Kortikoids in die Narbe 3. Kryotherapie bewirkt eine kéltebedingte Anderung
der Mikrozirkulation der Zelle und filhrt zum ischamischen Zelltod °.
Glukokortikosteroide wirken nicht nur anti-inflammatorisch, sondern hemmen auch die
Fibroblastenproliferation und filhren zu einer Reduktion der Kollagensynthese 3. Bei
hypertrophen Narben und Keloiden stellt die Behandlung mit intraldsionalen
Glukokortikosteroiden alleine oder kombiniert mit Kalteanwendung laut nationalen und
internationalen Leitlinien die Erstlinientherapie dar und wird mit sehr gutem Erfolg in der

Narbentherapie eingesetzt %48,



2 Vorstellung der klinischen Studien zur Narbentherapie

2.1  Patienten und Behandlungsalgorithmus

An der Klinik und Poliklinik fir Dermatologie und Allergologie der LMU Miinchen
existiert seit Jahren eine stark frequentierte Sprechstunde fir die Behandlung von
pathologischen Narben. Diese wird von der Abteilung fiir Asthetische Dermatologie unter
der Leitung von PD Dr. med. Gerd Gauglitz gefuhrt. Seit 2014 wurden mehrere klinische
Studien zur Erforschung der Wirksamkeit anerkannter und neuer Therapieverfahren
initiiert. Zielsetzung der hier vorgestellten Studien war die Etablierung nicht-invasiver,
objektiver Messmethoden zur Erfassung relevanter therapeutischer Parameter der
Narbentherapie. In Kombination mit bewahrten subjektiven Evaluierungsmethoden wird
ein Erkenntnisgewinn zur umfassenden Bewertung des Therapieergebnisses erwartet. Die
Doktorandin war dabei nicht in die Behandlung der Patienten integriert. Diese wurde stets
von demselben erfahrenen Arzt, PD Dr. med. Markus Reinholz, durchgefiihrt. Die
Studienpatienten waren regulére Patienten der Narbensprechstunde, welche die
Einschlusskriterien erfillten. Als Studiendauer wurden ab Vorliegen des
Unbedenklichkeitsbescheids der Ethikkommission 12 Monaten veranschlagt. In diesem
Zeitraum wurde jeder neue Patient der Narbensprechstunde zu einer freiwilligen
Studienteilnahme eingeladen und ein informed consent fand statt. Insgesamt wurden zwei
verschiedene Studien geplant und durchgefihrt: In die Studie zur Evaluation der Narben
mittels Optischer Koh&renz Tomographie wurden 8 Patienten mit hypertrophen Narben
und Keloiden (4 Frauen und 4 Manner zwischen 23 und 78 Jahren) eingeschlossen. An
der anderen Studie zur Untersuchung von Keloiden mit Primos®P'® nahmen 15 Patienten
(7 Frauen und 8 Ménner im Alter von 18 bis 54 Jahren) teil. Alle Studienpatienten
erhielten die Erstlinientherapie bei hypertrophen Narben und Keloiden mit Anwendung
von Kryotherapie und anschliessender intral&sionaler Applikation von Triamcinolon-
acetonid in steigender Konzentration wie laut Leitlinien empfohlen ©. Es wurde auf eine
Kontrollgruppe verzichtet, um keinem Patienten eine wirksame Therapie vorzuenthalten.
Injektionsnadeln der GrolRe 27 Gauge mit Luer-Lock-System wurden verwendet. Das
Injektionsvolumen war abhéngig von der Narbengrosse und wurde ebenfalls
dokumentiert. Endpunkt der Injektion war ein sichtbares Abblassen der Narbe. Initial
wurden 10 mg/mL Triamcinolonacetonid injiziert, welches in den nachfolgenden
Sitzungen gemass Leitlinien auf 40 mg/mL aufdosiert wurde. Direkt vor der Injektion
wurde zur Kryotherapie flussiger Stickstoff im offenen Sprihverfahren fiir 10 Sekunden

mit Wiederholung nach 1 Minute appliziert — dies hat den Nebeneffekt einer milden
6



anasthetischen Wirkung. Nach vier Behandlungen erfolgte der Abschluss der Studie. Die
Dokumentation mittels objektiver Messmethoden wurde vor jeder Behandlung und einen
Monat nach der letzten Injektion durch die Doktorandin durchgefiihrt. Die Pilotstudien

zur Erprobung der im Folgenden vorgestellten Messgeréte fanden nacheinander statt.
2.2 Objektive Messverfahren

Das optische 3D-Hautmessgerat Primos®P'°, GFMesstechnik, Teltow, Germany ist sehr
gut geeignet, Volumen und Oberflache von uberschiessenden Narben darzustellen. Es
wird erfolgreich zur nicht-invasiven Messung von Hautfalten als auch von Dehnungs-
streifen, welche ebenfalls Narbengewebe sind, eingesetzt 4. Dazu werden auf die
betroffene Hautstelle parallele Lichtstreifen projiziert und das entstandene Bild mit einer
Kamera aufgenommen. Aus Ablenkung, Position und Grauwerten kann die
Hautoberflachen-Mikrophotographie zu einem dreidimensionalen Bild rekonstruiert und
somit die Hohenverhéltnisse der Hautverdnderung dargestellt werden. Die Software

umfasst auch eine Overlay Funktion und ein 3D Matching zur Auswertung.

Sonographie wird schon langer zur Evaluation pathologischer Narben verwendet 3. Das
verwendete Sonographiegerat Logiq P6 Pro, GE Healthcare, Solingen, Germany, wird in
der Dermatologischen Klinik regelmalig auch in anderen Fragestellungen und zur
Dokumentation eingesetzt. Bei der Messung von Erhabenheit und Eindringtiefe der
Narben hat sich der 11L-Schallkopf mit einer Frequenz von 11 Mhz bewdhrt. Es ist eine
genaue Ausmessung der tiberschiessenden Narbe sowie eine Abschdtzung der Aktivitat
durch Bertcksichtigung der Graustufen mdglich. Eine ausreichende Menge
Ultraschallgel verhindert ein Zusammendriicken der Narbe wahrend der Aufnahme und

somit eine Verfalschung der Ergebnisse durch eine potentielle Hohenminderung.

Die optische Koharenztomographie nutzt infrarotes Licht um hochauflosende Schnitt-
bilder der oberflachlichen Gewebeschichten herzustellen. Somit ist es mdglich ohne eine
invasive Biopsie durch Entnahme einer Hautprobe eine schonende Gewebediagnostik
durchzufilhren. Ganz ahnlich wie beim Primos®” wird ein Interferometrieverfahren
eingesetzt, um die Hohenunterschiede der Haut darstellen zu kénnen. Das verwendete
HD-OCT Gerat wird seit Ladngerem beispielsweise bei malignen Hauterkrankungen und
anderen Fachdisziplinen wie der Ophthalmologie oder der Gynéakologie sowie bei
speziellen Fragestellungen auch bei Studien eingesetzt %2. Es wurden Hohenunterschiede

der Epidermis und oberfléchlichen Dermis sowie morphologische Anderungen gemessen.
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2.3 Subjektive Bewertungsmethoden

Standardisierte Fragebtgen dienen der subjektiven Evaluation des Therapieerfolges und
sind darlber hinaus hilfreich, die Patientenzufriedenheit mit dem Behandlungsergebnis
abzubilden. Die vorgestellten Fragebégen wurden lediglich bei der ersten Studie mit 8
Patienten eingesetzt. Uber einen gewissen Zeitraum wurden im Rahmen weiterer
Klinischer Studien jedem Patienten der Narbensprechstunde die Fragebdgen ausgeteilt,

die Ergebnisse wurden ebenfalls bereits in anerkannten Journals publiziert >4,

Der “Patient and Observer Scar Assessment Scale” (POSAS) bildet alle wesentlichen
Merkmale einer pathologischen Narbe ab: Hautdicke, Ausdehnung der Narbe, Elastizitét,
Oberflachenbeschaffenheit, Abweichungen der Pigementierung, Vaskularisierung sowie
Schmerz und Juckreiz. Der POSAS besteht aus zwei Teilen, wovon einen der Patient, den
anderen der Untersucher oder Behandler - im Rahmen der vorgestellten Studien die
Doktorandin - ausfullt. Die Items werden uber eine definierte Skala von 1 bis 10
quantifiziert. In Studien zur Narbentherapie hat sich der POSAS als hoch geeignetes

Instrument zur Evaluation des Behandlungserfolges bewdahrt 556,

Etwas allgemeiner greift der “Dermatology Life Quality Index” (DLQI) mit 10 Fragen zu
umfassenden Beeintrdchtigungen durch die Hauterkrankung in Alltag, Auswahl der
Bekleidung, Sozialaktivitaten, Sport und Freizeit, Arbeit, Beziehungen, Sexualverhalten
und Selbstbewusstsein. Ebenfalls spielen Beeintrédchtigungen durch die Behandlung
selbst eine Rolle und es werden die unangenehmen Symptome vieler Hauterkrankungen
Schmerz und Juckreiz abgefragt. Der DLQI wird bei Gber 40 verschiedenen Pathologien
der Haut seit langem eingesetzt und ist einer der am 6ftesten angewendete Fragebdgen

zur Erfassung relevanter Erkrankungs- und Therapieaspekte >8,

Eine digitale Fotografie wird in der Klinik und Poliklinik fur Dermatologie und
Allergologie der LMU Miinchen regelméliig zur Verlaufskontrolle aufgenommen. In der
Narbensprechstunde erfolgt dies vor jedem Behandlungstermin. Die Aufnahme der Fotos
wird von den angestellten Fotografen der Klinik in einem standardisierten Setting
durchgefuhrt. Eine separate Zustimmung zur klinikinternen Speicherung und auch zur
evtl. weiteren wissenschaftlichen Veroffentlichungen erteilt jeder Patient routinemaliig
auf einem eigenen Fotozettel, auf welchem standardmassig auch Diagnose und betroffene
Hautstelle dokumentiert werden. Die Aufnahmen dienen der Qualitatssicherung und sind

aufschlussreich fir den behandelnden Arzt zur Beurteilung des Therapieerfolges.



3 Ergebnisse

Die erstdurchgefihrte Studie untersuchte den Einsatz der HD-OCT bei der Behandlung
hypertropher Narben und Keloide, wéhrend die andere Studie den Therapieerfolg durch
Primos®P'® objektiv messbar machte. Bei beiden erginzte Sonographie die jeweilige
Messmethode. Bei den 8 Studienpatienten wurde eine Abnahme der Dicke der Epidermis
um durchschnittlich 23.1 % durch die Messungen mit dem HD-OCT festgestellt, wahrend
die Reduktion der GroRe der oberflachlichen Dermis 18.0 % betrug. Durch die exakte
Darstellungsmdglichkeit der einzelnen Hautschichten konnten in dieser Studie ebenfalls
Anderungen der Zellarchitektur der behandelten Narben durch das HD-OCT detektiert
und abgebildet werden, so ein Ausdinnen der Reteleisten, eine Abnahme der
Signalintensitat in der oberflachlichen Dermis und eine Signalanreicherung im
Kollagennetz. Nach der viermaligen Behandlung mit Kryotherapie und intralasionalem
Triamcinolonacetonid présentierte sich die Epidermis wellenartig verglichen mit dem
Ausgangsbefund. In der sonographischen Untersuchung wurde ebenfalls eine signifikante
Reduktion der Narbenh6he um 39.6 % und -eindringtiefe um 39.7% festgestellt. Es wurde
eine Zunahme echoreicher Reflektionen und damit ein helleres, homogeneres
Narbengewebe beobachtet. Bei Auswertung der digitalen Fotographien fiel vor allem eine
Reduktion der Rotung der behandelten Narben auf. Die Evaluation der Fragebdgen ergab
im POSAS Patient eine signifikante Reduktion von Schmerz und Juckreiz, welche die
h&ufigsten Symptome von tberschiessenden Narben sind. Im POSAS Observer ergaben
sich ahnliche Befunde fiir das Item Elastizitat. Die Untersuchung der Lebensqualitét der
Studienpatienten offenbarte eine signifikante Verbesserung um durchschnittlich 2.8
Punkte. Interessante Erkenntnise brachte die Korrelation zwischen objektiven
Messergebnissen und subjektiven Bewertungen zu Tage: Trotz hochsignifikanter
Reduktion von Narbenhohe und -volumen korrelierten nicht alle objektiven Parameter
mit einer verringerten Punktzahl in den Fragebdgen. Diese korrelierten fur die Reduktion
der Dicke der Dermis enger, als flr die der Epidermis und generell fur die Angaben im
POSAS besser als fur die Ergebnisse des DLQI.

In der zweiten Studie zur Evaluation des Erfolgs der Standardtherapie wurden bei 15
Patienten Hohe und Volumen der behandelten Keloide mit Primos®P'® gemessen und
eine Hohenminderung um durchschnittlich 41.3 % verglichen mit dem Ausgangswert vor
den vier Therapiezyklen festgestellt. Dies war proportional zum Volumenverlust um im
Durchschnitt 34.3 % 4 Wochen nach der vierten Behandlung. Die Auswertung von

Erhabenheit und Eindringtiefe durch sonographische Ausmessung ergab fir erstere eine
9



Reduktion um 31.7 % und eine durchschnittliche Abnahme der Tiefe um 37.8 %.
Ebenfalls wurden unerwinschte Therapienebenwirkungen dokumentiert sowie eine
Befragung der Studienpatienten zu Vorbehandlung und Familienanamnese durchgefuhrt.
Aufgrund der Tatsache, dass in die zweite Studie ausschliesslich Keloide eingeschlossen
wurden, ergab sich eine hohere Inzidenz fir ein familidres Vorkommen tberschiessender
Narbenbildung, welches von 3 Patienten angegeben wurde. 10 von 15 Patienten hatten
sich vor Erhalt der leitliniengerechten Therapie anderen Behandlungen, zumeist der
Anwendung verschiedener Narbencremes, unterzogen. Bei einem Patienten war es nach
chirurgischer Keloidexzision zu einem Rezidiv gekommen. Alle Therapieversuche lagen
mindestens 1 Jahr zuriick bei Studienbeginn. Zusatzlich fand eine Auswertung des
injizierten Volumens Triamcinolonacetonid im Verlauf statt. Zu Beginn betrug die
durchschnittlich injizierte Menge 0.9 mL (£0.6 mL), welches sich im Therapieverlauf auf
0.5 mL (0.3 mL) verringerte und mit einer Abnahme des Narbenvolumens durch die
Behandlung zu erkldren ist. Die Aufnahmen mittels digitaler Fotographie dokumentierten

auch die asthetische Verbesserung des Hautbefundes.

4 Diskussion und Ausblick

Die vorliegenden Studien sind als Pilotstudien zu werten, welche den potentiellen Einsatz
objektiver Messmethoden bei den sich stetig erweiternden Therapieverfahren fur
pathologische Narben untersuchen. Nicht-invasive Messmethoden werden in der
dermatologischen Praxis bei verschiedenen Indikationen wie beispielsweise Hautkrebs
oder Falten schon tber langere Zeit zur klinischen Verlaufskontrolle eingesetzt — bisher
ohne systematisch Daten zu erheben. Dabei ist insbesondere von Bedeutung, ob der
zusétzliche Erkenntnisgewinn durch die Erhebung objektiv auswertbarer Haut-
beschaffenheiten den erhdhten Zeitaufwand fir Patient und Behandler rechtfertigt. Die
Ergebnisse beider Studien bestdtigen zundchst die Wirksamkeit der von den Leitlinien
empfohlenen Behandlung mit Kryotherapie und intraldsionaler Injektion von kristallinen
Glukokortikosteroiden, da sich bei samtlichen Studienpatienten eine objektiv messbare
Verbesserung von Narbenhohe, -volumen und -eindringtiefe in die Haut zeigte. Des
Weiteren wurden beide neuen Messmethoden, HD-OCT und Primos®P' durch den
Vergleich mit der bewdhrten Sonographie als sehr geeignete Evaluierungsmethoden
bestéatigt, die Ergebnisse waren vergleichbar. Primos®P'® hat den zusatzlichen Vorteil der
Benutzerfreundlichkeit und der unmittelbaren Darstellungsmdglichkeit inklusive einer

automatischen Auswertung der relevanten Parameter. Ein Nachteil ist die begrenzte
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Anwendbarkeit bei dunkleren Hauttypen (Fitzpatrick V und V1), welche jedoch von
Keloiden Gberproportional betroffen sind %’. Sowohl Sonographie als insbesondere auch
die HD-OCT erfordern eine héhere Geschicklichkeit und Ubung bei der Anwendung,
zudem erfolgt die Auswertung semi-manuell. Jedoch erhalt man im Gegenzug
Informationen Uber tiefer liegende Prozesse und morphologische Veranderungen durch
die Narbenbehandlung und dies ohne die Entnahme einer Hautbiopsie. Die Sonographie
ist anwendungsbedingt dabei weniger hochauflésend, dafiir liegt eine groRere
Eindringtiefe der Schallwellen vor, wéhrend hingegen die HD-OCT eine sehr viel
detaillierte Darstellung erlaubt und insbesondere auch Veranderungen auf zellularer

Ebene offenbart, jedoch lediglich bis zur oberflachlichen Dermis vordringt.

Zusammenfassend lasst sich sagen, dass die genannten Messgerate bisher vor allem im
Rahmen von Studien Anwendung finden und sich je nach Klinischer Fragestellung
gezielte Einsatzmdglichkeiten ergeben. Ein relevanter Unterschied zwischen der
subjektiven Einschdtzung des Therapieerfolgs durch Patient und Arzt verglichen mit
objektiven Messmethoden ldsst sich ebenso detektieren wie objektiv nachweisbare
Veranderungen %0, Weitere klinische Studien mit einer groReren Patientenkohorte sind
notwendig, um beispielsweise auf Basis gewonnener klinischer Parameter durch die
objektiven Messmethoden eine Beurteilung des Ansprechens auf die Therapie bereits
nach wenigen Sitzungen zu erlauben und somit einen schnelleren Wechsel auf eine fir
den Patienten geeignetere Option mdoglich zu machen. Ebenso konnen sie zur
Quialitatssicherung und dem Vergleich von Behandlungszentren anhand der objektiven
Auswertung des Therapieerfolgs dienen und Aussagen Uber die Wirksamkeit neuer
Behandlungsmethoden getroffen werden. In  Verbindung mit standardisierten
Fragebogen, welche generell zur Erh6hung der Patientenzufriedenheit haufiger eingesetzt
werden konnen, ist dadurch eine umfassende Evaluation s&mtlicher Narbentherapien
maoglich und winschenswert. Dass die empfohlene Standardtherapie fur hypertrophe
Narben und Keloide einer Kombination zweier Therapieverfahren entspricht, ist ebenfalls
sinnvoll: Insbesondere durch Hinzunahme neuer Behandlungsmethoden werden
Kombinationstherapien mit einem raschen Wechsel bei Nichteinstellen eines

Behandlungserfolgs die Zukunft der Narbentherapie sein.
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5 Zusammenfassung

Um pathologische Narben erfolgreich behandeln zu kénnen, sind klinisch kontrollierte
Studien nach dem Prinzip der evidenzbasierten Medizin von entscheidender Bedeutung.
Die Erfassung relevanter therapeutischer Parameter mittels nicht-invasiver, objektiver
Messmethoden kann die begriindeten Entscheidung fiir eine Therapieoption unterstiitzen
und bei der Etablierung neuer Behandlungsmethoden hilfreich sein. Zu diesem Zweck
wurde im Rahmen von zwei klinischen Pilotstudien mit 8 bzw. 15 Patienten die
Erstlinientherapie fir hypertrophe Narben und Keloide mittels zweier objektiver
Messgerate, Primos®®® und HD-OCT, welche beide erginzend mit der bewahrten
Sonographie kombiniert wurden, ausgewertet. Zusétzlich erfolgte in der einen Studie die

Therapieevaluation mit Hilfe von standardisierten Fragebdgen, DLQI und POSAS.

Die Doktorandin fuhrte die Messungen vor jeder der vier Behandlungen mit Kryotherapie
und intralasionaler Applikation von kristallinen Glukokortikosteroiden durch. Dabei
zeigte sich bei den hypertrophen Narben und Keloiden der 8 therapienaiven Patienten,
welche mit dem HD-OCT vor und nach der vierten Therapiesitzung gemessen worden
waren, eine Abnahme der Epidermisdicke um durchschnittlich 23.1 % verglichen mit
dem Vorbefund und eine Reduktion der Dicke der oberflachlichen Dermis um 18.0 %.
Des Weiteren konnten Veranderungen in der Zellarchitektur dargestellt werden. In der
sonographischen Messung zeigte sich eine Abnahme der Narbenhéhe um 39.6 % und der
Eindringtiefe um 39.7% sowie ein homogeneres, helleres Narbengewebe nach
Behandlung. Signifikante Verbesserungen ergaben die Items Schmerz, Juckreiz und
Hautelastizitat in der Evaluation des Therapieergebnisses mit POSAS. Die
Lebensqualitat, abgefragt durch den DLQI, steigerte sich ebenfalls durch eine signifikante
Abnahme der Punkte. In der Evaluation von 15 Patienten mit Keloiden zeichnete sich
eine Hohenreduktion um 41.3 % gemessen mit Primos®P'® sowie ein VVolumenverlust um
34.3 % nach insgesamt 4 Therapiezyklen ab. Die Kontrollmessungen mittels Sonographie
ergaben eine Abnahme der Erhabenheit der Keloide um durchschnittlich 31.7 % und eine
Verringerung der Eindringtiefe um im Durchschnitt 37.8 % verglichen mit dem
Hautbefund zu Beginn der Therapie. Es wurden zusétzlich das VVolumen des injizierten
Triamcinolonacetonids, Nebenwirkungen und wesentliche Patientenangaben erfasst. Die
Ergebnisse spiegeln die sehr gute Wirksamkeit der Behandlung hypertropher Narben und
Keloide mit der oben erwahnten Standardtherapie wieder und bekraftigen die

Bedeutsamkeit des Einsatzes objektiver Messmethoden.
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Use of Objective Measures in the Therapy of Hypertrophic Scars and Keloids

The treatment of pathological scarring still remains a challenge due to the high recurrence
rates and therapy resistance. Concerned patients suffer from functional and esthetical
problems. To date, a variety of therapeutic options for hypertrophic scars and keloids
exists. To improve evidence-based decision making we aimed to evaluate the treatment
success of the first-line therapy for hypertrophic scars and keloids following national and
international guidelines concerning scar therapy. In two studies with 8 respectively 15
patients treated with cryotherapy and intralesional steroid injections we analyzed the
treatment progress using two different objective measurement methods, Primos®P® and
HD-OCT, and combined them with the often applied and well-proven sonography. In the
first study with 8 patients, they additionally answered standardized questionnaires, DLQI

and POSAS, to evaluate the functional and cosmetic outcome.

After obtaining written informed consent of each patient, scars were measured with
Primos®P'® respectively HD-OCT and sonography before each visit and one month after
the last treatment. We evaluated a total reduction of epidermal and dermal thickness using
HD-OCT of at average 23.1 % and 18.0 %. Furthermore, morphological changes during
the therapeutic progress could be illustrated. Sonographic measurements showed an
average reduction of 39.6 % and 39.7 % in scar height and penetration depth after four
treatments with triamcinolone acetonide combined with cryotherapy. Compared with the
untreated keloid, sonographic image showed more echo-rich reflections over the course
of treatment progress. Significant improvements concerning main symptoms like pain,
pruritus and pliability of the hypertrophic scar or keloid were evaluated with POSAS.
Quality of life enhanced similarly demonstrated by a significant reduction of total score
of DLQI. Concerning the 15 patients with keloids an average height reduction of 41.3 %
and loss of volume of 34.3 % measured by Primos®” one month after the last treatment
were evaluated. Sonographic measures showed a decline of keloid height of at average
31.7 % and an average reduction of depth of 37.8 % compared with the untreated keloid.
Additionally, the injected amount of triamcinolone acetonide as well as side effects and
patients’ characteristics were documented. In summary, it could be demonstrated that the
above-mentioned therapy for hypertrophic scars and keloids is effective and safe, and
non-invasive objective measurement methods combined with subjective assessment tools
are highly appropriate for evaluating the treatment progress. Objective measures may
allow the comparison of different therapeutic options to find the optimal individual

treatment for each patient.
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6 Originalarbeiten
6.1 Publikationen firr die kumulative Dissertation

Die Ergebnisse der oben vorgestellten klinischen Studien wurden bereits in anerkannten,
fachspezifischen Journals publiziert. Unter dem Titel ,,Objective and subjective treatment
evaluation of scars using optical coherence tomography, sonography, photography, and
standardised questionnaires wurde im Dezember 2016 im European Journal of
Dermatology die Ergebnisse zur Evaluation der Erstlinientherapie hypertropher Narben
und Keloide mit Kryotherapie und intraldsionalen Glukokortikosteroiden veroffentlicht
(Eur J Dermatol 2016 Dec 1;26(6):599-608). Die erstmals in 1991 erschienene
Fachzeitschrift erscheint sechsmal im Jahr, sédmtliche wissenschaftliche Artikel
unterliegen einem peer-review Prozess. Der Impact Faktor wird laut Journal Citation

Reports mit 1.990 angegeben.

Im Dezember 2017 wurden die Ergebnisse der zweiten Studie zur Auswertung der
Standardtherapie von Keloiden gemaR nationalen und internationalen Leitlinien unter
dem Titel ,,Evaluating the Therapeutic Success of Keloids Treated With Cryotherapy and
Intralesional Corticosteroids Using Noninvasive Objective Measures* im Dermatologic
Surgery mit einem im Journal Citation Reports angegebenen Impact Faktor von 2.471
publiziert (Dermatologic Surgery 2018 May;44(5):635-644). Die Artikel der monatlich
erscheinenden Zeitschrift, von welcher die Erstausgabe im Jahr 1975 war, unterliegen

ebenfalls einem peer-review Gutachterprozess.

Die Doktorandin verfasste beide Publikationen in der Erstfassung komplett selbstandig,
fuhrte — bis auf die Messungen mit dem HD-OCT-Gerat — samtliche Messungen mit
Primos®P'® und dem Hautultraschall eigenverantwortlich durch und nahm bis auf die
Auswertung der HD-OCT-Ergebnisse die Auswertung der Studiendaten vor. Fir beide
Projekte erstellte sie einen gemeinsamen Ethikantrag und reichte diesen mit
Unterstitzung des Doktorvaters PD Dr. med. Gauglitz und des Betreuers PD Dr. med.
Reinholz bei der Ethikkommission der LMU Miinchen ein. Das Thema der Dissertation
wurde durch PD Dr. Gauglitz entwickelt, welcher auch nach Korrekturlesen durch die
Co-Autoren die Publikationen gemeinsam mit der Doktorandin revidierte und in die
vorliegende Endfassung brachte. Bei der ersten Publikation im European Journal of
Dermatology leistete PD Dr. Reinholz Hilfestellung bei der Verfassung, weshalb eine

geteilte Erstautorenschaft vorliegt.
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8 Abkirzungsverzeichnis

CO»-Laser Kohlendioxidlaser

DLQI Dermatology Life Quality Index
Er:'YAG-Laser Erbium Yttrium-Aluminium-Granat-Laser
HD-OCT High definition optical coherence tomography

(Hochauflésende Optische Koharenztomographie)

POSAS Patient and Observer Scar Assessment Scale
PRIMOS Phaseshift Rapid In-vivo Measurement Of Skin
TGF-R1 Transforming growth factor beta 1
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Background: Currently, different types of treatments for pathological
scars are available, however, to date, there is no established method
of measurement to objectively assess therapeutic outcome. Treatment
success is usually evaluated clinically by the physician and patient.
Non-invasive imaging techniques, such as HD-OCT (high-definition
optical coherence tomography), may represent a valuable diagnostic
tool to objectively measure therapeutic outcome. Objectives: To com-
pare HD-OCT with ultrasound and subjective evaluation tools, such
as questionnaires. Materials & methods: In total, eight patients with
pathological scars were treated in this pilot study with cryotherapy and
intralesional steroid injections, and evaluated pre- and post-treatment
using clinical examination, photography, sonography, and HD-OCT. The
analysis of objective and subjective measuring methods was used to draw
direct comparisons. Results: HD-OCT revealed reduced epidermal and
dermal thickness of the scar after four treatments with triamcinolone
acetonide and cryotherapy. Based on sonography, a total reduction in
scar height and reduction in scar depth was demonstrated. Both methods
correlated well with the injected amount of triamcinolone acetonide. In
addition, a positive correlation between well-established subjective and
objective evaluation methods was found. Conclusion: We demonstrate
that HD-OCT may be used as an objective diagnostic instrument to eval-
uate skin thickness under therapy for pathological scars, and serves as a
valuable adjunctive device in combination with ultrasound and subjective
evaluation tools. This provides additional information for the therapist
concerning the quality and success of the applied treatment.
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<markus.reinholz@med.uni-
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Key words: optical coherence tomography, non-invasive, hypertrophic
scar, keloid, objective measuring methods
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ypertrophic scars and keloids represent benign
fibrous tumours of the skin and are the result of a

I I synthesis [3]. While hypertrophic scars are limited to the
malfunctional wound healing process. As a result

original wound borders, keloids extend beyond the margins
of the original wound. Another essential difference between
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of a disturbed interaction between cytokines, cells, and
the surrounding extracellular matrix [1], pathological scars
appear thicker and more pigmented, and may accompany a
level of high vascularity and stiffness. The wound healing
cascade includes three phases: inflammation, proliferation,
and remodelling [2]. For excessive scarring, a prolonged
and disturbed inflammatory phase is held responsible and
the result is an increased formation and reduced degrada-
tion of the extracellular matrix [1]. Normal scar formation
includes the transformation from fibroblasts to myofibrob-
lasts, a process stimulated by TGF-B1 (transforming growth
factor 31). Myofibroblasts produce collagen and contain
actin filaments allowing for a contractile influence on the
reorganisation of the scar tissue. They play an important
role during wound healing, and their defective function
and their prolonged activation can induce connective tissue
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hypertrophic scars and keloids is the fact that a genetic pre-
disposition for the formation of keloids exists (more family
members of the patient may be afflicted by excessive scar-
ring) [4]. Both are commonly associated with pain and
pruritus. This leads patients to seek effective treatments.
The combination of cryotherapy and intralesional steroid
injections represents a well-established approach to reduce
excessive scar tissue and symptoms of hypertrophic scars
and keloids [5]. The injected corticosteroids not only have
an anti-inflammatory effect, but also help to reduce collagen
production and inhibit fibroblast proliferation. The effects
of cryotherapy are based on changes in microcirculation
with cold-induced alteration, thrombosis, and consecutive
ischaemic cell death [1]. The combination of both treat-
ments shows improved results compared to the respective
monotherapy [6].
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For clinical routine documentation of scar size and thick-
ness, photographic documentation, as well as standardised
questionnaires such as the “Patient and Observer Scar
Assessment Scale” (POSAS) [7] and the “Dermatology Life
Quality Index” (DLQI) [8], represent useful tools to moni-
tor treatment progress. In addition, high-resolution B-image
sonography may be used to objectively measure the ther-
apeutic success. Ultrasound measurement was reported to
show a good correlation with the used subjective assess-
ments [9]. However, high quality research regarding the
evaluation of pathological scar therapy is lacking.
HD-OCT, as an alternative non-invasive imaging method,
may complement sonography by improving resolution.
Besides the recent application in dermatology, it is already
widely established in ophthalmology [10]. Using HD-OCT,
it is possible to visualise the superficial skin layers; this is a
novel non-invasive imaging technique which has already
been used for a variety of new clinical indications to
support dermatological diagnosis, such as melanoma and
non-melanoma skin cancer, and inflammatory and parasitic
diseases of the skin [11-16]. In order to describe the process
of cell transformation in pathological scarring, it is critical
to first characterise clinically healthy skin using HD-OCT.
The use of HD-OCT in combination with ultrasound is
ideal; both methods are complementary concerning the
measured aspects. Whereas ultrasound is valuable in the
evaluation and measurement of total scar thickness, it is
possible to visualise the more superficial levels with high
accuracy using HD-OCT. Together, these methods may help
to better survey therapeutic approaches.

There are already reports on clinical assessment of human
burn scars using conventional OCT with respect to quan-
tification of vascularity [17, 18]. Ideally, the results of
non-invasive measurements should be coherent with sub-
jective assessments, such as the POSAS and the DLQI
[19, 20].

To further characterise the new imaging techniques and
draw comparisons with standard questionnaires, we applied
objective measuring tools and questionnaires in a pilot study
of eight patients.

Materials and methods

Patients and methods

This prospective pilot study included eight patients (four
women and four men), aged 23-78 years (average age:
47.9 £ 15.9 years) with hypertrophic scars and keloids. All
patients were Caucasian. After obtaining written informed
consent, the hypertrophic scars and keloids were evaluated
using HD-OCT during the first and last visit. In addi-
tion, we took sonographic images before each treatment.
The application of non-invasive diagnostics was approved
by the local ethics committee of the Ludwig-Maximilian-
University (Munich, Germany, Ref.-No. 138-09). Before
the injection of triamcinolone acetonide, cryotherapy was
performed using a spraying technique and was applied to
each scar for 5 to 10 seconds. In addition, a treatment with
different cumulative doses of crystalline triamcinolone ace-
tonide over an average of four treatments was initiated (in
total between 5.5 and 120 mg). The concentration of the
used crystalline triamcinolone acetonide was 40 mg/mL.

600  m—

High-definition optical coherence tomography
(HD-0OCT)

All scars were analysed using a commercially available
full-field HD-OCT system (Skintell®, AgfaHealthCare,
Belgium). The working principle is a “time domain” OCT
system including dynamic focus tracking. The light source
is a halogen lamp with a Gaussian filter and an ultra-
high bandwidth centred at 1,300 nm (infrared radiation).
This allows a high-depth resolution and no lateral crosstalk
(speckling). Instead of a point detector, an ultra-high-speed
infrared camera was used for HD-OCT. This camera pro-
vides a high scanning speed with HD-OCT, particularly in
the 3D mode, compared to conventional OCT. This system
offers two different imaging modes: a cross-sectional (slice)
mode and a horizontal (en-face) imaging mode. To evaluate
therapeutic success, HD-OCT was used in the horizon-
tal (en-face) and vertical (slice) imaging modes. Skintell®
enables a lateral and axial resolution of 3 pm, according to
the manufacturer’s instructions, and the penetration depth in
skin is about 570 wm, thus evaluation of the skin is possible
up to the superficial dermis.

Using an optical gel (Skintell optical gel, AgfaHealthCare,
Belgium) as coupling medium, the OCT probe can be
applied directly onto the skin. Each treatment included the
injection of triamcinolone acetonide at 40 mg and cryother-
apy, which was performed using a spraying technique and
applied to each scar for 5 to 10 seconds. Thereafter, images
of each scar were obtained using HD-OCT in the slice
and en-face mode beginning from the epidermis down to
the upper dermis. The scars were systematically evaluated
by HD-OCT in the en-face mode and epidermal thick-
ness and thickness of the superficial dermis were measured.
Furthermore, morphological criteria before and after treat-
ment were evaluated. The pictures taken by HD-OCT were
electronically protected and evaluated by an experienced
investigator (TvB). The improvement in HD-OCT for each
patient was correlated with the subjective outcome mea-
sured by the applied questionnaires (POSAS, DLQI).

Sonography

A high-resolution B-image sonogram of every patient was
taken before each treatment using an 11-Mhz receiving
transducer of Logiq P6 Pro (GE Healthcare, Solingen, Ger-
many). This method allows a good penetration depth of up
to 40 mm into the skin and a resolution of around 158 pm.
It has been successfully utilised for objectively measur-
ing pathological scars [21, 22]. The sonography images
were taken at each visit to observe therapeutic success. The
scars were measured at the broadest scar region with a ver-
tically set transducer, and under low pressure to prevent
compression of the scar tissue. The changes in sonogra-
phy were correlated for each patient with the subjective
outcome measured by the applied questionnaires (POSAS,
DLQI).

Digital photography

After obtaining written informed consent from each patient,
digital photographs were taken regularly by a professional
photographer to allow for visual assessment of the scars.

EJD, vol. 26, n° 6, November-December 2016



Copyright © 2017 John Libbey Eurotext. Téléchargé par NYU LANGONE MED CTR SCH OF MED HEALTH SCIENCES LIBRARY le 22/01/2017.

>

180 1 Hik
> T |
E 160 A
5 —T
=] |
= 140
%)
2 120 -
s
=
2 100 —I—
=
=2
£ 80
3
60 T T
before after

@}

300 A

270 -

240 —_

210 A

180

150 4 —_—

120 A J_

wm (thickness epidermis)

before after

B
Before therapy After therapy
103 80
152 123
138 71
121 74
123 66
103 92
100 69
152 71
D
Before therapy After therapy
204 149
296 241
253 117
209 201
189 175
149 132
284 184
232 195

Figure 1. The results based on HD-OCT showed an average overall thickness reduction of 23.1% in the epidermis (A) and
18.0%. in the dermis (B). The overall reduction in the thickness of epidermis decreased on average from 124 4+ 7.6 wm at Visit
1t0 94.0 & 12.0 wm at Visit 4 (> = 0.2416; p = 0.0531) (C). Similarly, the overall reduction in thickness of dermis (D), with
an average of 223.9 £ 19,0 um at the beginning of the therapy and 177.4 4 13.8 pm at the end of the treatment (1> = 0.2183;

p =0.0680), illustrates the therapeutic success.

Questionnaires

In order to evaluate the aesthetic and functional outcome of
the treatment of the pathological scars, every patient was
asked to complete the above-mentioned questionnaires at
all visits.

POSAS

The “Patient and Observer Scar Assessment Scale”
(POSAS) consists of two parts; one for the patient (Patient
scale; POSAS Patient) and one for the physician (Observer
scale; POSAS Observer). Both contain six items on a
10-point rating scale and an extra category “Overall Opin-
ion”. All characteristic features of the pathological scars
are covered by the questionnaire: vascularity, pigmenta-
tion disorders, relief/texture, thickness, pliability, surface
area, pain, and itching/pruritus. The latter items, in par-
ticular, concern the well-being of the patients. POSAS is
an adequate tool to objectively measure scar quality and
therapeutic success of the applied scar treatment [7, 23-26].

DLQI

The “Dermatology Life Quality Index” consists of 10 ques-
tions which relate to, for example, pain and itch, perception
of disease, daily activities, work, personal relationships,

EJD, vol. 26, n° 6, November-December 2016

self-consciousness and beyond, and partnerships and sex
life. It has been used for the analysis of quality of life
impairments caused by over 40 different skin conditions [8].

Data analysis

The results are displayed as mean & standard deviation
(SD). Statistical significance of the results was calcu-
lated using the Students T-Test; oo was set at 0.05. For
evaluation of the subjective assessments (POSAS and
DLQI), the Wilcoxon matched pairs test was used with
the same p = 0.05 significance; this was used to compare
mean -+ standard deviations from each column. In addition,
for correlation analysis, linear regression with the r square
test was performed (*equates p = 0.05 significance level).
All statistics were performed using the GraphPad Prism
5 Software (GraphPad Software Inc, La Jolla, CA 92037,
USA).

Results

High-definition optical coherence tomography
(HD-OCT)

The measurement of epidermal and dermal thickness using
HD-OCT, before and after treatment, showed a total average

— 001
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Figure 2. Based on the slice mode using HD-OCT (upper
part), a reduction in epidermal and superficial dermal thick-
ness (yellow double arrow) was observed following treatment,
consistent with the clinical image (figure 5); (A, B) before
treatment and (C, D) after treatment (e: epidermis; sd: super-
ficial dermis). In the corresponding en-face HD-OCT image
(lower part), differences in the morphological architecture,
such as reduction in bright inflammatory cells (circle) and
signal enhancement of the fibrous tissue (arrow), are found.

decrease in epidermal thickness from 124.0 wm to 94.0 wm
(figures 1A, B) (decrease of 23.1%) and a mean reduction in
the visible superficial dermal thickness, from 223.9 pwm to
177.4 pm (a decrease of 18.0%), could be detected (figures
1C, D).

For the HD-OCT evaluation of morphological changes
of the scars, pre- and post-treatment, the following crite-
ria were defined and evaluated: presence of large, bright
cells with dark nucleus in the superficial dermis; icicle-
shaped papillomatosis with broadening of the epidermis;
thin and wave-like rete-ridges; signal-poor superficial der-
mis; signal-intense collagen network; straight and even
epidermis; and wavy epidermis.

The pre-treatment scars showed the presence of large, bright
cells with dark nuclei in the superficial dermis, compatible
with inflammatory cells or pigmented cells in 8/8 cases
(figure 2A) versus 7/8 post-treatment scars (figure 2C). In
two scars, these cells were even more prominent after treat-
ment than before.

In 6/8 scars, an icicle-shaped papillomatosis was present
which resolved into more wave-like rete ridges after treat-
ment in 8/8 cases. There was often a very poor signal in
the superficial dermis before treatment (7/8) (figure 2B),
which became more signal-intense after treatment (7/8)
(figure 2D). This might be due to the thinning of the
epidermis after treatment with consecutive signal enhance-
ment in the superficial dermis. In half of the pre-treatment

scars, the epidermis was straight and even (4/8), whereas
post-treatment, 6/8 scars showed a more uneven and wavy
epidermis (6/8).

Sonography

Sonographic measurements demonstrated an average
reduction of 39.6% and 39.7% in overall scar height and
depth, respectively, after four treatments with triamcinolone
acetonide in combination with cryotherapy. For sonogra-
phy, the echo-poor areas in the centre of the scar disappeared
during therapy (figure 3A). The sonographic image showed
more echo-rich reflections over the course of treatment
and appeared more similar to normal skin (figure 3B).
The reduction in scar height significantly correlated with
injected amount of triamcinolone acetonide, and the overall
reduction was highly significant (> = 0.6882; p = 0.0109)

(figure 4).

Digital photography

Visual observation of the collected photographic data
showed a reduction in the elevation of scars with treatment.
In addition, the reddish aspect improved. No quantifica-
tion or correlation was possible for the applied amount
of triamcinolone acetonide using this measuring method

(figure 5).

Questionnaires

Figure 6 shows an overview of the results of the applied
questionnaires. As we only observed eight patients with
hypertrophic scars and keloids, the analysis of our data was
limited to identifying trends. The total score of the DLQI
corresponds to overall patient physical and psychological
daily-life impairments. The DLQI showed an improvement
in life quality, from an average total score of 6.1 points at
the first visit to an average of only 3.3 points (figure 6A).
Results for total score of DLQI, comparing between the first
and last visit, were significant (p = 0.0355).

The applied POSAS questionnaire showed an obvious
reduction in pain and itch, both of which are the most
frequent symptoms of pathological scarring. The category
“painful last week” showed a steady decrease over treat-
ment with triamcinolone and cryotherapy, with an average
of 5.4 points at baseline, 4.3 after the second visit, and 2.9
points after the fourth visit (figure 6B). Even though the
results were not significant (p = 0.0579), they showed a
clear positive trend. The same could be observed for “itch-
ing last week”. We found a decline from an average of 7.1
points at the beginning of the therapy to an average of only
4.1 points (figure 6C), and the results based on a comparison
between Visit 1 to Visit 4 were significant (p = 0.0313).
Similar trends could be found for the POSAS Observer
assessment as well. The item “pliability” of the scar might
be helpful for measuring the success of the treatment with
intralesional corticosteroid due to the fact that triamci-
nolone has a softening effect on the hypertrophic scar or
keloid. We measured an average of 6.6 points at Visit 1. At
Visit 4, the observed pliability decreased to an average of
3.3 points (figure 6D). These results were also significant
(p =0.0199).
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Figure 3. Based on sonography, two effects of scarring were observed in response to applied treatment: a reduction in total
depth, as well as intracutaneous depth, in addition to reduction in height over the course of the treatment; untreated scar (A) and

hypertrophic scar after four treatments of applied therapy (B).
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Figure 4. Based on sonography, a total average reduction in scar height of 39.6% (A) and depth of 39.7% (B) was observed.
Furthermore, a significant correlation between the injected amount of triamcinolone acetonide and the decrease in scar height

(2 = 0.6882; p = 0.0109) was identified.

Correlation between objective and subjective
evaluation methods

The subjective evaluation based on POSAS (categories
“painful last week”, “itching last week”, and “overall
opinion”) correlated significantly with a reduction in scar
height based on sonography (p = 0.0281 and r*> = 0.2292)
(figure 7A). A correlation with the objective improvement,
captured by non-invasive HD-OCT and sonography, was
clearly present (figures 7B, C).

Interestingly, even though a strong objective decrease in
the thickness of the epidermis and dermis was observed,
the patients’ subjective improvement of life quality was
not significant (figure 8§). We evaluated the correlation
between the sonographic reduction in scar height and the
overall decrease of points based on the DLQI (figure 8A)
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(p=0.9214; 2= 0.00215). For the overall decrease of points
for the DLQI, there was a clear correlation with a reduc-
tion in thickness of the dermis (figure 8C) (p = 0.1986;
12 = 0.3050). The decrease in thickness of the epidermis
did not correlate with the results of the DLQI (figure 8B)
(p = 0.9446; r*> = 0.00107).

Discussion

Evaluating the therapeutic success of scar therapy rep-
resents an important issue and still constitutes a great
challenge. Presently, questionnaires, such as POSAS, are
commonly used to quantify the patient’s and observer’s
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Figure 5. Compared to the initial digital photograph before treatment (A, B), a clear improvement and reduction in scar height

and volume was observed after four treatments (C, D).

impression. As they are highly subjective, new objective
measurements are warranted [27]. In addition, a variety
of different non-invasive technical measuring methods are
available (ultrasound, PRIMOS) [27]. However, for all of
these, either only the extra-dermal elevation of the scar
lesion is assessed or the resolution is too low to detect
changes on a cellular level.

Here, we have evaluated the novel non-invasive HD-OCT
technique, in comparison to other objective measur-
ing/documentation methods, such as ultrasound or common
digital photography, over time. HD-OCT offers resolution
comparable to histological examination, and allows for
detection of changes on an almost cellular level. In the
present literature, only untreated scars have been evaluated
by conventional OCT [8, 12, 18]. Furthermore, HD-OCT
has been used to define inflammatory and neoplastic dis-
eases, such as basal cell carcinoma. [13]. For the first time,
we have employed HD-OCT for the evaluation of hyper-
trophic scars and keloids over the course of treatment and
correlated these results with ultrasound examination and the
commonly applied questionnaires for skin diseases (DLQI)
and scars (POSAS). Since the HD-OCT has a limited tis-
sue penetration, we decided to only utilise it for smaller scar
lesions.

Within our study, we could demonstrate that HD-OCT
represents an appropriate tool to characterise differences
in epidermal and dermal alterations upon scar treatment.
HD-OCT revealed a reduction in epidermal and dermal
height after treatment compared to baseline (figure 2). These
changes could be observed due to the high resolution offered
by HD-OCT. Furthermore, the evaluation of morphologi-
cal changes by HD-OCT even revealed small differences in
scar tissue. Through this evaluation, a trend and estimation
of the future therapeutic success of an applied treatment
might be projected and an early therapeutic switch could
be performed in non-responders.

As epidermal and dermal alterations are associated with
scar severity and symptoms, such as itch and pain [28-30],
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it might be crucial to characterise the thickness of these lay-
ers during scar therapy in order to evaluate the therapeutic
response. Indeed, It has been demonstrated that increased
dermal thickness is a risk factor for wide scar formation
[29]. Furthermore, it has been revealed that increased scar
thickness is correlated with more severe pruritus. In addi-
tion, the stiffness of the scar and the corresponding pain
appeared to be associated with the condition of the tis-
sue [28]. A reduction in skin thickness, which is correlated
with reduced subjective symptoms, might possibly be due
to a reduced inflammatory activity of the keratinocytes,
and the reduced epidermal thickness a result of the anti-
inflammatory treatment with triamcinolone acetonide [30].
In addition, the thinning of the epidermis after treatment
with consecutive signal enhancement in the superficial der-
mis, as well as transformation to a more uneven and wavy
epidermis in six of eight cases, might be produced by a
decrease in stiffness and normalisation of the epidermal
structure (figure 2) [28, 30]. Moreover the increased sig-
nal enhancement at the dermal/epidermal border might be
due to collagen remodelling [31]. Ishiko et al. reported
that the elastic fibres were deficient in the extracellular
matrix of keloids and the amount of elastic fibres could be
restored through successful treatment [32]. Furthermore,
several research groups found that keloid tissue had higher
water content than uninjured skin [32], and the amount of
water increased with the severity of keloid lesions [31].

Hsu et al. demonstrated that the water content was markedly
reduced in the group of keloid with good therapeutic
response, but not in the group with poor therapeutic
response [31]. Thus, one might speculate that the observed
increased signal intensity in our study was due to the change
in optical density caused by a reduced water concentration.
As shown by our data, there is a correlation between
epidermal, dermal and total thickness and subjective
improvement. Even if the correlation is only significant for
total scar height, it shows a trend in epidermal and der-
mal thickness. The decrease of epidermis, dermis, and total
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Figure 6. For the DLQI (A), the total average score at Visit 1 was 6.14, at Visit 2 this descended to 4.86, at Visit 3 4.0 points,
and at the last visit evaluated patients only had an average of 3.29 points in total (p = 0.0355). For POSAS Patient (B), the item
“painful last week” was evaluated with an average of 5.43 points at Visit 1, 4.29 points at Visit 2, 3.29 points at Visit 3, and 2.86
points at the last visit (p = 0.0579). For the item “itching last week” (C), the observed patients had an average of 7.14 points at
Visit 1, 5.86 points at Visit 2, 5 points at Visit 3, and 4.14 points at Visit 4 (p = 0.0313). The POSAS Observer (D) showed an
average of 6.57 points in “pliability” for the first visit, 5.57 for Visit 2, 4.57 for Visit 3, and lastly only 3.29 points after Visit 4,
following four treatments of triamcinolone and cryotherapy (p = 0.0199).

scar height might be a predictive tool, to determine future
decrease of the scar size and height, as well as subjective
symptoms, such as itch and pain [28-30].

Sonography is an established technique to measure skin
changes and has also been applied to measure scars
[21, 22, 33]. Sonography has a better penetration depth
compared to HD-OCT, but a lower resolution. Here, we
could show a reduction in total scar height in a triamci-
nolone acetonide- and cryotherapy-treated scar (figure 3).
We used the 11-MHz receiving transducer to provide both
a high resolution, as well as an appropriate penetration
depth into the skin. A high-resolution 20-MHz ultrasound
system might be preferred for better resolution. Since the
sonographic and HD-OCT data were compared, we chose
the 11-MHz to provide deeper penetration into skin. If
only ultrasound is applied, the 20-MHz ultrasound sys-
tem might be the better choice. However, we could confirm
that sonography might be a promising diagnostic tool to
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systematically evaluate the therapeutic success of new treat-
ments for scars. It is highly reproducible, simple to use, and
objective, compared to the standard evaluation by question-
naires.

The main difference between HD-OCT and ultrasound in
the evaluation of scars lies in the resolution and penetration
depths. For ultrasound, a total thickness measurement of the
hypoechogenic scar is possible, but no epidermal changes
are visible. Here, in addition, the HD-OCT allows epider-
mal and superficial dermal components to be also evaluated
and measured to a certain extent on a cellular level.
Finally, we conclude that both objective measuring meth-
ods complement each other in an optimal way. HD-OCT
is a practical tool for treatment monitoring of patho-
logical scars. Nevertheless, subjective evaluation through
questionnaires is needed in order to allow for a comprehen-
sive clinical evaluation and standardised evaluation of the
patient’s satisfaction of the scar treatment (figure 6).
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Figure 8. The reduction in scar height based on sonography was similar to the overall decrease of points based on the DLQI (A)
(p =0.9214; r*> = 0.0022); a correlation was not apparent for the reduction in thickness of epidermis (B) (p = 0.9446; > = 0.0011).
HD-OCT data and total DLQI score showed a clear trend towards a decrease in the thickness of the dermis (C) (p = 0.1986;

12 = 0.3050).

The objective assessment of pathological scarring is cru-
cial in evaluating the clinical response to different therapies.
The non-invasive objective measurement methods will help
to compare and assess different therapeutic regimes, thus
facilitating the best individual treatment choice for each
patient. It will also be possible to define whether a thera-
peutic approach has to be changed because the patient does
not respond adequately. A major problem in scar therapy
is that scar tissue responds (even intraindividually) very
differently. This is why some patients might benefit from
different therapeutic approaches. It is therefore necessary to
determine whether a patient is eliglible for a specific ther-
apy and whether the patient might respond positively to the
applied therapy.

Since our study was only performed with a relatively small
group of Caucasian patients, there are clearly limitations.
Indeed, findings will have to be confirmed using a larger
patient population, including subjects from other ethnic
groups. Also, all of our patients showed a good clinical
response to the applied treatment. Thus, in our study, dif-
ferentiation between non-responders and responders using
HD-OCT or ultrasound was not possible.

Non-invasive imaging is, to date, not always available in
every dermatological practice or clinic, as the devices are
still expensive, leading to high examination costs.

On the other hand, it is a safe, fast, and easy-to-use
method that offers a level of detail for scar documenta-
tion that is similar to histopathological examination. In the
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future, modern imaging in dermatological practice might
become more cost-effective through greater popularity and
wide-spread application. In addition, through technological
progress to increase resolution, the method may become
more sensitive in the future. In particular, the combina-
tion of established subjective assessments and non-invasive
imaging methods, such as innovative HD-OCT and estab-
lished sonography, may lead to a better assessment and
evaluation of scar therapy, particularly suited to studies in
which minor differences may play significant roles. Despite
our promising results, further research on a larger cohort of
patients to confirm this data is needed.

Conclusion

In summary, sonography is an appropriate tool to mea-
sure the height of the scar, but due to a lack of resolution,
the assessment of microscopic morphological structures or
details, such as the epidermal/dermal layer, is not possible.
HD-OCT imaging offers additional levels of detail, namely
a much lower penetration depth compared to ultrasound,
but can depict morphological structures, the epidermal and
dermal layers, and even collagen fibres. This is why the
combination of both HD-OCT and sonography may be
used in a synergistic fashion for the evaluation of thera-
peutic success after intralesional triamcinolone acetonide
and cryotherapy.

This leads to additional objective information for the ther-
apist concerning the quality and success of the applied
treatment. In particular, in combination with established
subjective assessments, such as applied questionnaires and
high-resolution sonography, HD-OCT will complete the
clinical monitoring of scar therapy. With the application
of all known and established subjective and objective eval-
uation methods, the therapeutic success of the applied
treatment cannot only be demonstrated, but also compared
with regards to different treatments. It may eventually
become possible to predict treatment results, as well as
therapy failure, by defining objective criteria using the HD-
OCT. This enlarges the range of application for HD-OCT
[21, 29, 32]. However, due to the small and heterogeneous
observation group and the fact that all patients responded
to the treatment, no HD-OCT score concerning therapeutic
outcome could be developed. Therefore, a larger cohort of
patients should be evaluated to confirm our promising data
with a view to creating a scoring system. Hl
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Evaluating the Therapeutic Success of Keloids Treated
With Cryotherapy and Intralesional Corticosteroids Using
Noninvasive Objective Measures

HANNAH SCHWAIGER, MD,* MARkUs REINHOLZ, MD,* JuLIAN POETSCHKE, MD,!
Traomas Ruzicka, MD,* AND GERD GAuGLITZ, MD, MMS*

BACKGROUND Intralesional corticosteroid injections combined with cryotherapy are considered a first-line
therapy for keloids. However, objective evaluation on its efficacy is widely missing.

OBJECTIVE In this study, the authors evaluated the therapeutic benefits of cryotherapy directly followed by
intralesional crystalline triamcinolone acetonide injections using ultrasound and a 3D topographic imaging
device.

MATERIALS AND METHODS Fifteen patients with keloids were treated with cryotherapy and intralesional
injections of triamcinolone acetonide for a total of 4 times at intervals of 4 weeks. Objective assessment was
performed at each visit.

RESULTS After the last treatment, a significant average reduction of scar volume of 34.3% and an average
decrease in scar height of 41.3% as determined by 3D imaging was observed compared with baseline.
Ultrasound revealed an average reduction of scar height of 31.7% and an average decrease in tissue pene-
tration depth of 37.8% when compared with baseline measurements.

CONCLUSION Objective measurements of relevant keloid characteristics as height, volume, and penetration
depth help in quantifying the therapeutic effect. The observed results confirm that intralesional injections of
crystalline triamcinolone acetonide combined with cryotherapy represent a powerful approach to reduce scar

height and volume significantly.

The authors have indicated no significant interest with commercial supporters.

xcessive scarring is aesthetically disturbing and

frequently represents a psychosocial burden for
affected patients.” As keloids often go along with
pruritus, contractures, and pain, the need for
treatment is apparent and not solely based on cosmetic
reasoning.” Keloids are benign hyperproliferations of
dermal connective tissue. Injury of the deep dermis
commonly results in scar formation. The physiologic
wound healing cascade consists of inflammation,
proliferation, and a remodeling phase.>~ In
pathologic scar formation, a prolonged inflammatory
phase and some molecular alterations concerning
inflammatory pathways are held responsible for
excessive scarring.®’” Keloids commonly appear on the

upper trunk, and, in contrast to hypertrophic scars,
which may show a similar appearance, they exceed the
margins of the original wound. Keloids can occur
spontaneously but often show a genetic
predisposition. Asian or African individuals are more
prone to develop keloids.®™! Usually, keloid treatment
remains more challenging compared with the therapy
of hypertrophic scars because keloids are associated
with a high recurrence rate and show no tendency to
regress spontaneously.”

Over the years, therapeutic approaches to treat

excessive scarring have significantly improved.'*'*

Common therapeutic strategies include silicone gel
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OBJECTIVE EVALUATION OF CORTICOSTEROID TREATMENT OF KELOIDS

sheeting, pressure therapy, radiation, and cryosur-
gery.""'” New treatment options are intralesional
injections of S-fluorouracil, interferon, and bleomycin

10.18,19 55 well as

for therapy-refractory scars
nonablative and ablative lasers.**" In clinical
practice, the injection of crystalline glucocorticoids
alone or in combination with cryotherapy represents
a well-proven therapy.'****** Combinational
approaches seem to be superior®® than respective
monotherapies. It is assumed that cryotherapy induces
changes in microcirculation and apoptosis of
fibroblasts in treated scars."® This procedure results in
a localized dermal edema, which facilitates injections
into the scar tissue as larger volumes can be applied
more easily, thus enhancing the therapeutic effect.'’
Common side effects of cryotherapy are pain, a pro-
longed healing time because of the induced blistering,
and potential depigmentation.'* Triamcinolone
acetonide reduces scar thickness by inhibition of the
collagen biosynthesis and the proliferation of
fibroblasts. Potential side effects include atrophy of the
subcutis, the formation of telangiectasia, and
pigmentary alterations.>

To date, a variety of articles and studies to evaluate
different therapeutic approaches for excessive scarring
exist. However, most of them use rather subjective
measurements to document therapeutic improve-
ments of respective scar therapies. Nevertheless, over
the last decade, various studies have highlighted
ultrasound as an objective tool to determine changes in
scar size.**** More recently, the application of an 3D
topographic imaging devices (PRIMOSP<°) has also
been studied in this context.?'>> Based on current data,
both tools seem reliable to deliver objective data on

changes of physical scar characteristics.*”*?

Although combination of cryotherapy and intrale-
sional triamcinolone acetonide represents a frequently
used technique for the treatment of keloids and has
been highlighted as a promising approach in current
guidelines, only 4 studies exist on its combina-
tion.>***3¢ All of them confirmed the effectiveness of
intralesional corticosteroids combined with cryother-
apy, but none of them applied modern objective
measurement methods to assess the therapeutic
success. Furthermore, treatment regimens varied,

DERMATOLOGIC SURGERY

and patients were evaluated before and at the end of
treatment, without information on treatment prog-
ress. Other studies did not differentiate between
hypertrophic scars and keloids. In this study, the
authors therefore aimed to evaluate the therapeutic
outcome of the guideline-based combination of
cryotherapy and corticosteroid injections for keloid
treatment using both modern objective imaging
solutions.

Materials and Methods

Patients

Fifteen patients were included from the outpatient
scar clinic (7 women, 8 men) aged 18 to 54 years
(34.5 = 12.5 years) with medium-sized keloids, as
defined by common diagnostic criteria,” which had
existed for an average of 7.8 years (*+5.3 years).
Fitzpatrick skin types ranged from II to IV. Keloids
either after trauma, surgery, acne, or by spontaneous
formation were located mainly on the upper trunk
(Table 1). Most patients had treatments in the past,
which mainly included moisturizers such as silicones,
cryotherapy alone, or laser, which were either unsuc-
cessful or led to a regress of keloid formation. The
patients were enrolled after approval by the Ethics
Committee of the Ludwig-Maximilian University, and
written informed consent from each patient was
obtained. Exclusion criteria were pregnancy, intrale-
sional injections of corticosteroids during the last 6
months, chronic diseases such as diabetes or coagu-
lopathies, and participation in other studies.

Patients were treated 4 times with cryotherapy directly
followed by intralesional injections of triamcinolone
acetonide into each scar at monthly intervals. Stan-
dardization of injection techniques was based on the
authors’ clinical settings and obtained by using the
same drug, same needle size (27 Gauge), and same
brand of Luer-lock syringes for injections. Keloids
were injected by the same experienced physician at
each visit. Injection volumes were depending on the
size of the keloid and were carefully documented;

a visible blanching of the keloid tissue was considered
as end points of injections. In accordance with other
studies, national and international guidelines
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TABLE 1. Patient Characteristics

Scar  Family History of Previous
Patient Sex Age Skin Type Etiology Location Age Keloids Treatment
1 M 21 Il Trauma Shoulder/back/ 1145, - None
breast

2 M 48 1 Surgery Breast 4 = None
3 F 48 Il Surgery Breast 10 = Moisturizing,

silicone
4 M 34 \ Spontaneous Shoulder/arms 23 = None
5 F 21 1 Surgery Back/shoulder 2 = Surgical excision
6 F 46 1 Surgery Back/breast 7 = Moisturizing
7 M 45 Il Trauma Breast/shoulder 10 = None
8 M 34 I\ Spontaneous Breast 16 = None
9 M 29 1 Acne Back 4.5 = Moisturizing,

cryotherapy
10 F 50 Il Surgery Breast/shoulder 4 + Moisturizing
11 F 28 ] Surgery Neck 2 + Moisturizing
12 M 54 1] Surgery Breast 12 Moisturizing
13 F 20 1 Acne Shoulder/back/ b + Moisturizing

breast
14 F 18 1 Spontaneous Shoulder 2 = Moisturizing, laser
15 M 21 1 Spontaneous Shoulder 2 = Moisturizing
treatment was initiated with triamcinolone acetonide =~ Sonography

concentrations of 10 mg/mL, which were increased up
to 40 mg/mL at subsequent visits.**3” Directly before
injection, cryotherapy was applied with liquid nitro-
gen spray for 10 seconds and the exact same procedure
was repeated after 1 minute. Ultrasound and 3D
topographic imaging measurements were performed
directly before the respective treatment by the same
investigator.

3D Topographic Imaging Device: Phase Shift
Rapid In Vivo Measurement of
Skin (PRIMOSPico)

To provide 3-dimensional and high-resolution images
of the scars, the PRIMOSPi® system (GFMesstechnik,
Teltow, Germany) was used. The device is commonly
applied to measure wrinkles.**”-*% Furthermore, it is
highly suitable to assess pathologic scarring.?>*3 Using
micromirrors, this 3D topographic imaging device
projects a stripe pattern with sinusoidal gray levels,
which is captured by a CCD camera. Measuring the
gray levels and displacement of this stripe pattern
creates a detailed and color-coded height map of the
measured surface. These height maps were used to
analyze scar height and volume.

Scars were assessed during each visit by using a high-
resolution B-image sonogram. To ensure a good
penetration depth into the scar combined with a high
resolution, a 11-MHz receiving transducer was used in
combination with the Logiq P6 Pro (GE Healthcare,
Solingen, Germany) and a sufficient amount of ultra-
sound gel was applied to avoid pressure on the scar,
which may influence measurement. According to the
manufacturer, this configuration yields a skin pene-
tration depth of up to 40 mm and a lateral resolution of
about 158 pm. Sonography was used to analyze scar
elevation and cutaneous penetration.

Digital Photography

Digital photography was used to document the ther-
apeutic success. A professional in-house photographer
took photos during each visit after obtaining addi-
tional written informed consent for this procedure
from each patient. Photography was not standardized
between visits within the study limitations section.

Data Analysis

Statistical analyses were performed using the
GraphPad Prism 5 Software (GraphPad Software,
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Inc., La Jolla, CA). The data were first analyzed for
Gaussian distribution using the D’Agostino and
Pearson omnibus normality test. After establishing
Gaussian distribution of data, the repeated-measures
ANOVA was applied to calculate statistical
significance of the results, which were displayed as
mean * SD. To compare the results of each visit in
detail, Bonferroni’s Multiple Comparison Test was
used. The significance level was set at « = 0.05.

Results

The authors evaluated the therapeutic progress of
triamcinolone acetonide injections in combination
with cryotherapy in a total of 15 patients during each
visit directly before the respective treatment. In addi-
tion, adverse events and side effects were documented:
8 patients developed telangiectasia, 4 of them showed
pigmentation disorders such as reddish brown
discoloration of the keloid, and one suffered from
temporary ulceration after the fourth injection. The
obtained results regarding injected amount of
triamcinolone acetonide were evaluated for each visit

TABLE 2. Evaluation of Injected Volumes of
Triamcinolone Acetonide and Absolute

Measurement Results of Scar Height, Volume,
and Penetration Depth

Absolute
Results

Injected amount of TAC in n= 15
keloids

At Visit I: 10-20 mg/mL
At Visit Il: 10-20-40 mg/mL
At Visit lll + IV: 20-40 mg/mL

Visit I: 0.9 = 0.6 mL
Visit II: 0.9 = 0.7 mL
Visit 1ll: 0.4 = 0.3 mL
Visit IV: 0.5 = 0.3 mL
Average height = SD

Before 3.2 £1.2mm

After 2.2 = 1.2 mm
Average volume = SD

Before 737 = 417 mm?3

After 443 = 345 mm?3
Average embossment = SD

Before 25 * 1.5 mm

After 1.7 £ 1.3 mm
Average penetration depth = SD

Before 2.0 = 1.3 mm

After 1.4 £ 1.2 mm

TAC, triamcinolone acetonide.

DERMATOLOGIC SURGERY

(Table 2). For the first and the second injection, the
amount of triamcinolone acetonide averaged 0.9 mL
(0.6 mL for the first injection and +0.7 mL for the
second injection) for each keloid and decreased to
0.4 mL (£0.3 mL) of injected triamcinolone acetonide
at the third visit. At Visit 4, an average amount of
0.5 mL (0.3 mL) triamcinolone acetonide was
injected. The decreased amount of crystalline corti-
costeroid throughout the treatment session resulted
from the reduced scar volume.

Digital Photography

Visual assessment of photographs taken before and
after treatment showed clear improvement of scar
volume and circumference objectively interpreted by
a blinded rater (Figure 1).

3D Topographic Imaging Device

In matching mode, a program of the used 3D topo-
graphic imaging device, a comparison of the scar
before (Figure 2A) and after treatment (Figure 2B) is
possible. A highly significant (p <.0001) reduction of
surface height after 4 treatment sessions could be
observed (Figure 3A). After the first treatment and
before the second intervention, the scar elevation was
reduced significantly by 18.3% (+15.1%) (p =.0143)
compared with baseline. Subsequent documentation
showed a reduction of 29.9% (£17.9%) (p = .2258)
after the second, 37.8% (+£19.9%) (p = .3391) after
the third, and 41.3% (+20.6%) (p = .2075) after the
fourth treatment session compared with baseline
(Figure 3B). These results were proportional to the
calculated loss of volume of the scar during treatment
with triamcinolone acetonide injections (Figure 3C).
After the first injection, the average volume was
reduced by 13.1% (£10.3%) (p = .017), after the
second by 21.7% (+14.0%) (p = .4602), and after the
third injection by 30.5% (£16.9%) (p =.5011). By the
fourth visit, the relative decrease of height and volume
was 34.3% (£18.0%) (p = .4799) compared with
baseline (Figure 3D).

Sonography

Ultrasound measurements demonstrated a significant
reduction of scar elevation, penetration depth and
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Figure 1. Digital photography of Patient 15 (A and B), Patient 5 (C and D), and Patient 13 (E and F) with keloid before (A, C,
and E) and after (B, D, and F) 4 injections of triamcinolone acetonide in combination with cryotherapy.

volume, as well as a reduction of echo-poor areas
corresponding to collagen-rich scar tissue (Figure 4A).
As treatment progressed, more echo-rich reflections
became visible in the sonogram indicating a trans-
formation into more homogeneous scar tissue
(Figure 4B). By sonography, a decrease of scar height
(Figure 5A) and intracutaneous infiltration

(Figure 5C) could be demonstrated. After one treat-
ment, an average reduction of scar height of 12.9%
(=14.8%) (p = .0134) was observed, after 2 injections
19.8% (£15.9%) (p = .0489), after 3 treatments
26.7% (+18.6%) (p = .1993), and after 4 injections
31.7% (£19.9%) (p = .3992) compared with baseline
(Figure 5B). The reduction in subepidermal depth of

50

Figure 2. The skin-tone and color-height-encoded images were taken with the 3D topographic imaging device PRIMOSPico
using the matching program mode. Patient 2—native scar (A)—was treated 4 times with cryotherapy and triamcinolone

acetonide injections (B).
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Figure 3. Absolute reduction of surface height (A) and volume (C) as well as the relative results of the reduction of scar

height (B) and volume (D) as measured with PRIMQSPico,

the scar after one injection was 15.5% (=12.0%)
(p=.0018) and after 2 interventions 25.0% (+15.4%)
(p=.1438). An average reduction of 33.2% (+17.4%)
(p=.1466) after 3and of 37.8% (=16.7%) (p=.1723)
after 4 injections could be observed (Figure 5D).

Discussion

In this study, the authors aimed to objectively evaluate
treatment success of the guideline-based combina-
tional therapy of cryotherapy and triamcinolone ace-
tonide injections™'* for the treatment of keloids by
using a 3D topographic imaging device and ultra-
sound. Based on objective measurements, a significant
average reduction of scar volume of 34.3% and an
average decrease in scar height of 41.3% as deter-
mined by 3D imaging was observed after a total of 4

treatment sessions compared with baseline. Ultra-
sound revealed an average reduction of scar height of
31.7% and an average decrease in tissue penetration
depth of 37.8% when compared with baseline meas-
urements. More specifically, 5 of 15 patients reached
an average reduction of scar height and volume of
50% or more after 4 treatment series. An average
reduction between 50% and 20% could be observed
in 5 patients. The remaining 5 patients did not achieve
asufficient reduction of volume and height and defined
as average reduction by 20% or less after 4 injections
of triamcinolone acetonide combined with cryother-
apy. Based on their observation, a reduction of scar
height by 20% or less after 2 treatment periods con-
stitutes an adequate objective criterion to define
resistance to therapy. Treatments within their study
were tolerated relatively well although intralesional

Figure 4. Ultrasound images of Patient 9 in measuring mode before (A) and after (B) treatment. Clearly visible in the
reduction of embossment and penetration depth. In addition, a decrease of the darker areas before therapy to a more
homogeneous scar tissue after 4 injections of triamcinolone acetonide and cryotherapy is apparent.

DERMATOLOGIC SURGERY
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the skin (D).

corticosteroid injections have shown side effects in up
to 63% of patients.'” Adverse events in their setting
mostly included formation of telangiectasia (7 = 8),
which may be easily improved by pulsed dye lasers or
intense pulsed light.

In depth, assessment of scar therapy is crucial to pre-
vent the implementation of treatment regimen with

a considerable risk of side effects, disproportionate to
the achieved therapeutic success.

Intralesional corticosteroid injections with supple-
mentary cryotherapy are first-line therapy for the
treatment of keloids.>*° In 1977, the combination of
corticosteroids and cryosurgery was introduced and
detailed information on the method provided.*®
Despite the lack of objective parameters, the promis-
ing results led to the establishment of this method.
Injections are recommended for at least 3 courses® or
until complete flattening of the scar is reached. A
maximum of § injections has been proposed.*”** An
interindividual controlled study with 10 patients using
calipers and digital photography was performed to
determine the effect of cryotherapy and corticosteroid
injections in keloids.*> A more objective assessment

: they
took a wax pattern of alginate impressions of each

method was used in a study of 33 patients®

keloid to observe changes in volume and surface of the
keloids. Patients were treated only once with either

cryotherapy or corticosteroid injections alone or their
combination. The results of combination therapy were
significantly better than either method alone, so the
authors proposed synergistic effect of cryotherapy and
intralesional triamcinolone acetonide. The latest study
on 21 patients was published in 2008 and compared
the therapeutic outcome of either cryotherapy or cor-
ticosteroid injections into the keloid alone with the
combination of both.** A visual analog scale was used
to evaluate the treatment results, which concluded that
the combination therapy was superior.
Current guidelines for scar therapy*>'® mention

a response rate, which varies between 50% and 100%
and a recurrence rate between 9% and 50% according
to meta-analysis.*'* These data are based on studies,
which applied different treatment regimens and
diverse evaluation methods—neither objective mea-
surement methods have been applied nor the combi-
nation of cryotherapy and corticosteroid injections
into the keloid has been evaluated. The 4 studies,
which observed the therapy results of corticosteroid
injections alone, were performed in the 1970s or
before.**** Newer study approaches have not yet been
included in current publications. Also, some studies
did not differentiate between keloids and hypertrophic
scars. As the latter commonly regress spontaneously,*
a definite conclusion about the recurrence rate of
enhanced scar formation cannot be made. The wide
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fluctuation of response and recurrence rates is not only
due to the various study approaches but also illustrates
that every scar requires an individualized treatment.
A standard approach still does not exist. The updated
international guidelines for scar therapy, therefore,
favor a combination approach with multiple
modalities.*®

With modern 3D topographic imaging device height,
volume and surface of the scar can be objectively
documented and compared with a baseline measure-
ment. The 3D topographic imaging devices as the
PRIMOSPic© have already provided solid data and
valid results in studies evaluating the therapy of
hypertrophic scars, keloids, acne scars, and striae
distensae.?-*¢-31-32:38 The various presentation modes
are helpful for the 3-dimensional demonstration of the
treatment progress. The safe and easy handling makes
it a promising tool in clinical scar examination. It is
well-suitable for small to medium scars, but in case of
extended keloid formation, the 3D imaging unit’s field
of view may be too small to capture the entire scar.
Another disadvantage is its inability to measure skin
Types V and VI. As keloids occur more often in Asian
or African individuals’ who present mainly with
darker skin types such as IV to VI according to
Fitzpatrick,*” ultrasound measurement should be
preferred.

Sonography represents a frequently used noninvasive
observation tool in the treatment of pathologic
scars.***7?? In dermatological research, high fre-
quency ultrasound with 7.5 MHz and above is used. It
offers a sufficient penetration depth as well as high
resolution and thereby achieves reliable measurement
results in scar assessment. In contrast to 3D topo-
graphic imaging devices, ultrasound enables the
assessment of scar height and penetration depth but
not of the volume or surface. However, ultrasound is
available in nearly every clinical institution. This
might facilitate its more frequent use compared with
other devices.

Based on their study data, both applied objective
measurement methods can be recommended as highly
suitable for the therapeutic assessment of pathologic
scars. For an overall therapeutic assessment, however,

DERMATOLOGIC SURGERY

standardized questionnaires may be helpful by adding
additional relevant parameters to the evaluation®**%*’
because successful scar treatments also include the
reduction of scar-associated symptoms such as pain,
contractures, and pruritus. Established questionnaires
such as the Patient and Observer Scar Assessment
Scale or the Dermatology Life Quality Index cover
important items of augmented scar formation and may
therefore be applied for additional assessment of scar
1,49

therapy.

Limitations of their study include the relatively small
number of included patients, the lack of follow-ups,
and certain shortcomings in the standardization of the
injection technique itself.

Conclusion

As corticosteroid injections and cryotherapy are the
mainstay of therapy for hypertrophic scars and
keloids, evaluating the evidence of this treatment
approach is required. Here, the authors could
demonstrate that ultrasound assessment along with
noninvasive in vivo 3D topographic imaging meas-
urements could objectively confirm the clinically
observed efficacy of combined cryotherapy and
intralesional injection of corticosteroids for the
treatment of keloids if the physician is considering
potential side effects such as neovesselfomation and
pigmentary changes.

Because of its sensitivity, these objective measures
may be useful in identifying responders from
nonresponders earlier than conventional assessments
and may thus represent promising tools in future scar
assessments.
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