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1 Abstrakt (Deutsche Version)

Hintergrund: Altere Menschen sind oft von einer hohen Komorbiditatslast betroffen, die
im Alter mit Schmerzen assoziiert sein kann. Trotz vielfacher Polypharmazie sind
chronische Schmerzpatienten oft mit Schmerzmitteln unterversorgt. Fur die ambulante
Versorgung Pflegebedirftiger in Deutschland fehlen zuverlassige Daten zur
Schmerzsituation sowie zur Angemessenheit der Schmerzmedikation. Ziel dieser Arbeit
war es somit, das Schmerzgeschehen alterer Pflegebedurftiger in diesem Setting zu

erfassen und deren Pharmakotherapie auszuwerten.

Methodik: Im Rahmen der Querschnittstudie ACHE wurden in strukturierten Interviews
Daten zum Schmerzgeschehen bei &lteren Pflegebedirftigen (Alter 2 65 Jahre) mit
chronischen Schmerzen (mit oder ohne kognitive Einschréankungen) in der eigenen
Hauslichkeit erhoben. Angaben zur Schmerzintensitat wurden unter Nutzung des Brief
Pain Inventory (BPI-NHR) erfasst. Qualitit und Angemessenheit der arztlichen
Schmerzmedikation wurden mittels deutschsprachiger Pain Medication Appropriateness
Scale (PMASD) bewertet. Ein PMAS-Score (Semas) < 67% weist auf eine inadaquate
Schmerztherapie hin. Die individuelle Komorbiditatslast wurde mit dem Charlson-
Comorbidity-Index (CCI) ermittelt. Unter Bertcksichtigung von arztlich verschriebenen
und in der Selbstmedikation bezogenen Arzneistoffen wurde die Gesamtmedikation im
Hinblick auf Polypharmazie (= 5  Arzneistoffe), klinisch  relevanten
Arzneimittelinteraktionen sowie Uber- und Unterversorgung mit bestimmten

Arzneistoffklassen ausgewertet.

Ergebnisse: In die ACHE-Studie wurden insgesamt 355 Pflegebedurftige
eingeschlossen. Die Pflegebedurftigen (n = 225) berichteten eine hohe
Schmerzbelastung mit einer durchschnittlichen Schmerzintensitat von 5,3 £ 2,0 in den
letzten 24 Stunden. Von 322 Pflegebedurftigen erhielten 58 (18,0%) Pflegebedurftige
eine angemessene Schmerzmedikation. Der mediane Spmas lag bei 47,6% (Bereich O -
100%). Bei mehr als der Halfte (55,4%) von 334 Pflegebedirftigen wurde eine moderate
bis hohe Komorbiditatslast ermittelt. Der Median fur die Anzahl der verschriebenen
Arzneistoffe lag bei 9 (Bereich 0 - 25). Insgesamt waren 89,5% von 353 Pflegebedurftigen
von Polypharmazie (= 5 verschriebene Arzneistoffe) betroffen, wahrend bei 49,3%

Multipharmazie (= 10 verschriebene Arzneistoffe) vorlag. Bei 15,5% der



Pflegebedurftigen wurde eine Uberversorgung mit Schleifendiuretika ohne angemessene
Indikation festgestellt, wahrend bei 32,3% der Pflegebedurftigen mit Vorhofflimmern eine

Unterversorgung mit Antikoagulantien beobachtet wurde.

Diskussion: Die vorliegende Arbeit deckt erhebliche Defizite in Qualitat und
Angemessenheit des pharmakologischen Schmerzmanagements sowie der allgemeinen
Pharmakotherapie bei é&lteren, multimorbiden Pflegebedirftigen (mit oder ohne
kognitiven Einschrankungen) bei hoher Schmerzbelastung auf. Es besteht ein dringender
Bedarf fur interdisziplindre Versorgungskonzepte in der hauslichen Schmerzversorgung

von alteren Pflegebeduirftigen.



2 Abstract (English Version)

Background: Older adults are often affected by a high burden of comorbidity, which
could be associated with pain. Despite high prevalence of polypharmacy, chronic pain
patients are often undertreated with analgesics. In Germany, there is a lack of data
concerning pain management and appropriateness of pain medication of elderly receiving
home care. The aim of this work was to obtain data concerning the pain situation of home

care recipients and to assess the overall medication in this setting.

Methods: In the framework of the cross-sectional study ACHE, data concerning the pain
situation of elderly aged = 65 years with chronic pain (with or without cognitive
impairment) were collected during structured interviews. Data on pain intensity was
obtained by using the Brief Pain Inventory (BPI-NHR). Quality and appropriateness of
prescribed pain medication was assessed by the German Pain Medication
Appropriateness Scale (PMASD). A PMAS-score (Spmas) < 67% indicates an inadequate
pain therapy. The individual burden of comorbidities was determined with the Charlson-
Comorbidity-Index (CCI). Considering prescribed drugs and drugs used in self-
medication, the overall medication was evaluated with regard to polypharmacy (= 5
drugs), clinically relevant drug-drug interactions as well as over- and undertreatment with

certain drug classes.

Results: In the ACHE study, a total of 355 patients in need of care were included. An
average pain intensity of 5.3 £ 2.0 in the last 24 h were reported (n = 225). Of 322 patients,
58 patients (18.0%) were adequately treated with pain medication. The median Spmas
was 47.6 % (range 0 - 100%). More than half (55.4%) of 334 patients had moderate to
severe comorbidity levels. The median of prescribed medications was 9 (range 0 - 25).
Among 353 patients, 89.5% were affected by polypharmacy (= 5 prescribed drugs), while
in 49.3% of them excessive polypharmacy (= 10 prescribed drugs) was detected.
Overtreatment with loop diuretics without appropriate indication was determined in
15.5%, while 32.3% of patients with atrial fibrillation were undertreated with

anticoagulants.

Discussion: The present work indicates substantial deficits in the quality and

appropriateness of pharmacotherapy for pain as well as the overall medication of elderly,



multimorbid patients (with or without cognitive impairment) affected by chronic pain in
home care. Interdisciplinary concepts in the ambulatory care of chronic pain patients are

required.



3 Zusammenfassung der Publikationspromotion

3.1 Einleitung und Zielstellung

Die globale Lebenserwartung lag 2016 bei 72 Jahren, fir Deutschland wurde zum
gleichen Zeitpunkt eine Lebenserwartung von uber 80 Jahren angegeben [1]. Mit
zunehmendem Alter nimmt die Anzahl pflegebeddrftiger Menschen zu. In Deutschland
waren im Sinne des SGB XI im Dezember 2019 insgesamt 4,1 Millionen Menschen
pflegebediirftig; ein Anstieg von 21% im Vergleich zu 2017 [2]. Multimorbiditat und
Polypharmazie sind in diesem Setting haufig [3, 4]. Es ist bekannt, dass Polypharmazie
unerwinschte Arzneimittelwirkungen (UAW), unerwiinschte Arzneimittelereignisse (z. B.
Stirze, Frakturen) sowie Arzneimittelinteraktionen begunstigt, und besonders im Alter mit
einem erhohten Risiko flr Hospitalisierungen und Mortalitdt assoziiert ist [5, 6]. Mit
steigender Anzahl der Arzneimittel nimmt aber - paradoxerweise - auch die
Unterversorgung mit Arzneimitteln zu [7]. Dartber hinaus kann es einen Zusammenhang
zwischen Multimorbiditat und Schmerzen im Alter geben [8-11]. Leiske und Kollegen
geben an, dass Pflegeabhangigkeit unter anderem von den Faktoren ,Multimorbiditat"
und ,Schmerzintensitat* beeinflusst wird [12]. In der ambulanten Pflege berichten etwa
70% der Pflegebedurftigen, Schmerzen zu haben [12]. Eine effiziente Schmerztherapie
im Alter stellt fir den behandelnden Arzt eine Herausforderung dar, weil bei alteren
Patienten physiologische Verdnderungen, Komorbiditdten und Polypharmazie zu
bertcksichtigen sind [13]. Chronische Schmerzen sollten nicht als Symptom, sondern als
komplexe biopsychosoziale Krankheit verstanden werden [14]. Internationalen Studien
zufolge sind chronische Schmerzpatienten trotz zahlreicher Leitlinien oder
Handlungsempfehlungen [15-19] oft unterversorgt [20-23]. Gemal der Ethik-Charta der
Deutschen Gesellschaft zum Studium des Schmerzes haben alle Patienten das Recht
auf eine ausreichende und individuell angemessene Schmerzversorgung [24]. Die
kirzliche Implementierung einer eigenstandigen Codierung fir ,Chronische Schmerzen*
im Rahmen der elften Version der ,Internationalen Klassifikation der Krankheiten® (ICD-
11) unterstreicht die Dringlichkeit einer angemessenen Versorgung chronischer
Schmerzpatienten [25]. Allerdings fehlen in Deutschland, vor allem fur die ambulante
Versorgung von Pflegebedurftigen, zuverlassige Daten zur Schmerzsituation sowie zur
Schmerzversorgung.

Daher zielte die vorliegende Arbeit darauf ab, das Schmerzgeschehen bei alteren

Pflegebedirftigen (Publikation 1) [26] zu erfassen sowie die Qualitat und
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Angemessenheit der arztlichen Schmerzmedikation in der hauslichen Versorgung in
Deutschland (Publikation 2) [27] auszuwerten. Um einen umfassenden Einblick in die
medikamentdse Versorgung von ambulant betreuten Pflegebedurftigen mit chronischen
Schmerzen zu erhalten, wurden weiterhin Ausmall und Konsequenzen von
Polypharmazie einschlieRlich Uber-/Unterversorgung mit Arzneimitteln, Arzneimittel-
Interaktionen, als auch die Komorbiditatslast in diesem Setting untersucht (Publikation
3) [28].

3.2 Material und Methodik

3.2.1 Studiendesign, Setting und Studienpopulation

Zur Analyse der Fragestellungen wurden Pflegebedurftige mit oder ohne kognitive
Beeintrachtigungen, die zu Hause von Pflegediensten oder Angehdrigen betreut wurden,
rekrutiert. Die Daten wurden infolge der Querschnittstudie ACHE (,Development of a
Model for PAin Management in Older Adults ReCeiving Home CarE"), welche vom GKV-
Spitzenverband im Rahmen des Modellvorhabens zur Weiterentwicklung der
Pflegeversicherung nach 8 8 Abs. 3 SGB Xl gefdrdert wurde [29], im Zeitraum von
09/2017 bis 10/2018 in Berlin erhoben (Publikation 1, 2, 3) [26-28]. Einschlusskriterien
in die Studie waren: 1) Alter = 65 Jahre, 2) chronische Schmerzbetroffenheit (= 3 Monate),
3) Pflegebediirftigkeit nach § 14 Abs. 1 - 2 SGB Xl [30] und 4) ambulante Versorgung in
der eigenen Hauslichkeit. Der kognitive Status aller eingeschlossenen Pflegebedurftigen
wurde mit dem Mini Mental Status Test (MMST) erfasst [31]. Die Studie entspricht den
Vorgaben der Deklaration von Helsinki und erhielt von der Ethikkommission der Charité,
Universitdtsmedizin Berlin, ein positives Votum (EA1/368/14). Eine schriftliche
Einverstandniserklarung zur freiwilligen Teilnahme an der Studie wurde nach Aufklarung
von allen Pflegebedurftigen bzw. von deren gesetzlichen Vertretern im Falle von

kognitiver Beeintrachtigung vor jedem Interview eingeholt.

3.2.2 Datenerhebung und Messinstrumente

Der Zugang zu den Pflegebedurftigen wurde Uberwiegend durch ambulante
Pflegedienste in Berlin hergestellt (Publikation 1, 2, 3) [26-28].

Die Daten wurden anhand von strukturierten Fragebdgen in personlichen Interviews
erhoben [26-28].



Soziodemographische Variablen (z. B. Alter, Geschlecht), Daten zum Pflegegrad,
Angaben zum Schmerzgeschehen und zum Schmerzmanagement basieren auf
Selbstauskunft, den Informationen pflegender Angehériger und/oder des
Pflegepersonals [26-28].

Ferner wurden Arztbriefe, Entlassungsberichte von Krankenhdusern und/oder
Informationen aus der Pflegedokumentation herangezogen, um die vorliegenden
chronischen Erkrankungen sowie schmerzbezogenen Diagnosen zu erfassen [26-28].
Der funktionelle Status der Pflegebedurftigen wurde mittels Barthel-Index festgestellt [32].
Die Medikation der Pflegebedirftigen wurde im Rahmen einer erweiterten
Medikationsanalyse [33] auf Basis von Arzneimittelpackungen (Brown Bag) und einem
personlichen Gesprach ermittelt [26-28]. Vorliegende Arzneimittelpackungen wurden
mithilfe des Instruments zur datenbankgestitzten Online-Erfassung von
Medikamentendaten (IDOM) [34] unter Nutzung eines Strichcodelesers erfasst [26-28].
Als Datenbasis fir IDOM stand die Stammdatei des Wissenschaftlichen Instituts der
Ortskrankenkassen (WIdO) unter monatlicher Aktualisierung zur Verfigung [26-28].
Folgende Medikationsdaten wurden per Strichcodeleser gescannt: 1) die
Fertigarzneimittel-Bezeichnung, 2) der Arzneistoff, 3) die Dosis, 4) die Darreichungsform,
5) die Applikationsform und 6) die Anatomisch-Therapeutisch-Chemische (ATC)
Klassifikation des jeweiligen Arzneistoffs. Zugleich wurden Verordnungsmodus
(verordnet, arztlich empfohlen oder selbst gekauft), Einnahmemodus (regelméafig, bei
Bedarf) und die Dosierung aller Arzneimittel erfragt [26-28]. Arzneistoffe, deren
Verordnungsmodus als ,arztlich empfohlen® angegeben wurde, werden in der
vorliegenden Arbeit zu denen vom Arzt verordneten Arzneistoffen gezahlt.

Daten zum Schmerzgeschehen (Publikation 1) [26] wurden mit dem deutschsprachigen
Brief Pain Inventory (BPI-NHR) [35] unter Nutzung von vier numerischen Rating-Skalen
(NRS) zur Erfassung der Schmerzintensitdit des geringsten, starksten und
durchschnittlichen Schmerzes in den letzten 24 Stunden sowie des aktuellen Schmerzes
erhoben (0 = kein Schmerz, 10 = starkste vorstellbare Schmerz). In die vorliegende
Analyse des Schmerzgeschehens wurden Pflegebedurftige mit einem MMST > 17 [36]
eingeschlossen.

Zur Analyse der Qualitat und Angemessenheit der verordneten Schmerzmedikation in
der ambulanten Versorgung (Publikation 2) [27] wurde die aus dem Amerikanischen
Ubersetzte und fur Deutschland angepasste Pain Medication Appropriateness Scale
(PMASD) eingesetzt [37, 38]. Die PMASp wurde bereits zur Analyse des
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Schmerzmanagements in Pflegeheimen in Deutschland angewendet und kam auch hier
bei Pflegebedurftigen mit kognitiven Beeintrachtigungen zum Einsatz [39].

Die individuelle Komorbiditatslast (Publikation 3) [28] wurde mittels Charlson-
Komorbiditatsindex (CCIl) ausgewertet [40]. Der CCI wurde fur den Einsatz in diesem
Setting durch das Aufstellen von laienverstandlichen Fragen angepasst. Gemal3 des CCI
lasst sich die Komorbiditatslast wie folgt einteilen: 0 (keine Komorbiditaten), 1 - 2 (gering),
3 - 4 (moderat) und = 5 (hoch) [41]. Neben denen im CCI gelisteten Erkrankungen wurde
unter anderem auch nach Hypertonie, koronarer Herzkrankheit (KHK) und
Vorhofflimmern (VHF) gefragt [28]. Als in der Literatur haufig beschriebener Cut off-Wert
fur das Vorhandensein von Multimorbiditat [42] wird in der vorliegenden Arbeit die Anzahl

von mindestens 2 chronischen Erkrankungen verwendet [28].

3.2.3 Datenanalyse

Zur Analyse des Schmerzgeschehens im Zusammenhang mit der medikamentdsen
Schmerzmittelversorgung (Publikation 1) [26] wurden die vom Arzt verordneten und in
der Selbstmedikation bezogenen schmerzreduzierenden Arzneistoffe bericksichtigt.

Zur Analyse der Qualitat und Angemessenheit der Schmerzmedikation (Publikation 2)
[27] wurden nur die éarztlich verordneten, schmerzreduzierenden Arzneistoffe
bertcksichtigt. Fur die Berechnung des finalen PMASp-Scores (Spmas) wurden folgende
Items berlcksichtigt: 1) Medikation bestimmter Schmerzsyndrome, 2) festgelegte
Dosierungsintervalle, 3) adaquate Dosierung der Verschreibung im Verhaltnis zur
Schmerzintensitat, 4) Grad der Schmerzlinderung durch verschriebene Medikamente, 5)
Prophylaxe bei Obstipation und 6) der Ausschluss risikobehafteter Arzneistoffe fir
geriatrische Patienten [37, 38]. Der Spmvas ist ein prozentualer Wert, der sich aus erzielten
und maximal moglichen Punkten wie folgt zusammensetzt [37, 38]:
Spmas=Y (Stotal)/Y (Smagiich)*100. Ein Spmas < 67% weist auf eine inadaquate Versorgung
mit Schmerzmitteln hin [37, 38].

Fur die Analyse der Gesamtmedikation (Publikation 3) [28] hinsichtlich Polypharmazie
(2 5 Arzneistoffe), Multipharmazie (= 10 Arzneistoffe), dem Vorkommen von
Arzneimittelinteraktionen bestimmter Arzneistoffklassen (z. B. Antikoagulantien,
Diuretika, Simvastatin) entsprechend Verordnungshaufigkeit und Relevanz in ACHE
sowie der Uber- und Unterversorgung mit Arzneimitteln wurden alle Arzneistoffe

bertcksichtigt. Ausmal’ und Schweregrad relevanter Interaktionen wurden unter Nutzung
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des institutionellen Arzneimittelinformationssystems AiDKIinik® im Rahmen von Fall-zu-
Fall Besprechungen bewertet [28].

Zur Auswertung der Uberversorgung mit Arzneimitteln in diesem Setting wurde die
Verschreibungsrate der Schleifendiuretika im Hinblick auf eine angemessene Indikation
(z. B. Odeme, Herzinsuffizienz, fortgeschrittene chronische Nierenerkrankung)
untersucht [28].

Zur Auswertung der Unterversorgung mit Arzneimitteln wurde die Verordnung von
Antikoagulantien bei Pflegebedurftigen mit VHF untersucht [28]. Hierzu wurde das
individuelle thromboembolische Risiko Uber den CHA2DS2-VASc (Congestive heart
failure/left ventricular dysfunction, Hypertension, Age 275 [doubled], Diabetes, Stroke

[doubled] — Vascular disease, Age 65-74, and Sex category [female]) Score ermittelt [43].

3.2.4 Statistik

Alle Daten wurden in IBM SPSS Statistics for Windows, Version 25 (IBM Corp, Armonk,
NY) ausgewertet. Die Verteilung der Daten wurde mittels Shapiro-Wilk Test gepriift.

Um Gruppenunterschiede zwischen dem starksten wahrgenommenen Schmerz und den
verschiedenen Einnahmemodi (»nur Dauermedikation«, »nur Bedarfsmedikation«,
»Dauer- und Bedarfsmedikation«, »keine Medikation«) der Schmerzmedikation
(kategorial mit > 2 Gruppen) als auch der Anzahl der schmerzreduzierenden Arzneistoffe
(kategorial mit > 2 Gruppen) zu untersuchen, wurden Varianzanalysen (,analysis of
variance®, kurz: ANOVA), durchgefihrt (Publikation 1) [26]. Der Einfluss der
medikamentdsen Schmerzmittelversorgung auf die Intensitat des starksten Schmerzes
(abhangige Variable) wurde mittels multipler Regressionsanalyse berechnet [26].

Um Gruppenunterschiede im Rahmen der Analyse zur Qualitdt und Angemessenheit der
arztlichen Schmerzmedikation (Publikation 2) [27] sowie der Analyse der
Komorbiditatslast und der Gesamtmedikation (Poly-/Multipharmazie) (Publikation 3) [28]
zu untersuchen, wurde der Mann-Whitney U Test (kategorial mit 2 Gruppen) oder
Kruskal-Wallis H Test (kategorial mit > 2 Gruppen) mit anschlie@Rendem Dunn-Bonferroni
Test verwendet. Zur Aufklarung der Zusammenhéange zwischen soziodemographischen
Parametern und dem Spwmas [27], Multimorbiditat oder Poly-/Multipharmazie [28] wurden
Korrelationsanalysen nach Spearman oder der Chi-Quadrat-Test durchgefihrt. Um auf
einen Unterschied mit Trend zwischen der Anzahl der &rztlichen Gesamtmedikation und

den verschiedenen Komorbiditatsleveln (kategorial mit 4 Gruppen) zu prifen [28], wurde



der Jonckheere-Terpstra Test mit Kendall’'s tau-b (tr) Korrelationskoeffizienten
angewendet.

Far alle Analysen wurde ein p-Wert < 0,05 als statistisch signifikant festgelegt
(Publikation 1, 2, 3) [26-28].

3.3 Ergebnisse

In die ACHE-Studie konnten insgesamt 355 Pflegebedurftige mit chronischen Schmerzen
(82,2 + 7,5 Jahre, 71,5% Frauen) eingeschlossen werden, darunter 22,6% mit schweren
kognitiven Beeintrachtigungen (MMST < 17 [36]) (Publikation 2) [27]. Knapp die Halfte
(44,8%) der Pflegebedurftigen wiesen Pflegegrad 2 auf [27]. Der mittlere Barthel-Index
lag bei 66,7 £ 27,5 [27].

3.3.1 Analyse des Schmerzgeschehens

Fir die Auswertung des Schmerzgeschehens mittels BPI-NHR [35] konnten die Daten
von 225 (63,4%) auskunftsfahigen Pflegebedurftigen (81,6 £ 7,5 Jahre, 70,7% Frauen)
ausgewertet werden (Publikation 1) [26].

Zum Zeitpunkt des Interviews gaben die Betroffenen im Mittel einen Schmerz von 3,8 £
2,9 auf der NRS an [26]. Fur die durchschnittliche Schmerzintensitat in den letzten 24
Stunden wurde ein Mittelwert von 5,3 = 2,0 auf der NRS ermittelt, wahrend fir den
starksten Schmerz ein Mittelwert von 7,0 £+ 2,2 angegeben wurde [26]. Flr den geringsten
Schmerz liegt der Mittelwert auf dieser Skala bei 3,0 £ 2,2 [26]. Am haufigsten berichteten
die Pflegebedurftigen Kreuzschmerzen (84,4%), Arthrose (73,5%) und neuropathische
Schmerzen (61,6%) [26].

In dieser Stichprobe erhielten 25 Pflegebedurftigen (11,1%) trotz im Mittel berichteter
starkster Schmerzen im Bereich von 6,0 £ 2,8 auf der NRS keine Schmerzmittel [26].
Pflegebedurftige mit Schmerzmedikation berichteten im Mittel hohere Intensitatswerte
des starksten Schmerzes als Pflegebedurftige ohne Medikation (nur Dauermedikation M
[+ SD] 7,5 [1,9], nur Bedarfsmedikation M [+ SD] 6,3 [2,2], Dauer- und Bedarfsmedikation
M [ SD] 7,3 [1,8], ANOVA, p = 0,001) [26]. Ferner wurde mit steigender Anzahl
schmerzreduzierender Arzneistoffe eine signifikant hdhere Intensitat des stérksten
Schmerzen berichtet (ANOVA, p = 0,019). Bei = 4 schmerzreduzierenden Arzneistoffen
lag die Intensitdt des Schmerzes auf der NRS im Mittel bei 7,6 = 1,3, wéahrend
Pflegebedurftige mit einem Schmerzmittel eine Intensitat des starksten Schmerzes im
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Mittel von 6,6 + 2,1 berichteten (26). Des Weiteren zeigt die Regressionsanalyse, dass
Pflegebedirftige ohne Schmerzmedikation oder nur mit Bedarfsmedikation eine um
1,334 Punkten (Regressionsanalyse, p = 0,004) bzw. um 1,052 Punkten
(Regressionsanalyse, p = 0,001) reduzierte Schmerzintensitat auf der NRS berichteten
[26]. Daruber hinaus geht aus dem finalen Regressionsmodell hervor, dass die
Einnahmemodi »nur Dauermedikation« sowie »Dauer- und Bedarfsmedikation« keinen

Einfluss auf die Reduktion der Schmerzintensitat hatten [26].

3.3.2 Analyse der Qualitat und Angemessenheit der Schmerzmedikation

Zur Analyse der verschriebenen Schmerzmedikation standen die Daten von 322 (90,7%)
Pflegebedurftigen (82,1 £ 7,4 Jahre, 71,4% Frauen) mit chronischen Schmerzen zur
Verfigung, darunter 18,9% mit schweren kognitiven Beeintrachtigungen (MMST < 17
[36]) (Publikation 2) [27]. Trotz chronischer Schmerzen erhielten 60 (18,6%)
Pflegebedurftige keine Schmerzmittel vom Arzt [27]. Bei 81 (25,2%) Pflegebedirftigen
wurden Analgetika nur als Dauermedikation vom Arzt verschrieben, wahrend bei 96
(29,9%) Pflegebedurftigen Analgetika lediglich als Bedarfsmedikation verschrieben
wurden [27].

FUr den Spmas wurde ein Median von 47,6% (Bereich O - 100%) ermittelt [27]. Ein Spmas
> 67% wurde fur 58 (18,0%) Pflegebedurftige berechnet [27]. Bei Pflegebedurftigen mit
arztlicher Schmerzmedikation wurden signifikant h6here Spmas-Werte (Median = 53,3%
[Bereich 0 - 100%]) beobachtet als bei Pflegebedurftigen ohne verschriebene
Schmerzmedikation (Median = 6,7% [Bereich 0 - 66,7%], Mann-Whitney Test, p < 0,001)
[27]. Pflegebedurftige, die ausschliel3lich Bedarfsmedikation zur Analgesie verordnet
bekommen hatten, erzielten einen signifikant geringeren Spmas als diejenigen mit
alleiniger Dauermedikation (Median = 33,3% [Bereich 0 - 100%] vs. 50,0% [Bereich 22,2
- 83,3%], Kruskal-Wallis Test, p < 0,001) [27]. Die héchsten PMAS-Werte wurden fur
Pflegebedirftige mit Bedarfs- und Dauermedikation (n = 84) festgestellt (Median = 71,4%
[Bereich 44,4 - 93,3%], Kruskal-Wallis Test, p < 0,001) [27]. Ein Zusammenhang
zwischen Spmas und Alter, Geschlecht, kognitivem Status, schulischem Abschluss,
beruflicher Qualifikation, funktionellem Status oder Schmerzintensitat wurde nicht
beobachtet [27].

Es wurde eine Korrelation zwischen dem Semas und der Anzahl der verschriebenen
Schmerzmittel (rs=0,672; p < 0,001) gefunden [27]. Bei einem Spmas < 67% erhielten die

11



Pflegebedurftigen im Mittel 1,1 £ 0,8 (Bereich 0 - 5) Analgetika, wahrend Pflegebedurftige
bei einem Spmas > 67% im Mittel 2,1 + 0,8 (Bereich 1 - 4) Analgetika vom Arzt erhalten
hatten [27]. Allerdings wurde auch fur Pflegebedurftige mit nur einem Analgetikum ein
Spmas > 67% (n = 10/58) ermittelt (Abbildung 1) [27].
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Abbildung 1. Anzahl der verschriebenen Analgetika in Bezug auf die

o

Angemessenheit der Schmerzmedikation.
Semas, PMAS-Score; siehe Publikation 2 [27]

Unter den mit Schmerzmitteln therapierten Pflegebedurftigen (n = 262), war Metamizol
mit 71,4% das haufigste verordnete Analgetikum (Abbildung 2) [27]. Knapp ein Funftel (n
=50) der Pflegebedurftigen erhielten systemische nichtsteroidale Antirheumatika (NSAR)
und die Halfte (n = 133) der Pflegebedirftigen wurde mit systemischen Opioiden
behandelt [27]. Von den Pflegebeddrftigen, die systemische Opioide als Dauermedikation

erhalten hatten (n = 118), bekamen lediglich 45,8% eine Obstipationsprophylaxe [27].
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Abbildung 2. Verordnungshaufigkeit der Analgetika in der PMAS-Population.
PMAS, Pain Medication Appropriateness Scale; siehe Publikation 2 [27]

3.3.3 Analyse der Komorbiditatslast

Zur Analyse der individuellen Komorbiditatslast konnten 334 (94,1%) Pflegebedurftige
(82,2 = 7,6 Jahre, 71,6% Frauen) mit chronischen Schmerzen eingeschlossen werden,
darunter 19,1% mit schweren kognitiven Beeintrachtigungen (MMST < 17 [36])
(Publikation 3) [28]. Die haufigsten Erkrankungen in diesem Setting waren Hypertonie
(78,4%), Herzinsuffizienz (41,3%), Diabetes (32,1%), Demenz (27,2%), KHK (26,9%) und
chronische Lungenerkrankungen (25,1%) [28]. Fur den CCI wurde ein Median von 3
(Bereich 0 - 13) ermittelt [28]. Mehr als die Hélfte der Pflegebedurftigen (55,4%) wiesen
eine moderate (35,6%) bis hohe (19,8%) Komorbiditatslast auf [28]. Alter, Geschlecht,
Pflegegrad und kognitive Status hatten keinen Einfluss auf die Komorbiditatslast [28].
Multimorbiditat (= 2 chronische Erkrankungen) im Rahmen des CCI wurde bei 73,7% der
Pflegebedurftigen beobachtet. Unter Beriicksichtigung weiterer Erkrankungen stieg die

Pravalenz fur Multimorbiditat in diesem Setting auf 91,6% an [28].
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3.3.4 Analyse der Gesamtmedikation

Zur Analyse der Gesamtmedikation konnten die Medikationsdaten von 353 (99.4%)
Pflegebedurftigen (82,2 + 7,5 Jahre, 71,7% Frauen) mit chronischen Schmerzen
herangezogen werden, darunter 22,7% mit schweren kognitiven Beeintrachtigungen
(MMST < 17 [36]) (Publikation 3) [28]. Die funf haufigsten verordneten
Arzneistoffklassen waren Analgetika (NO2), Diuretika (C03), antithrombotische Mittel
(BO1), Mittel mit Wirkung auf das Renin-Angiotensin-System (C09) und Mittel bei
saurebedingten Erkrankungen (A02) [28]. Der Median fur verordnete Arzneistoffe pro
Pflegebedurftigen lag bei 9 (Bereich 0 - 25) [28]. Unter Berlcksichtigung der Arzneistoffe,
die zusatzlich in der Selbstmedikation bezogen wurden, stieg der Median auf 10 (Bereich
0 - 25) an [28]. Insgesamt waren 316 (89,5%) Pflegebedurftige von Polypharmazie (= 5
verordnete Arzneistoffe) betroffen, wahrend bei 174/316 (49,3%) Pflegebedirftigen
Multipharmazie (= 10 verordnete Arzneistoffe) beobachtet wurde [28]. Untersuchungen
zu Gruppenvergleichen zeigten, dass Pflegebedirftige mit Polypharmazie oder
Multipharmazie signifikant hohere Komorbiditatslevel hatten als Pflegebedirftige ohne
Polypharmazie oder Multipharmazie (Mann-Whitney Test, p < 0,001) [28]. Ferner gab es
einen signifikanten Zusammenhang zwischen der Anzahl der verschriebenen
Arzneistoffe und den verschiedenen Komorbiditatsleveln (Kruskal-Wallis Test, p < 0,001)
(Abbildung 3) [28]. Diesbezuglich konnte ein Unterschied mit positivem Gesamttrend
gefunden werden (t = 0,262, p <0,001) [28]. Es war zu beobachten, dass Polypharmazie
als auch Multipharmazie in allen Komorbiditéatsleveln auftraten (Abbildung 3) [28].
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Abbildung 3. Anzahl der verordneten Arzneistoffe gruppiert nach
Komorbiditatsleveln. *p < 0.05 vs. keine Komorbiditat; **p < 0.01 vs. geringe
Komorbiditat; ***p < 0.001 vs. geringe Komorbiditat; ***p < 0.001 vs. keine Komorbiditat;
siehe Publikation 3 [28]

Potenziell klinisch relevante Arzneimittelinteraktionen

Insgesamt wurden 184 potenziell klinisch relevante Interaktionen fiir Antikoagulantien,
Diuretika und Simvastatin bei 120/353 (34,0%) Pflegebedurftigen erfasst [28]. Davon
wurden 57 (31,0%) Interaktionen als potenziell schwerwiegend eingestuft [28]. Ein
Groliteil der detektierten Interaktionen entfiel auf Diuretika mit 131 potenziell klinisch
relevanten Interaktionen bei 224 Pflegebedurftigen [28]. Fur die Antikoagulantien wurden
39 potenziell klinisch relevante Interaktionen bei 80 Pflegebedirftigen identifiziert [28].
Fir Simvastatin wurden 17 potenziell klinisch relevante Interaktionen bei 85
Pflegebedirftigen gefunden [28].

Uberversorgung mit Arzneimitteln
Insgesamt erhielten 195/334 (59,9%) Pflegebedirftige ein Diuretikum vom Arzt, von
denen 174 (89,2%) Pflegebedurftige Schleifendiuretika (Torasemid [n = 160]; Furosemid
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[n = 15]) bekamen [28]. Ein Pflegebedirftiger bekam gleichzeitig die beiden Arzneistoffe
Torasemid und Furosemid [28]. Bei 11 Pflegebediirftigen wurden Schleifendiuretika mit
Thiaziden/Thiazid-Analoga verordnet [28]. Von den Pflegebedirftigen mit
Schleifendiuretika hatten 27 (15,5%) keine Indikation fir Herzinsuffizienz,

fortgeschrittene Nierenerkrankung oder Odeme [28].

Unterversorgung mit Arzneimitteln

Insgesamt waren 65/334 (19,5%) Pflegebedurftige von VHF betroffen [28]. Fiur diese
Pflegebedurftigen wurde im CHA2DS2-VAS Score ein Median von 5 (Bereich 3 - 8)
ermittelt [28]. Alle Pflegebedurftigen mit VHF erreichten einen CHA2DS2-VAS Score = 2,
aber nur 44 (67,7%) Pflegebedurftige erhielten eine Antikoagulation mit Vitamin-K-
Antagonisten (VKA) oder direkten oralen Antikoagulantien (DOAK) vom Arzt [28]. Die drei
haufigsten Antikoagulantien waren Apixaban (36,4%), Phenprocoumon (29,5%) und
Rivaroxaban (20,5%) [28]. Insgesamt wurden 21 (32,3%) Pflegebedurftige nicht
antikoaguliert, von denen 19 (90,5%) Pflegebedurftige = 75 Jahre alt waren [28].

34 Diskussion

In dieser Arbeit wurden erstmals Daten zum Schmerzgeschehen (Publikation 1) [26] von
alteren Menschen mit chronischen Schmerzen in der ambulanten Versorgung
ausgewertet. Fokus war insbesondere die Qualitdt und Angemessenheit der arztlichen
Schmerztherapie (Publikation 2) [27] sowie Ausmall und Konsequenzen von
Komorbiditat und Polypharmazie in diesem Setting (Publikation 3) [28].

Die Ergebnisse dieser Untersuchung weisen auf eine hohe Schmerzbelastung unter
Pflegbedurftigen mit chronischen Schmerzen in der ambulanten Versorgung hin
(Publikation 1) [26]. Die in dieser Arbeit berichteten Mittelwerte zur Schmerzintensitat
(durchschnittlicher Schmerz M [+ SD] 5,3 [+ 2,0], starkster Schmerz M [+ SD] 7,0 [+ 2,2],
geringste Schmerz M [+ SD] 3,0 [+ 2,2]) sind fast doppelt so hoch wie im Pflegeheim
(durchschnittlicher Schmerz M [95% CI] 2,5 [1,9 - 3,0], starkste Schmerz M [95% CI] 4,0
[3,1 - 4,8], geringste Schmerz M [95% CI] 1,6 [1,1 - 2,1]) [44]. Eine klrzlich publizierte
polnische Studie, die sowohl Pflegeheimbewohner (n = 97) und ambulante Patienten
einer geriatrischen Klinik (n = 48) einschloss, berichtete vergleichbare Mittelwerte fir den
durchschnittlichen Schmerz im Bereich von 5,3 + 1,6 auf der NRS, wahrend die Intensitat

fur den starksten Schmerz im Mittel mit 5,7 + 1,9 angegeben wurde [45]. Ferner sind eine
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hohe Komorbiditatslast sowie eingeschréankte Beweglichkeit Risikofaktoren fur multiple
Schmerzen [46].

Bei der hohen Schmerzbelastung in diesem Setting wurden erhebliche Defizite im
pharmakologischen  Schmerzmanagement identifiziert, denn nur 18% der
Pflegebedirftigen erhielten eine angemessene Schmerzmedikation vom Arzt (Spmas >
67% [37]) (Publikation 2) [27]. Die defizitare Schmerzversorgung spiegelt sich zudem im
niedrigen Median (Spmas = 47,6%) in der PMAS wider [27]. Knapp ein Funftel (18,6%) der
Pflegebedurftigen bekamen keine Schmerzmittel [27]. Trotz chronischer Schmerzen in
der gesamten Kohorte und der hohen Schmerzintensitat in den letzten 24 Stunden,
erhielten 29,9% der Pflegebedurftigen entgegen den Empfehlungen einiger Leitlinien [15,
18] Analgetika nur bei Bedarf, wahrend 25,2% der Pflegebedurftigen Analgetika lediglich
als Dauermedikation zur Behandlung ihrer Schmerzen vom Arzt verordnet bekommen
hatten [27].

Allerdings berichteten Pflegebedurftige mit Schmerzmedikation im Mittel hohere
Intensitatswerte des starksten Schmerzes auf der NRS (nur Dauermedikation M [+ SD]
7,5 [1,9], nur Bedarfsmedikation M [+ SD] 6,3 [2,2], Dauer- und Bedarfsmedikation M [+
SD] 7,3 [1,8], p = 0,001) als Pflegebedirftige ohne Medikation (M [+ SD] 6,0 [2,8])
(Publikation 1) [26]. Weiterhin geht aus dem finalen Regressionsmodell hervor, dass
Pflegebedurftige ohne Schmerzmedikation oder nur mit Bedarfsmedikation signifikant
geringere Intensitatswerte des starksten Schmerzes berichteten als Pflegebedurftige nur
mit Dauermedikation oder Dauer- und Bedarfsmedikation [26]. Die Schmerzintensitat
wurde in den Berechnungen zur Angemessenheit der Schmerzmedikation mittels PMASDb
berticksichtigt (Publikation 2) [27], aber es wurde gezeigt, dass keine Korrelation
zwischen Spmas und Schmerzintensitat gefunden wurde [27]. Weiterhin wurde eine
positive Korrelation zwischen Spmas und der Anzahl der verordneten Schmerzmittel
beobachtet (rs = 0,672; p < 0,001) [27]. Demgegenuber zeigten die Ergebnisse aus
Publikation 1, dass mit zunehmender Anzahl schmerzreduzierender Arzneistoffe eine
signifikant hohere Intensitat des starksten Schmerzes berichtetet wurde (p = 0,019) [26].
Letztere Beobachtung konnte hierdurch erklart werden, dass die Angemessenheit der
Schmerzmedikation nicht nur von einer hohen Anzahl schmerzreduzierender Arzneistoffe
abhangt, sondern auch von der Wahl der Arzneistoffklasse (z. B. Opioide, NSAIDSs) in
Abhangigkeit des Schmerztyps, die jeweilige Dosis, das Dosierungsintervall als auch die

richtige Darreichungsform [37].
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Die vorliegenden Ergebnisse zur Unter- bzw. Fehlversorgung mit Schmerzmitteln
(»Pflegebedirftige ~ ohne  Schmerzmedikation«,  »Pflegebedirftige  nur  mit
Bedarfsmedikation» oder »Pflegebedirftige nur mit Dauermedikation») Aalterer
Pflegebedurftiger ahneln internationalen Daten aus Untersuchungen in stationaren [21,
23] und ambulanten Settings [20, 47, 48]. Zyczkowska et al. berichteten ebenfalls, dass
ein FuUnftel der schmerzbetroffenen Pflegebedurftigen in der Hauslichkeit keine
Schmerzmedikation erhalten hatten [48]. In der Arbeit von Nawai und Kollegen gaben
sogar ein Drittel (31,2%) der in der eigenen Hauslichkeit lebenden Alteren mit moderaten
bis starken Schmerzen an, keine Schmerzmittel zu beziehen [20].

Vergleichbare Daten zum defizitaren pharmakologischen Schmerzmanagement
vergffentlichte eine Pflegeheimstudie in Deutschland [39]. In dieser Studie waren nur 24%
der von chronischen Schmerzen betroffenen Heimbewohner angemessen versorgt [38,
39].

Altere, multimorbide Patienten werden oft von Untersuchungen des Schmerzgeschehens
ausgeschlossen [13, 49, 50]. Daruber hinaus stellen kognitive Beeintrachtigungen oder
Demenz haufig ein Ausschlusskriterium dar [20, 21, 23, 51]. In die vorliegenden Analysen
zur Qualitat und Angemessenheit der Schmerzmedikation, der Komorbiditatslast als auch
der Gesamtmedikation wurden Pflegebedirftige mit funktionellen als auch schweren
kognitiven Beeintrachtigungen sowie einer hohen Komorbiditatslast eingeschlossen
(Publikation 2, 3) [27, 28].

Mehr als die Halfte (55,4%) der Pflegebedirftigen weisen eine moderate bis hohe
Komorbiditatslast auf (Publikation 3) [28]. Jedoch ist anzunehmen, dass die
Pflegebedurftigen dieser Kohorte vermutlich kranker sind, als die vorliegenden Daten es
beschreiben. Diese Annahme resultiert aus den kurzlich veroffentlichten Ergebnissen von
Wenzel et al. [52]. Im Rahmen dieser Untersuchung wurden erhebliche Defizite in der
Pflegedokumentation schmerzbetroffener Pflegebedurftiger in der ambulanten
Versorgung identifiziert [52]. Daher wurde fur fehlende Diagnosen im CCI null Punkte
vergeben. Das heil3t, dass zum Beispiel trotz fehlender dokumentierter Diagnose im CCI
eine Herzinsuffizienz und/oder mafig schwere bis schwere Nierenerkrankung beim
Pflegebedurftigen vorliegen konnte. Fiur die Auswertung der Verordnungsrate der
Schleifendiuretika koénnte dies bedeuten, dass der prozentuale Anteil an
Pflegebedirftigen (15,5%) mit einer Verordnung fir Schleifendiuretika ohne
angemessene Indikation Uberschatzt werden konnte [28]. Andererseits sind die

aufgefuhrten Ergebnisse ahnlich zu friheren Arbeiten von Kdlzsch und Kollegen, wo
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27,5% der Pflegeheimbewohner in Deutschland Schleifendiuretika ohne angemessene
Indikation erhalten hatten [53]. Die insgesamt hohe Rate verordneter Schleifendiuretika
in diesem Setting konnte unter anderem auf die Hypertonie-Pravalenz von 78,4%
zurickgehen [28], obwohl nach Empfehlungen der Europaischen Gesellschaft fur
Kardiologie (ESC) und der Europaischen Gesellschaft fir Hypertonie (ESH) zur
medizinischen Behandlung der unkomplizierten Hypertonie lediglich Thiazid-/Thiazid-
ahnliche Diuretika empfohlen werden [54]. Der Einsatz von Schleifendiuretika ohne
angemessene Indikation wird fur &altere vulnerable Menschen aufgrund des erh6hten
Sturzrisikos als  problematisch  eingeschatzt [54]. Diuretika, insbesondere
Schleifendiuretika, gehéren zu den funf fuhrenden Wirkstoffklassen, deren UAW direkt
mit Hospitalisierungen einhergehen [55]. Altere Menschen sind hier besonders gefahrdet,
da mit zunehmendem Alter das Risiko fir Diuretika-assoziierte Elektrolyt- und Saure-
Base-Stérungen sowie Hypovolamie steigt [56-58]. Auch der Interaktionscheck in dieser
Untersuchung zeigte potenzielle klinisch relevante Interaktionen, die Uberwiegend
Diuretika betreffen und ein engmaschiges Monitoring erfordern [28]. In Anbetracht des
hohen Alters und der hohen Komorbiditatslast in diesem Setting wurden einige
Interaktionen mit Diuretika als schwerwiegend eingestuft (z.B.
Schleifendiuretika/Thiazide -  Glykoside, K-sparende Diuretika -  ACE-
Inhibitoren/Sartane) [28].

Neben der Uberversorgung mit Schleifendiuretika wurden in der vorliegenden Arbeit
32,3% (n = 21) der Pflegebedurftigen mit VHF ohne orale Antikoagulation mit Vitamin-K-
Antagonisten (VKA) oder direkten oralen Antikoagulantien (DOAK) identifiziert [28]. VHF
ist unter den kardiovaskularen Erkrankungen der fuhrende Risikofaktor fir einen
Schlaganfall [59]. Fur Patienten mit VHF wird das relative Risiko fiir einen Schlaganfall
im Alter von 80 bis 89 Jahren mit 4,5% angegeben, wahrend das relative Risiko flr
Patienten mit Hypertonie oder Herzinsuffizienz im selben Alter bei 1,7% liegt [59]. Alle
Pflegebedurftigen mit VHF (n = 65) in diesem Setting erzielten einen CHA2DS2-VAS
Score = 2, wahrend der Median bei 5 (Bereich 3 - 8) lag [28]. Bei einem CHA2DS2-VASc
Score = 2 liegt das thromboembolische Risiko bei mindestens 3,7% im Jahr [60]. Ferner
empfehlen aktuelle Leitlinien eine orale Antikoagulation mit VKA oder DOAK bei einem
CHA2DS2-VASc Score = 2 [43]. Trotz der hohen Pravalenz von Poly- und Multipharmazie
in der vorliegenden Arbeit waren die Pflegebedurftigen in diesem Setting mit oralen
Antikoagulantien unterversorgt [28]. Unterversorgung mit Antikoagulantien wurde bereits
in friheren Arbeiten berichtet [61-63].
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Die Uber- und Unterversorgung mit Arzneimitteln sind ferner ein Hinweis fir eine nicht
angemessene medizinische Versorgung von pflegebedirftigen Menschen mit

chronischen Schmerzen in diesem Setting.

Limitationen

In die vorliegende Arbeit wurden lediglich Pflegebedurftige aus Berlin und nicht aus ganz
Deutschland eingeschlossen. Aul3erdem bestand die Stichprobe aus einer kleinen
Anzahl an Pflegebedirftigen, da der Zugang zu dieser vulnerablen Gruppe in der eigenen
Hauslichkeit eine Herausforderung darstellte. Daher sind die hier aufgefuhrten
Ergebnisse nicht allgemein auf Deutschland Ubertragbar. Weiterhin beruhen die
Ergebnisse auf einer Momentaufnahme, denn die ACHE-Studie wurde als
Querschnittstudie konzipiert. Dies bedeutet, dass keine Aussagen zum zeitlichen Verlauf
des Schmerzgeschehens moglich waren. Fur die Auswertung der Gesamtmedikation
heil3t das, dass Persistenz von Poly- und Multipharmazie sowie Ausmal} der detektierten
potenziell mdglichen Arzneimittel-Interaktionen nicht bewertet werden konnte. Somit
konnte nicht beurteilt werden, ob arztliche KorrekturmalRnahmen oder klinische

Nachuntersuchungen stattgefunden haben.

Schlussfolgerung

Diese Arbeit prasentiert erstmals Daten und Fakten zur Schmerzsituation in der
ambulanten Versorgung in Berlin (Publikation 1) [26] und zeigt erhebliche Defizite in
Qualitat und Angemessenheit des pharmakologischen Schmerzmanagements
(Publikation 2) [27] sowie der medizinischen Versorgung mit Arzneimitteln von alteren,
multimorbiden Pflegebedurftigen (mit oder ohne kognitiven Einschrankungen) mit
chronischen Schmerzen (Publikation 3) [28].

Vor dem Hintergrund einer hohen Komorbiditatslast sowie medikamentdser Unter- bzw.
Fehlversorgung besteht ein dringender Bedarf flr interdisziplindre Versorgungskonzepte
in der hauslichen Schmerzversorgung von Aalteren Pflegebedirftigen. Beim
medikamentdésen Schmerzmanagment sollte, insbesondere in der ambulanten
Versorgung, eine hohe Kommunikationsarbeit zwischen Arzten/-innen und
Pflegepersonal stattfinden [64, 65], aber auch der Einbezug von Apothekern/-innen ist
erforderlich [18]. Pflegebedurftige sollten selbst auch als wichtige Akteure mit in die

medikamentdse Schmerztherapie einbezogen werden [18].
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Die vorliegenden Ergebnisse [26-28] kdonnen als Grundlage flur die Entwicklung und
Testung von InterventionsmaflRnahmen in der ambulanten Versorgung dienen, um in
diesem Setting die medikamentdse Versorgung inklusive der Schmerzversorgung zu

verbessern und die Lebensqualitat der Pflegebedurftigen zu steigern.
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10.3389/fphar.2021.686990

Beitrag im Einzelnen: Im Rahmen der vorliegenden Arbeit war ich an der Rekrutierung von
Pflegebedirftigen tUber Berliner Pflegedienste und der Datenerhebung beteiligt. Als wissenschaftliches
Instrument zur Auswertung der individuellen Komorbiditatslast von Pflegebedirftigen in der ambulanten
Versorgung nutzte ich den CCIl. Weiterhin wertete ich Ausmaf} und Konsequenzen von Polypharmazie
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einschlieRlich Uber-/Unterversorgung von Arzneimitteln in diesem vulnerablen Setting aus. Die
Aufbereitung der erforderlichen Daten fuhrte ich in SPSS 25 durch. Das Ausmafd von Polypharmazie
wertete ich eigensténdig mittels deskriptiver Statistik aus. Als Konsequenz von Polypharmazie prifte ich
das Vorkommen von Interaktionen relevanter Arzneistoffklassen (z. B. Antikoagulantien, Diuretika,
Simvastatin) in diesem Setting. Ausmaf und Schweregrad der Interaktionen bewertete ich im Zuge von
Fall-zu-Fall Besprechungen in wissenschaftlicher Diskussion mit Prof. Dr. med. Reinhold Kreutz und Ph.D
Engi Abd Elhady Algharably. Zur Auswertung der Uberversorgung mit Arzneimitteln untersuchte ich die
Verordnungsrate von Schleifendiuretika im Hinblick auf angemessene Indikation wie beispielsweise
Odeme, Herzinsuffizienz oder fortgeschrittene chronische Nierenerkrankung. Um die Fragestellung auf
Unterversorgung mit Arzneistoffen zu beantworten, priifte ich die Verordnung von oralen Antikoagulantien
bei Pflegebedurftigen mit Vorhoffimmern unter Berlicksichtigung des individuellen thromboembolischen
Risikos Uber den CHA2DS2-VASc (Congestive heart failure/left ventricular dysfunction, Hypertension, Age
275 [doubled], Diabetes, Stroke [doubled] — Vascular disease, Age 65-74, and Sex category [female])
Score. Aus meiner statistischen Auswertung resultieren alle Tabellen und Abbildungen sowie das zu
Publikation 3 zugehdrige erganzende Material. Ich Ubernahm die Federfihrung bei der Erstellung des
ersten Artikelentwurfs. Der wissenschaftliche Hintergrund, die Beschreibung der angewendeten Methodik,
die Préasentation der Ergebnisse und die Diskussion wurden eigensténdig von mir unter Beriicksichtigung
aktueller Literatur verfasst. Konstruktive Vorschlage zum Manuskript erhielt ich von Prof. Dr. med. Reinhold
Kreutz, Ph.D Engi Abd Elhady Algharably, PD Dr. Dagmar Drager, Dr. rer. medic. Andrea Budnick und
Dipl.-Med.-Pad. Arlett Wenzel. Ich Gbernahm als Erstautorin den Einreichungsprozess bei ,Frontiers in
Pharmacology® und war zudem verantwortlich fur die Revision vom Journal. Ferner war ich
Ansprechpartnerin fir alle Interaktionen mit ,Frontiers of Pharmacology”.

Unterschrift, Datum und Stempel des/der erstbetreuenden Hochschullehrers/in

Unterschrift des Doktoranden/der Doktorandin
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6.2 Publikation 2: Schneider J, Algharably E, Budnick D, Wenzel A, Drager D, Kreutz
R. Deficits in pain medication in older adults receiving home care: A cross-
sectional study in Germany. PLoS One. 2020 Feb;15(2):e0229229.
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Abstract

Objective

To analyze the pattern and appropriateness of pain medications in older adults receiving
home care.

Methods

We performed a prospective cross-sectional study in patients >65 years old having chronic
pain and receiving home care in Berlin, Germany. Data on prescribed pain medications
were collected using self-reported information, nursing documents, and medication plans
during interviews at home. Pain intensity was determined with the numeric rating scale
(NRS) and the Pain Assessment In Advanced dementia (PAINAD) scale. The Pain Medica-
tion Appropriateness Scale score (Spmas) was applied to evaluate inappropriateness (i.e. a
score <67) of pain medication.

Results

Overall 322 patients with a mean age of 82.1 £ 7.4 years (71.4% females) were evaluated.
The average pain intensity scores during the last 24 hours were 5.3+ 2.1 and 2.3+ 2.3 0on
NRS and PAINAD scale (range 0-10, respectively). Sixty (18.6%) patients did not receive
any pain medication. Among the treated patients, dipyrone was the most frequently pre-
scribed analgesic (71.4%), while 50.8% and 19.1% received systemic treatment with opioids
and non-steroidal anti-inflammatory drugs, respectively. The observed median Spmas was
47.6 (range 0—100) with 58 (18.0%) of patients achieving appropriate values. Half of the
patients were treated with scheduled, while 29.9% were only treated with on-demand medi-
cations. Cognitive status had no effect on appropriateness of pain treatment.
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Conclusions

We observed substantial deficits in dosing patterns and appropriateness of pain medication
in older adults with pain receiving home care. This applied to both patients with and without
severe cognitive impairment.

Introduction

The global population has experienced a demographic change over the last century towards
an aging population [1]. In Germany, an estimated 3.4 million individuals are in need of
care and the majority of them (81%) are more than 65 years old, while 35% are at least 85
years old [2]. For this elderly population, pain represents a significant problem due to the
high prevalence of musculoskeletal disorders, cancer, neuropathy and other medical condi-
tions for which pain is a major symptom [3]. The prevalence estimates of chronic pain in
the general population in Europe range from 12% to 30%, while in Germany a rate of 17%
has been previously reported [4]. A more recent meta-analysis reported that about 62% of
the population over the age of 75 years suffered from chronic pain in the UK indicating that
the burden of chronic pain increases in line with aging [5]. On the other hand, a previous
study indicated that there is an age-dependent discrepancy between the prevalence of
chronic pain and pain interference or suffering from chronic pain [6]. Nevertheless, in the
elderly it is estimated that about 70% of elderly individuals in home care are suffering from
pain [7]. The problem is further complicated in those with cognitive impairment who are
mostly incapable of communicating their own symptoms, which hinders appropriate man-
agement of pain in this population [8].

While pain itself is not a disease, rather a symptom to a multitude of underlying health
disorders, chronic pain is regarded by some as a disease in its own right [9]. The implemen-
tation of a separate diagnostic code for chronic pain according to the newest International
Classification of Diseases (ICD-11) underlines the need for better care for patients with
chronic pain [10].

Uncontrolled pain substantially affects daily activities such as sleeping, housework and
social relationships, and despite a plethora of available analgesic drugs, pain remains inade-
quately treated in most elderly patients [11, 12]. On the other hand, improved pain relief can
positively reactivate a person’s physical and mental condition [13].

The elderly population is challenging in terms of its complexity and heterogeneity where
comorbidity and polypharmacy complicate frailty [14]. Thus, improper use of pain medica-
tions and polypharmacy increases the risk of drug interactions and developing adverse drug
reactions in the elderly [15]. The latter accounts for a great burden of disease in these patients
including the need for hospital admission [16]. Hence, a recent meta-analysis showed that
among patients admitted to hospital because of adverse drug reactions, non-steroidal anti-
inflammatory drugs (NSAIDs) were frequently related to these admissions (percentages range
from 2.3 to 33.3%) [16]. Optimal medical management and nursing care in pain treatment
are thus essential to reduce morbidity and costs in long-term care. Nevertheless, to implement
appropriate pharmacologic pain management in practice remains a challenging task.

We set out to assess the pattern of prescribed pain medications and their appropriateness in
older adults receiving home care. We performed a prospective cross-sectional study in Berlin,
Germany, and included patients independently from their cognitive status; thus patients with
cognitive impairment were also enrolled.
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Methods
Design and setting

The current analysis is a pre-specified analysis of the recently completed ACHE study (“Devel-
opment of a Model for PAin Management in Older Adults ReCeiving Home CarE”) in Ger-
many. ACHE is an observational cross-sectional study conducted in the home care setting in
Berlin, Germany, from May 2017 to April 2019. The study complies with the declaration of
Helsinki and was approved by the ethical committee of the Charité, Universititsmedizin Berlin
(EA1/368/14). Written informed consent was obtained by all the patients or their legal guard-
ians in case of cognitive impairment.

Study population

Older adults receiving home care were mainly recruited through ambulatory nursing services
(Fig 1) and were included if they met the following criteria: 1) aged 65 years or older; 2) suffer-
ing from chronic pain (> 3 months); 3) live at their own homes and 4) in need of care accord-
ing to the legal regulations in Germany. Importantly, patients were enrolled independently
from their cognitive status. Thus, we also included patients with cognitive impairment. There
were 82 (15%) of 546 ambulatory care stations in Berlin that volunteered to take part in the
study. The cognitive state of all patients was assessed using the Mini Mental Status Examina-
tion (MMSE) [17].

Data collection

Data were obtained through face-to-face interviews in the patients’ own homes by five trained
research assistants with different educational and professional qualifications including back-
grounds in pharmacy, medical education, social science, nursing, or occupational therapy.
Data on pain characteristics, pain management strategies, demographics as well as the level

of care were collected and were based primarily on patients’ self-report, caregiving relatives,
nurses and, if available, medication plans (Table 1). Drug-related data were systematically
obtained by scanning medication packages using barcode scanners and the Instrument for
Database-assisted Online recording for Medication (IDOM) [18]. The latter is based on detailed
classification data provided by the AOK Research Institute (WIdO) that were updated on a
monthly basis. All information regarding the active ingredients, the anatomical therapeutic
chemical (ATC) classification, dosage, the mode of administration, “over the counter” (OTC)-
drugs and nutritional supplements were recorded. Moreover, the investigators asked how
patients obtained their drugs (e.g. by prescription, doctor’s recommendation or self-medica-
tion), the frequency of administration (scheduled or on-demand) as well as the duration of
treatment. The gathered information about medications, diagnosis, and pain intensity, as well
as pain relief by medications by the physician were utilized later to assess the appropriateness
of pain management.

Instruments and measures

Pain management was evaluated by using the Pain Medication Appropriateness Scale (i.e.
PMAS) originally designed to detect problems in pain therapy in nursing homes [21]. The
PMAS is a valid tool to analyze the pharmacological treatment of pain. To check for scale reli-
ability, Cronbach s coefficient alpha was calculated for PMAS [22]. This scale consists of ten
items allocated to five main domains (appropriate medication for pain syndrome, scheduled
dose interval, titration of medication to severity of pain including the pain management index
(PMI), constipation prevention, and exclusion of geriatric high-risk drugs). In a previous
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is a service in Germany that provides advices to family caregivers regarding home care related issues.
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Table 1. Patient characteristics.

Characteristics Full study population PMAS population
Total N=355 |WomenN =254 (71.5%) |Men N =101 (28.5%) Total N=322 | Women N =230(71.4%) |MenN =92 (28.6%)

Age (years) 822+7.5 83.0+7.1 804 +84 82.1+£74 82.7+£6.9 80.4+83
Care level (%)*
1 113 9.8 14.8 124 10.9 16.3
2 44.8 45.7 42.6 46.6 48.3 42.4
3 21:1 20.1 23.8 20.8 19.6 23.9
4 12.7 13.8 9.9 10.9 11.3 9.8
5, 7:3 il %8 6.8 6.9 6.5
nd 2.8 35 1.0 25 3.0 1.1
MMSE (%)"°
0-17 points 226 237 19.8 18.9 195 17.4
18-23 points 15.8 154 16.8 15.8 17.0 13.0
24-30 points 61.6 60.9 63.4 65.3 63.5 69.6
Barthel index®* 66.7 £ 27.5 66.9 £ 26.5 66.3 +29.9 68.7 £ 26.4 69.4 +24.9 67.0 £29.8

PMAS, Pain Medication Appropriateness Scale; nd, not determined; MMSE, Mini Mental State Examination.
*According to § 15 SGB XI, the level of care is based on the degree of self-dependence and ranges from 1 (lowest degree) to 5 (most severe impairment with special

requirements for nursing care).
>The MMSB-score was calculated for 354 individuals.

According to the MMSB dlassification [19]: 0-17 (severe cognitive impairment), 18-23 (mild cognitive impairment), 24-30 (no cognitive impairment).

9The Barthel-index was calculated for 349 individuals of the total population and for 319 of the PMAS population.

“The motor function restriction is graded by the Barthel index into [20]: 0-15 (very severe), 20-30 (severe), 40-55 (intermediate severe), 60-75 (intermediate), 80-95
(low) and 100 (no or minimal functional impairment).

hitps://doi.org/10.1371/journal.pone.0229229.1001

study, the PMAS was successfully adapted for the evaluation of pain medication management
in Germany [23]. For the evaluation of PMAS, pain intensity was assessed using numeric rat-
ing scales (NRS) for pain as implemented within the Brief Pain Inventory (BPI) [24] in patients
without cognitive impairment. In patients with an MMSE value <10 or in whom NRS could
not be evaluated for other reasons, the Pain Assessment In Advanced Dementia (PAINAD)
scale [25] was applied. The corresponding validated German transcript for the PAINAD scale
was used [26]. The BPI includes four NRS ranging from 0 (no pain} to 10 (worst imaginable
pain) to asses four items of pain intensity (worst pain, lowest pain, average pain, current pain})
over the past 24 hours.

The German PAINAD scale consists of five items that focus on characteristic behavior due
to pain in patients with advanced dementia as a physical indication of pain suffering (breath-
ing, negative vocalization, facial expression, body language and consolability). For each item
considering different behavioral patterns, there is a scale from 0 to 2 and total scores between 0
and 10 are possible.

A checklist for special types of pain was also applied. Functional status was evaluated by the
Barthel-Index (BI) [27, 28].

Only medications that were prescribed by the treating physicians were considered for
PMAS analysis, including both scheduled and on-demand medications; dosing intervals were
also considered. Furthermore, we adapted the PMAS according to current national guidelines
of pain management as well as high risk drugs avoided in geriatric patients [29, 30] (S1 Table).
In addition, we formulated a four-class categorization of the PAINAD-score using boxplots
and substantiated our approach by the Receiving Operating Characteristic (ROC)-curve analy-
sis (S2 Table and S1 Fig) [31].
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Each item of the PMAS was assessed if it applied to the patient’s individual situation. As a
result, there are different maximum points possible. The final PMAS-score (i.e. Sppras) reflects
a percentage considering the possible points (Sposisic)s as well as the applicable points (S¢ota)
according to the formula [21]:

Seasas = Z(Stuml)/ Z(s‘vossiblz) * 100

An Spypas <67 value indicates inappropriate pain medication as suggested [21]. In individ-
uals in whom self-reported pain assessment was not feasible, a score of >1 on the PAINAD
scale indicated probable pain.

Data analysis

Descriptive statistics were used to describe demographics of patients and variables related to
pain- and medications. Data were analyzed using IBM SPSS Statistics, version 25 (IBM Corp,
Armonk, NY). The analysis of Spy4 is based on an adapted version of the reported German
version of the PMAS [23]. The distribution of variables was checked using Shapiro-Wilks test.
For data without normal distribution, the non-parametric Mann-Whitney U test or Kruskal-
Wallis H test were used as appropriate. Thus, the latter was used to compare Spyas values of
the different subgroups related to the mode of drug intake (only on demand, only scheduled,
both, none) and was followed by Dunn-Bonferroni test for posthoc analysis. Data for Spyas
were presented as median and range. Spearman’s correlation and Chi-squared test were con-
ducted to check associations between patients‘characteristics and the Spygas. Statistical signifi-
cance was determined with an alpha value of 0.05.

Results
Study participants

A total of 355 patients (mean age 82.2 + 7.5 years, 71.5% females) met the formal inclusion
criteria of the overall ACHE study; data of 322 patients (mean age 82.1 + 7.4 years, 71.4%
females) were available for analysis of appropriateness of pain medication, i.e. PMAS popula-
tion (Table 1). Patients were excluded because of missing data regarding medication, diagnosis
or some other aspects that are necessary to calculate Spyr4s. The majority of patients (46.6%)
No or only mild cognitive impairment was observed in 261 (81.1%) patients, while 18.9% had
severe cognitive impairment (MMSE <17 points). The mean Barthel index was 68.7 + 26.4. All
patients suffered from chronic pain and had an average pain intensity score of 5.3 + 2.1 on the
NRS (range 0-10) during the last 24 hours. The corresponding score was 2.3 + 2.3 on the PAI-
NAD scale (range 0-10) in patients with cognitive impairment (n = 64). Overall 211 (65.5%)
patients reported current pain at the time of interviewing with an average intensity of 5.7 + 1.9
on the NRS and 3.0 + 2.2 on the PAINAD scale in the last 24 hours. The mean score for worst
pain that was obtained in patients with current pain and without cognitive impairment over
the past 24 hours was 6.9 + 2.1. Almost half of the patients (n = 155) have had chronic pain for
at least 10 years. Low back pain (75.8%), osteoarthritis (67.2%} and neuropathic pain (57.1%)
were the most frequently recorded underlying pain conditions, besides other diseases such as
headache (32.9%), rheumatoid arthritis (14.2%) and urarthritis (12.9%).

Pattern of pain medications

Overall sixty (18.6%) patients did not receive any pain medication and from the 211 patients
who reported having current pain during the interview, 37 (17.5%) received no prescribed
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pain medication. About half of the patients (162/322) were treated with systemically adminis-
tered scheduled analgesics. About a quarter of patients (81/322) were only treated with sched-
uled and 29.9% (96/322) received only on-demand medications.

Dipyrone was most frequently prescribed (Fig 2) in a total of 187 (71.4%) of treated patients
of whom 81 (43.3%) patients received dipyrone as monotherapy. The second most frequently
prescribed drug was ibuprofen in 38 (14.5%) of Lrealed patients. Only 50 (19.1%) of all Lreated
patients received systemic treatment with any NSAID, either as scheduled or as on-demand
medication. Overall 133 (50.8%) patients reccived treatment with systemic opioids most fre-
quently as scheduled treatment (n = 118), bul only 45.8% of the latler were prescribed addi-
tional treatment with laxatives for constipation prophylaxis.

celecoxib

n3proxen

tramadol + acetaminophen
indomethin

tapentadol

etor coxib

codene+ acetaminophen

morphine
other non-opioids
w
b
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=
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topical diclofenac
hydromor phone
buprenorphine
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fentany!

tildne
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0 20 40 60 80 100 120 140 160 180 200
Number of patients inthe PMAS population
Fig 2. Numbers of individuals with prescribed analgesics among the PMAS population. PMAS, Pain Medication Appropriateness Scale.
https://doi.org/10.1371/journal.pone.0229229.9002
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Appropriateness of pain medications

The observed median Spypas was 47.6 (range 0-100). The PMAS was reliable with a value of
0.83 for Cronbach ‘s alpha. According to the suggested cutoff of <67 [21], only 58/322 (18.0%)
of patients received adequate pain medication. Spyzas in patients with prescribed analgesics
was significantly higher (median: 53.3 [range 0-100]) than in subjects without any pain medi-
cation (median: 6.7 [range 0-66.7], Mann Whitney test, U = 1100.5, p < 0.001). Patients who
received only on-demand pain medication achieved lower Spypa5 values compared to patients
treated only with scheduled analgesics (median: 33.3 [range 0-100] vs. 50.0 [range 22.2-83.3],
Kruskal-Wallis H test, H = 197.3, p < 0.001). Patients managed by both scheduled and on-
demand medication (n = 84) obtained the highest Spaas (median: 71.4 [44.4-93.3], Kruskal-
Wallis H test, p < 0.001). Age, sex, cognitive state, school education, professional qualification,
functional state, and pain intensity did not significantly affect appropriateness of pain
medication.

‘We observed a moderate correlation between the number of prescribed analgesics and
Sparas (r=0.672; p < 0.001). Patients who achieved an Spy;45 <67 were treated with an average
of 1.1 + 0.8 (range 0-5) analgesic drugs, while patients with an Spysas >67 received 2.1 + 0.8
(range 1-4) medications. A total of 134 (51.1%) patients received only one analgesic, the
majority of them had an Sparas <67. Nevertheless, there were 10/58 (17.2%) patients who
were adequately treated with monotherapy (Fig 3).

Discussion

In the current cross-sectional study, we identified several important deficits in pain medication
treatment in older patients receiving home care in Germany. First of all, 18.6% of patients with
a history of chronic pain did not receive any pain medication. Secondly, a substantial number
of patients were, in contrast with guideline recommendations [32], only treated with either
scheduled (25.2%) or on-demand medications (29.9%). This is important against the back-
ground of the history of chronic pain and intensity of current pain as observed during the last
24 hours in our cohort of patients. According to the MOBILIZE Boston study [33], about 30%
of community-living older adults with moderate to severe pain were also inadequately treated,
while 50% did not receive any pain medication [33]. The latter finding might be explained by
the relative high ratio of patients with very mild to mild pain enrolled in this study [33]. Roy
et al. reported in agreement with our current findings, that 16% of institutionalized elderly
patients with pain did not receive treatment with analgesics [34]. We also found in a previous
study in the nursing home setting in Germany, that 20.6% of residents with chronic pain
received no treatment with pain medications [35].

In agreement with previous findings in Germany [23, 35], dipyrone was by far the most
frequently prescribed analgesic in the current study. Despite the well-known risk of agranulo-
cytosis associated with dipyrone [36], the use of this drug seems well justified particularly in
the vulnerable elderly population, because of its favorable overall risk-benefit profile as com-
pared to NSAIDs [37, 38). Although ibuprofen was the second most frequently prescribed
drug in our study, the overall prescription rate of systemic NSAIDs was relatively low (19.1%).
Their use is rated negatively in the evaluation of the appropriateness of pain medication in the
PMAS tool when prescribed as scheduled medication for a period longer than four weeks.
Furthermore, according to the Fit fOr The Aged (FORTA) List, NSAIDs should be generally
avoided in the elderly [30]. However, the use of acetaminophen, that is often preferred in
elderly patients due to its better safety profile [39], was also very low (5.0%). The latter could
be related to the fact that acetaminophen prescriptions in Germany are only reimbursed by
health insurances in patients suffering from severe pain and who are treated with opioids [40].

PLOS ONE | https://doi.org/10.1371/joumal.pone.0229229  February 21, 2020 8/14

62



©PLOS |ONE

Pain medication in home care

Percentages of patients
~n w IS w 8
o o o o

-
o

Number of analgesics per patient with respect to the
approriateness of pain medication

0 1 2 3 24
Number of analgesics per patient
Inappropriate pain medcation W Appropr ate pain medication
(Sparas $67) (Spasas >67)

Fig 3. Number of analgesics per patient with respect to the appropriateness of pain medication. Spycas, Score on the Pain Medication
Appropriateness Scale.
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On the other hand, a substantial fraction (50.8%) of treated patients in our study was treated
with opioids. This could be ascribed to the observed high prevalence of patients with osteoar-
thritis, low back pain and neuropathic pain in whom opioids are often recommended [32].
However, the usc of opioids for persistent pain is not without limitations particularly in the
treatment of older adults because of changes in their pharmacodynamic and pharmacokinelic
profile that may require dose adjustments [41]. Their long-term use may result in serious
adverse cffects such as sedation, impaired balance and falls [41] in the vulnerable clderly
population exposed Lo polypharmacy [42].

When considering appropriateness of pain medication, less than one fifth (18%) of patients
received adequate pain treatment according to the suggested Spyrag cutoff value >67 [21]. Our
results are thus consistent with a corresponding study in the nursing home selling in Germany
that reported also deficits in pain treatment, although with a somewhat higher percentage of
patients (i.c. 24%) receiving appropriate treatment [23, 43]. A more recent study by Rabenberg
et al. substantialed our results by reporting deficils in pain (reatment in the elderly [44]. In
their study, one out of ten older patients had a problem (under- or over-treatment) with pain
medications [44].

One strength of our study is related to the fact that we included also patients with severe
cognitive impairment (18.9%). This is in contrast to previous studies that either included only
a very small number of these patients [21] or excluded patients with moderate to severe
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cognitive impairment [33] or dementia [45]. In order to assess the appropriateness of pain
medication in the patients with severe cognitive impairment, we used a four-class categoriza-
tion of the PAINAD-score to assess pain severity in this group of patients with a cutoff value
of 1 for mild pain (S3 Table). In the literature, a cutoff score of 2 on the PAINAD scale indi-
cates likely pain in patients with dementia, nevertheless, pain cannot be ruled out with a score
less than 2 for cognitively impaired individuals [46].

The observed positive correlation between the number of analgesics and Spyas in the cur-
rent study is not surprising. A combination of two or more analgesics with complementary
always imply that patients with the highest number of analgesics are treated best. It is equally
important to consider the class of drug in relation to the pain condition, the dosage, dosing
interval and the mode of application that also affect appropriateness within the evaluation
using PMAS. Indeed, there were patients in our sample treated with analgesic monotherapy
who reached the threshold for appropriate treatment (Spygas >67). In addition, the combined
prescription of fast-onset, short-acting, on-demand analgesics with scheduled analgesics for
breakthrough pain is useful for optimal pain control [32]. This is corroborated by our finding
where patients treated with both scheduled and on-demand analgesics reached the highest
Spaas- In analogy to regularly-administered medications, clear information regarding the
dose (initial and maintenance), the dosing interval and the duration of treatment should be
provided to patients when on-demand medications are prescribed [47].

As a case in point, we noticed that for 40.6% of prescribed on-demand analgesics, the dos-
ing interval was unknown. In these cases, we could not assess whether these analgesics were
adequately dosed by physicians. As a result, no additional points for adequate dosing intervals
were considered during evaluation.

Our study has some limitations. First, we analyzed only a relatively small sample because
access to this study population is very difficult to achieve in Germany. Second, the patients
were interviewed/observed only once, i.e. at a single occasion. Third, no interrater reliability
validity was done in our study. However, interrater reliabilities in our previous studies using
a similar overall approach were found to be satisfactory and highly significant [23, 35]. The
PMAS has also some limitations as previously pointed out [21, 23, 35]. Thus, in the calculation
of the Spyp1as, non-pharmacological pain treatment is not considered. The potential of this
treatment modality should not be underestimated, especially in the elderly where side effects
of medications, drug-drug interactions, and comorbidities can impede the use of pharmaco-
logical treatments [48]. The combination of non-pharmacological and pharmacological pain
management is important for effective pain relief [14, 49]. Furthermore, no points are consid-
ered for treatment with co-analgesic drugs. Although co-analgesics are in general not primarily
indicated to treat pain, they are efficacious when combined with other analgesics [32, 50] and
may also be prescribed as monotherapy for special pain syndromes [32]. Nevertheless, the
PMAS tool is best known for its reliability and flexibility [43], whereby items could be elimi-
nated during assessment if they do not apply to individual patients. Accordingly, we modified
this scale in agreement with current recommendations regarding the use of cannabinoids in
the treatment of chronic pain [51, 52]. In addition, a moderate to high level for scale reliability
for the PMAS was indicated by a Cronbach s alpha value of 0.83 [22].

Conclusions and implications

‘We observed substantial deficits related to lack of treatment, inadequate dosing patterns and
overall high frequency of inappropriate use of pain medications in older adults with pain
receiving home care. Therefore, interventional strategies to improve treatment by

PLOS ONE | https://doi.org/10.1371/joumal.pone.0229229  February 21, 2020 10/14

64



B PLOS|ONE

Pain medication in home care

implementing a multidisciplinary network approach involving physicians, pharmacists, nurses
and patients, possibly supported by modern eHealth tools [53] is highly warranted.

Supporting information

S1 Fig. Box plot used for the four-class categorization of the PAINAD-score. In consider-
ation of all patients for whom the PAINAD sum score was available (n = 81), an appropriate
four class categorization was not possible (A). For further explorative data analyses, we
excluded patients with a total sum score of 0 on the PAINAD-scale (n = 57). Thus, we gota
boxplot indicating four classes of the PAINAD sum score (B) as described in S2 Table.
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S1 Table. Modification of the German version of the pain medication appropriateness
scale (PMAS). PMAS, Pain Medication Appropriateness Scale; NSAIDs, non-steroidal anti-
inflammatory drugs; PRISCUS list, Potentially Inappropriate Medications in the Elderly.
(DOCX)

S§2 Table. Four class categorizations of the PAINAD-score.
(DOCX)

$3 Table. The PAINAD-score cutoff according to ROC curve. With regard to the highest
level of sensitivity and specificity, a PAINAD score greater than 0.5 was chosen to determine
cognitively impaired patients with pain-associated physical expressions. ROC, Receiving
Operating Characteristic.

(DOCX)

Acknowledgments

The authors acknowledge the support of the Helmholtz Zentrum Miinchen, GmbH for licens-
ing the IDOM database and the AOK Research Institute (WIdO) for licensing the German
Drug Index. We are grateful to Johanna Lindner, Juliana Supplieth and Manuela Paschke for
excellent subject recruitment and data collection. Furthermore, we would like to thank the
National Association of Statutory Health Insurance Funds of Germany for funding. The spon-
sor had no role in the design, methods, subject recruitment, data collection, analysis or prepa-
ration of this manuscript. In addition, we acknowledge support from the German Research
Foundation (DFG) and the Open Access Publication Fund of Charité —Universititsmedizin
Berlin.

Author Contributions

Conceptualization: Andrea Budnick, Dagmar Dréger, Reinhold Kreutz.

Formal analysis: Juliana Schneider, Engi Algharably, Andrea Budnick, Reinhold Kreutz.
Funding acquisition: Andrea Budnick, Dagmar Driger, Reinhold Kreutz.
Investigation: Juliana Schneider, Arlett Wenzel.

Methodology: Juliana Schneider, Andrea Budnick, Arlett Wenzel, Dagmar Driger, Reinhold
Kreutz.

Project administration: Andrea Budnick, Dagmar Driger, Reinhold Kreutz.
Supervision: Dagmar Driger, Reinhold Kreutz.

Visualization: Juliana Schneider, Engi Algharably.

PLOS ONE | https://doi.org/10.1371/joumal.pone.0229229  February 21, 2020 11/14

65



B PLOS|ONE

Pain medication in home care

Writing - original draft: Juliana Schneider, Engi Algharably.

Writing - review & editing: Juliana Schneider, Engi Algharably, Andrea Budnick, Arlett

Wenzel, Dagmar Driager, Reinhold Kreutz.

References

L

GBD 2017 Population and Fertility Collaborators. Population and fertility by age and sex for 195 coun-
tries and territories, 1950-2017: a systematic analysis for the Global Burden of Disease Study 2017.
Lancet. 2018; 392(10159):1995-2051. Epub 2018/11/30. https:/doi.org/10.1016/S0140-6736(18)

Federal Statistical Office. Pflegestatistik 2017 (Statistical analysis about nursing and care): Statis-
tisches Bundesamt, Wiesbaden; 2018 [cited 2019 June 19]. https://www.destatis.de/DE/Themen/
deutschland-ergebnisse himl?nn=206104#234064. German.

Kirchberger |, Meisinger C, Heier M, Zimmermann A-K, Thorand B, Autenrieth CS, et al. Pattemns of
Multimorbidity in the Aged Population. Results from the KORA-Age Study. PLOS ONE. 2012; 7(1):
©30556. https://doi.org/10.1371/joumal.pone.0030556 PMID: 22291986

Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of chronic pain in Europe: prevalence,

10.1016/.6jpain.2005.06.009 PMID: 16095934.
Fayaz A, Croft P, Langford RM, Donaldson LJ, Jones GT. Prevalence of chronic pain in the UK: a sys-
tematic review and meta-analysis of population studies. BMJ Open. 2016; 6(6):e010364. Epub 2016/
06/22. https://doi.org/10.1136/bmjopen-2015-010364 PMID: 27324708.

Blyth FM, March LM, Brnabic AJM, Jorm LR, Williamson M, Cousins MJ. Chronic pain in Australia: a
prevalence study. Pain. 2001; 89(2):127-34.

Leiske M, Lahmann NA, Lindena G, Centmayer R, Suhr R. [Patients with pain in outpatient care. A
nationwide cross-sectional survey with path model]. Schmerz. 2015; 29(4):431-9. Epub 2015/05/23.
PMID: 25994605 German.

Hadjistavropoulos T, Herr K, Prkachin KM, Craig KD, Gibson SJ, Lukas A, et al. Pain assessment in
elderly adults with dementia. Lancet Neurol. 2014; 13(12):1216-27. Epub 2014/12/03. https:/doi.org/
10.1016/51474-4422(14)70103-6 PMID: 25453461.

Dzau VJ, Pizzo PA. Relieving pain in america: Insights from an institute of medicine committee. JAMA.
2014; 312(15):1507-8. https://doi.org/10.1001/jama.2014.12986 PMID: 25321905

Smith BH, Fors EA, Korwisi B, Barke A, Cameron P, Colvin L, etal. The IASP classification of chronic
pain for ICD-11: applicability in primary care. Pain. 2019; 160(1):83-7. Epub 2018/12/27. https://doi.org/
10.1097/.pain.0000000000001360 PMID: 30586075.

Malec M, Shega JW. Pain management in the elderly. Med Clin North Am. 2015; 99(2):337-50. Epub
2015/02/24. https://doi.org/10.1016/.mcna.2014.11.007 PMID: 25700587.

Savvas 8, Gibson S. Pain management in residential aged care facilities. Aust Fam Physician. 2015; 44
(4):198-203. Epub 2015/04/23. PMID: 25901403,

Reid KJ, Harker J, Bala MM, Truyers C, Kellen E, Bekkering GE, et al. Epidemiology of chronic non-can-
cer pain in Europe: narrative review of prevalence, pain treatments and pain impact. Curr Med Res
Opin. 2011; 27(2):449-62. https://doi.org/10.1185/03007995.2010.545813 PMID: 21194394

Makris UE, Abrams RC, Gurland B, Reid MC. Management of Persistent Pain in the Older Patient: A
Clinical Review Management of Persistent Pain in the Older Patient Management of Persistent Pain in
the Older Patient. JAMA. 2014; 312(8):825-37. https://doi.org/10.1001/ama.2014.9405 PMID:
25157726

Wastesson JW, Morin L, Tan ECK, Johnell K. An update on the clinical consequences of polypharmacy
in older adults: a narrative review. Expert Opin Drug Saf. 2018; 17(12):1185-96. Epub 2018/12/13.
https://doi.org/10.1080/14740338.2018.1546841 PMID: 30540223.

Oscanoa TJ, Lizaraso F, Carvajal A. Hospital admissions due to adverse drug reactions in the elderly. A
meta-analysis. Eur J Clin Pharmacol. 2017; 73(6):759-70. Epub 2017/03/03. https:/doi.org/10.1007/
s00228-017-2225-3 PMID: 28251277

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive
state of patients for the clinician. J Psychiatr Res. 1975; 12(3):189-98. Epub 1975/11/01. https:/doi.
org/10.1016/0022-3956(75)90026-6 PMID: 1202204.

Muhlberger N, Behrend C, Stark R, Holle R. Datenbankgestlitzte Online-Erfassung von Arzneimitteln
im Rahmen gesundheitswissenschaftlicher Studien Erfahrungen mit der IDOM-Software. In: Blettner

PLOS ONE | https://doi.org/10.1371/joumal.pone.0229229  February 21, 2020 12/14

66



B PLOS|ONE

Pain medication in home care

20.

21.

22

23.

24,

25.

26.

27.

28.

29:

30.

31.

32.

33.

34.

35.

36.

37.

38.

M, Kuhn K, Léffle M, editors. Informatik, Biometrie und Epidemiologie in Medizin und Biclogie 34.
Jena, Germany: Urban & Fischer Verlag GmbH & Co. KG; 2003. pp. 601-11. German.

Tombaugh TN, Mclntyre NJ. The mini-mental state examination: a comprehensive review. J Am Geriatr
Soc. 1992; 40(9):922-35. Epub 1992/09/01. https:/doi.org/10.1111/.1532-5415.1992.th01992 x

German Institute of Medical Documentation and Information (DIMDI). ICD-10-GM Version 2019. 2019
[cited 2019 May 09]. hitps://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/
htmlgm2019/. German.

Hutt E, Pepper GA, Vajir C, Fink R, Jones KR. Assessing the appropriateness of pain medication pre-
scribing practices in nursing homes. J Am Geriatr Soc. 2006; 54(2):231-9. Epub 2006/02/08. https://
doi.org/10.1111/.1532-5415.2005.00582.x PMID: 16460373.

Peterson RA. A Meta-analysis of Cronbach’s Coefficient Alpha. Joumnal of Consumer Research. 1994;
21(2):381-91.

Kolzsch M, Wulff |, Ellert S, Fischer T, Kepke K, Kalinowski S, etal. Deficits in pain treatment in nursing
homes in Germany: a cross-sectional study. Eur J Pain. 2012; 16(3):439-46. Epub 2012/02/18. hitps:/
doi.org/10.1002/].1532-2149.2011.00029.x PMID: 22337470.

Radbruch L, Loick G, Kiencke P, Lindena G, Sabatowski R, Grond S, et al. Validation of the German
version of the Brief Pain Inventory. J Pain Symptom Manage. 1999; 18(3):180-7. Epub 1999/10/12.
https://doi.org/10.1016/50885-3924(99)00064-0 PMID: 10517039.

Warden V, Hurley AC, Volicer L. Develepment and psychometric evaluation of the Pain Assessment in
Advanced Dementia (PAINAD) scale. J Am Med Dir Assoc. 2003; 4(1):9—15. Epub 2003/06/17. https:/
doi.org/10.1097/01.JAM.0000043422.31640.F7 PMID: 12807591.

Basler HD, Huger D, Kunz R, Luckmann J, Lukas A, Nikolaus T, et al. [Assessment of pain in advanced
dementia. Construct validity of the German PAINAD]. Schmerz. 2006; 20(6):519-26. Epub 2006/07/20.
PMID: 16850304. German.

Mahoney FI, Barthel DW. FUNCTIONAL EVALUATION: THE BARTHEL INDEX. Md State Med J.
1965; 14:61-5. Epub 1965/02/01. PMID: 14258950.

Lubke N, Meinck M, Von Renteln-Kruse W. [The Barthel Index in geriatrics. A context analysis for the
Hamburg Classification Manual]. Z Gerontol Geriatr. 2004; 37(4):316—26. Epub 2004/09/01. https:/doi.
org/10.1007/s00391-004-0233-2 PMID: 15338161. German.

Holt S, Schmied! S, Thirmann PA. Potentially Inappropriate Medications in the Elderly: The PRISCUS
list 2011 [cited 2019 July 30]. https:/media.gelbe-liste.de/documents/priscus-liste.pdf. German.
Pazan F, Weiss C, Wehling M, Wehling M, Burkhardt H, Schwarz S, et al. The FORTA (Fit fOR The
Aged) List 2018: Third Version of a Validated Clinical Tool for Improved Drug Treatment in Older Peo-
ple. Drugs Aging. 2019; 36(5):481-4. https:/doi.org/10.1007/s40266-019-00669-6 PMID: 30941728

Fombonne E. The use of questionnaires in child psychiatry research: measuring their performance and
choosing an optimal cut-off. J Child Psychel Psychiatry. 1991; 32(4):677-93. Epub 1991/05/01. https:/
doi.org/10.1111/.1469-7610.1991.tb00343 x PMID: 1864896.

American Geriatrics Society. Pharmacological Management of Persistent Pain in Older Persons. J Am
Geriatr Soc. 2009; 57(8):1331-486. https://doi.org/10.11114.1532-5415.2009.02376 x PMID: 19573219

Nawai A, Leveille SG, Shmerling RH, van der Leeuw G, Bean JF. Pain severity and pharmacologic pain
management among community-living older adults: the MOBILIZE Boston study. Aging Clin Exp Res.
2017. Epub 2017/02/23. https://doi.org/10.1007/s40520-016-0700-9 PMID: 28224474,

Roy R, Thomas M. A survey of chronic pain in an elderly population. Can Fam Physician. 1986;
32:513-6. PMID: 21267148.

Konner F, Budnick A, Kuhnert R, Wulff |, Kalinowski S, Martus P, et al. Interventions to address deficits
of pharmacological pain managementin nursing home residents—A cluster-randomized trial. Eur J
Pain. 2015; 19(9):1331-41. Epub 2015/02/19. https://doi.org/10.1002/ejp.663 PMID: 25690438.

Nikolova |, Tencheva J, Voinikov J, Petkova V, Benbasat N, Danchev N. Metamizole: A Review Profile
of a Well-Known “Forgotten” Drug. Part |: Pharmaceutical and Nonclinical Profile. Biotechnol & Biotech-
nol Eq. 2012; 26(6):3329-37. https://doi.org/10.5504/BBEQ.2012.0089

Konijnenbelt-Peters J, van der Heijden C, Ekhart C, Bos J, Bruhn J, Kramers C. Metamizole (Dipyrone)
as an Altemative Agent in Postoperative Analgesia in Patients with Contraindications for Nonsteroidal
Anti-Inflammatery Drugs. Pain Pract. 2017; 17(3):402-8. Epub 2016/06/28. https://doi.org/10.1111/
papr.12467 PMID: 27346584.

Schmidt M, Lamberts M, Olsen AM, Fosboll E, Niessner A, Tamargo J, et al. Cardiovascular safety of
non-aspirin non-sterocidal anti-inflammatory drugs: review and position paper by the working group for
Cardiovascular Pharmacotherapy of the European Society of Cardiology. Eur Heart J. 2016; 37
(13):1015-23. Epub 2016/03/18. https:/doi.org/10.1093/eurheartj/ehv505 PMID: 26984863.

PLOS ONE | https://doi.org/10.1371/joumal.pone.0229229  February 21, 2020

13/14

67



B PLOS|ONE

Pain medication in home care

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

515

52

53.

Abdulla A, Adams N, Bone M, Elliott AM, Gaffin J, Jones D, et al. Guidance on the management of pain
in older people. Age Ageing. 2013; 42 Suppl 1:i1-57. Epub 2013/02/27. https:/doi.org/10.1093/ageing/
afs200 PMID: 23420266.

Federal Joint Committee. Anlage | zum Abschnitt F der Arzneimittel-Richtlinie: Zugelassene Ausnah-
men zum gesetzlichen Verordnungsauschluss nach §34 Abs. 1 Satz 2 SGB V (OTC-Ubersicht) 2018
[cited 2019 April 18]. https://www.g-ba.de/downloads/83-691-507/AM-RL-1-OTC-2018-11-09.pdf.
German.

Galicia-Castillo M. Opioids for persistent pain in older adults. Cleve Clin J Med. 2016; 83(6):443-51.
Epub 2016/06/10. PMID: 27281257.

Hamza SA, Adly NN, Abdelrahman EE, Fouad IM. The relation between falls and medication use
among elderly in assisted living facilities. Pharmacoepidemiol Drug Saf. 2019; 28(6):849-56. Epub
2019/03/29. https://doi.org/10.1002/pds.4775 PMID: 30920085.

Koélzsch M, Kénner F, Kalinowski S, Wulff |, Dréger D, Kreutz R. Qualitét und Angemessenheit der
Schmerzmedikation. Schmerz. 2013; 27(5):497-505.

Rabenberg A, Schulte T, Hildebrandt H, Wehling M. The FORTA (Fit fOR The Aged)-EPI (Epidemiologi-
cal) Algorithm: Application of an Information Technology Tool for the Epidemiological Assessment of
Drug Treatment in Older People. Drugs Aging. 2019; 36(10):969-78. https:/doi.org/10.1007/s40266 -
019-00703-7 PMID: 31435913

Markotic F, Cemi Obrdalj E, Zalihic A, Pehar R, Hadziosmanovic Z, Pivic G, et al. Adherence to pharma-
cological treatment of chronic nonmalignant pain in individuals aged 65 and older. Pain Med. 2013; 14
(2):247-56. Epub 2013/02/02. https:/dei.org/10.1111/pme. 12035 PMID: 23368967.

Zwakhalen SM, van der Steen JT, Najim MD. Which score most likely represents pain on the observa-
tional PAINAD pain scale for patients with dementia? J Am Med Dir Assoc. 2012; 13(4):384-9. Epub
2011/06/07. https://doi.org/10.1016/.jamda.2011.04.002 PMID: 21640656.

Demuth A, Grandt D, Radecke K. Anforderungen an die Verordnung und Anwendung von Bedarfsmedi-
kation zur Gewahrleistung von Arzneimitteltherapiesicherheit. AVP. 2017; 44(1):39-43.

Tsai YF, LiuLL, Chung SC. Pain prevalence, experiences, and self-care management strategies
among the community-dwelling elderly in Taiwan. J Pain Symptom Manage. 2010; 40(4):575-81. Epub
2010/08/04. https://doi.org/10.1016/.jpainsymman.2010.02.013 PMID: 20678896.

Shropshire M, Stapleton SJ, Dyck MJ, Kim M, Mallory C. Nonpharmacolegical interventions for persis-
tent, noncancer pain in elders residing in long-term care facilities: An integrative review of the literature.
Nurs Forum. 2018; 53(4):538-48. Epub 2018/09/23. https:/doi.org/10.1111/nuf. 12284 PMID:
30242833.

Marcum ZA, Duncan NA, Makris UE. Pharmacotherapies in Geriatric Chronic Pain Management. Clin
Geriatr Med. 20186; 32(4):705-24. Epub 2016/10/16. hitps:/doi.org/10.1016/.cger.2016.06.007 PMID:
27741965.

Whiting PF, Wolff RF, Deshpande S, Di Nisio M, Duffy S, Hemandez AV, et al. Cannabinoids for Medi-
cal Use: A Systematic Review and Meta-analysis. JAMA. 2015; 313(24):2456-73. Epub 2015/06/24.
https://doi.org/10.1001/jama.2015.6358 PMID: 26103030.

Abrams DI. The therapeutic effects of Cannabis and cannabinoids: An update from the National Acade-
mies of Sciences, Engineering and Medicine report. Eur J Intern Med. 2018; 49:7-11. Epub 2018/01/
13. hitps://doi.org/10.1016/.ejim.2018.01.003 PMID: 29325791.

Parker SJ, Jessel S, Richardson JE, Reid MC. Older adults are mobile too!ldentifying the barriers and
facilitators to older adults’ use of mHealth for pain management. BMC Geriatr. 2013; 13:43. Epub 2013/
05/08. https:/doi.org/10.1186/1471-2318-13-43 PMID: 23647949.

PLOS ONE | https://doi.org/10.1371/joumal.pone.0229229  February 21, 2020 14/14

68



Anhéange zu Publikation 2

00

S1 Figure. Box plot used for the four-class categorization of the PAINAD-score.

In consideration of all patients for whom the PAINAD sum score was available (n=81), an
appropriate four class categorization was not possible (A). For further explorative data
analyses, we excluded patients with a total sum score of 0 on the PAINAD-scale (n=57). Thus,
we got a boxplot indicating four classes of the PAINAD sum score (B) as described in S2 Table.
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S1 Table. Modification of the German version of the Pain Medication Appropriateness Scale
(PMAS).

Item on the PMAS Modification

Item 2. Neuropathic pain: = Points were also possible for capsaicin

and cannabinoids.

Item 6. Pain severity — calculation of the Pain | = Cannabinoids were considered as non-

Management Index (PMI): opioid analgesics and were scored with 1
point.

= Tapentadol was considered as a strong
opioid and was scored with 3 points.

Item 9. Appropriate constipation prevention | = It is possible, to add points to reach 3/3

with scheduled opioids: points.

Item 10. Drugs to avoid in geriatric patients: | * - 1 point for routine dosing of NSAIDs
excluding topical NSAIDs

= -1 point for antiarrhythmic drugs of class
1 and sotalol

= -1 point for clonidine excluding topical
clonidine

= -1 point for Hi-antihistamines according
to PRISCUS list

= - 1 point for promethazine and strong
sedative neuroleptics excluding
melperone and pipamperon

= - 1 point for anticholinergic muscle
relaxants or antispasmodics
(orphenadrine, hyoscyamine, atropine,
oxybutynin, solifenacin, tolterodine (not

retarded), baclofen and tetrazepam)
PMAS, Pain Medication Appropriateness Scale; NSAIDs, non-steroidal anti-inflammatory drugs; PRISCUS list, Potentially
Inappropriate Medications in the Elderly.

S2 Table. Four class categorizations of the PAINAD-score.

Categories Pain severity

0 No observed pain pattern
1-2 Mild pain

3-4 Moderate pain

25 Severe pain




S$3 Table. The PAINAD-score cutoff according to ROC curve.

Positive, if greater than or
equal to a. Sensitivity 1 - Specificity
-1,00 1,000 1,000
,50 1,000 ,400
1,50 1,000 ,225
2,50 1,000 ,000
3,50 ,683 ,000
4,50 ,561 ,000
5,50 ,341 ,000
6,50 ,146 ,000
7,50 ,098 ,000
9,00 ,000 ,000

a. The smallest cutoff value is the minimum observed rest value minus 1, and the largest cutoff
value is the maximum observed test value plus 1. All the other cutoff values are the averages
of two consecutive ordered observed test values.

With regard to the highest level of sensitivity and specificity, a PAINAD score greater than 0.5
was chosen to determine cognitively impaired patients with pain-associated physical
expressions. ROC, Receiving Operating Characteristic.
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Aim: To measure the extent of polypharmacy, multimorbidity and potential medication-
related problems in elderly patients with chronic pain receiving home care.

Methods: Data of 355 patients aged =85 years affected by chronic pain in home care who
were enrolled in the ACHE study in Berlin, Germany, were analyzed. History of chronic
diseases, diagnoses, medications including self-medication were collected for all patients.
Multimorbidity was defined as the presence of =2 chronic conditions and levels were
classified by the Charlscn-Comorbidity-Index. Polypharmacy was defined as the
concomitant intake of =5 medications. Potentially clinically relevant drug interactions
were Identified and evaluated; underuse of potentially useful medications as well as
overprescription were also assessed.

Results: More than half of the patients {(55.4%) had moderate to severe comorbidity levels.
The median number of prescribed drugs was 9 {range 0-25) and polypharmacy was
detected in 89.6% of the patients. Aimost half of them (49.3%) were affected by excessive
polypharmacy (=10 prescrived drugs). Polypharmacy and excessive polypharmacy
occurred at all levels of comorbidity. We detected 184 potentialy relevant drug
interactions in 120/353 {34.0%) patients and rated 57 {31.0%) of them as severe.
Underprescription of oral anticoagulants was detected in 32.3% of patients with atrial
fibrillation whereas potential overprescription of loop diuretics was cbserved in 15.5% of
patients.

Conclusion: Multimorbidity and polypharmacy are highly prevalent in elderly outpatients
with chronic pain receiving home care. Medication-related problems that could impair
safety of drug treatment in this population are resulting from potentially relevant drug
interactions, overprescribing as well as underuse.

Keywords: chronic pain, comorbidity, drug-drug interactions, elderly, medication-related problems, multimorbidity,
outpatient, polypharmacy
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Medication Errors in Elderly Outpatients

INTRODUCTION

Over the last few decades, the population of older adult has grown
worldwide especially in the developed countries (Mathers et al.,
2015). Between 2000 and 2016, the global life expectancy
increased by 55years with a mean age of 72years (World
Health Organization, 2019). The number of individuals having
two or more chronic conditions, referred to as multimorbidity has
also increased with population aging according to a WHO Werld
Health Survey reporting data from 28 countries between 2001 and
2004 (Afshar et al, 2015). The average number of chronic
diseases per patient aged over 60 years was estimated to be 5.3
in men and 5.7 in women in Germany (Kostev and Jacob, 2018).
Multimorbidity is associated with poorer health outcomes (Xu
et al, 2017), higher mortality rates (McPhail, 2016) and impacts
profoundly on healthcare utilization and costs (McPhail, 2016).
Polypharmacy is a common clinical consequence of
multimorbidity in older adults encompassing not only
prescribed but also over-the-counter medications including
among others herbal supplements (Pitkild et al, 2016).
Commonly defined as the concomitant use of =5 medications
daily (Masnoon et al., 2017), polypharmacy is a formidable
problem posing a multitude of negative health outcomes
(Maher et al, 2014). It increases the risk of adverse drug
reactions, adverse drug events (e.g, falls, fractures, and acute
kidney injury), inappropriate medication, medication errors,
drug-drug interactions (DDI) and increased risk of mortality
(Maher et al,, 2014; Chang et al., 2020). Moreover, polypharmacy
reduces adherence to appropriate pharmacotherapy and may
contribute to physical disability and lower cognitive functions
(Wastesson et al,, 2018). Optimizing prescribing for elderly is of
paramount importance as it can improve health outcomes in
multimorbid vulnerable patients e.g, patients with chronic pain.
Those patients are particularly susceptible to high multimorbidity
burdens as well as risk of polypharmacy (Hubbard et al,, 2015;
Nakad et al,, 2020). Moreover, a strong association was found
between a high burden of comorbidity and pain severity in elderly
(Leong et al,, 2007; Blyth et al, 2008). We therefore aimed to
analyze the extent of multimorbidity and polypharmacy in elderly
chronic pain patients receiving home care and assessed potential
medication-related problems in this target group.

MATERIAL AND METHODS

Design and Setting

The current analysis is a planned pre-specified subanalysis of the
ACHE study (“Development of a Model for PAin Management in
Older Adults ReCeiving Home CarE”) in Germany. Briefly,
ACHE was an observational cross-sectional analysis of a
population-based cohort of older adults which focused on pain
management in home care and has been described previously in
detail (Schneider et al, 2020). Ethical approval was obtained by
the local ethical committee of the Charité, Universititsmedizin
Berlin (EA1/368/14). Written informed consent was obtained
from all participants or their legal guardians in case of cognitive
impairment.

Study Population

Home-dwelling elderly with chronic pain recruited between
09/2017 and 10/2018 in the framework of ACHE, aged
>65 years receiving home care in the city of Berlin,
Germany, were eligible for the study (n = 355). As
cognitively impaired older adults are also at increased risk
of multimorbidity and the negative consequences of
polypharmacy, patients with cognitive impairment were also
eligible for inclusion in ACHE. Hence, patients were enrolled
independently from their cognitive status as determined by the
Mini Mental Status Examination (MMSE) (Tombaugh and
Mclntyre, 1992).

Data Collection

Five trained investigators interviewed the participants, collected
demographic data, the level of care as well as the education level
(highest school education and highest professional education)
and documented the concurrent medications used regularly or as
needed based on drug packages and medication plans available at
participants’ homes. According to the Pharmaceutical Care
Network Europe (PCNE) classification (Griese-Mammen et al,,
2018), we performed an intermediate medication review (PCNE
type 2A) based on medication history and patient information.
Medications were documented by means of the Instrument for
Database-assisted Online recording for Medication (IDOM)
(Mithlberger et al., 2003) that based on the data provided by
the AOK Research Institute (WIdO). In total, 91 (2.5%) drugs
were excluded from medication analysis according to our pre-
specified criteria (Figure 1).

For the assessment of comorbidities, history of chronic
diseases was obtained by thoroughly reviewing the
participants’ medical records, physician reports, nursing
records as well as self-reported diagnoses. Polypharmacy
was defined as the concomitant intake of >5 medications
whereas excessive polypharmacy as >10 medications, taken
regularly or on-demand (Wastesson et al,, 2018). Our analysis
encompassed all medications including nutraceuticals
prescribed by physician(s) or used in self-medication and
focused on pharmacologically active ingredients. Drugs were
categorized according to the Anatomical Therapeutic
Chemical (ATC) classification system. We checked for
relevant DDI, over- and underprescriptions in the
concurrently prescribed medications within the general
context of medication errors defined as events happening
during drug treatment and could cause harm to the patient
[Pharmacovigilance Risk Assessment Committee (PRAC),
2015]. Regarding the prescription frequency of drug classes
and their relevance to our target group, clinically relevant
DDI were checked for anticoagulants, diuretics, and statins,
namely simvastatin, using our available institutional drug
information system AiDKlinik® and their severity was rated
on a case-by-case basis by three clinical pharmacologists/
pharmacists (JS, EA, RK) according to our pre-defined
criteria. In our evaluation of DDI, we also took into
account the vulnerable nature of elderly patients and their
susceptibility to more risk and more harmful consequences of
DDI than that expected in younger patients.
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|

3421 prescribed drugs
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|

l
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4.|

Technical mistake of data entry:
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4.|
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]
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state and mode of intake:
N =15 drugs*
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Temporary medications (antibiotics):
N= 11 drugs

{
\

P ticals i 3
N =4 drugs

Regularly taken drugs:
N = 2870 (83.9%)
On-demand drugs :
N= 527 (15.4 %)

N=24(0.7%)

Unknown mode of intake:

Regularly taken drugs:
N =75 (43.1%)
On-demand drugs:

N =95 (54.6 %)

Unknown mode of intake:
N=4(23%)

Regularly taken drugs:
N=8(47.1%)
On-demand drugs:
N=9(529%)

Unknown mode of intake:
N=0(0%)

4.|

Inaccurate drug names:
N =4 drugs

FIGURE 1 | Flow-diagram showing medication screening and selection process, 2All drugs were non-preseription drugs. "Different patients may use the same

drug

Instruments and Measures
The individuals’ burden of current diseases in chronic pain

patients was assessed by the original Charlson-Comorbidity-
Index (CCI) (Charlson et al, 1994) which is a widely used
mullimorbidily score in older adults (Diederichs et al, 2011).
Tt represents a weighted index of comorbidity based on 19 chronic
diseases according to Tnternational Classification of Diseases
(ICD) diagnosis codes that are weighted differently according
Lo the relalive mortality risk (Charlson el al., 1987). We adapted
the CCI for use in our population to include also self-reported
diagnoses terms when physician reports or nursing records were
unavailable. Furthermore, we checked for other chronic diseases
such as hypertension, coronary arlery disease and atrial
fibrillation  (AF) besides those listed in the CCL
Multimorbidity was defined as the presence of >2 chronic
conditions (Kostev and Jacob, 2018). Levels of comorbidity
were classified according o the original CCI score as: 0 (no
comorbidity), 1-2 (low comorbidity), 3-4 (moderate
comorbidity) and =5 (severe comorbidity) (Charlson et al., 1987).

We used the CHA,DS,-VASc [Congestive heart failure/left
ventricular dysfunction, Hypertension, Age =75 (doubled),
Diabetes, Stroke (doubled) - Vascular disease, Age 65-74, and
Sex category (female)] score for patients with AF to evaluate their
risk of thromboembolism ([Tindricks et al, 2021).

Data Analysis

Descriptive  statistics were wused to describe patients’
demographics, multimorbidity and medications. Variables
were checked for normal distribution by Shapiro-Wilk test and
non-parametric tests were used according to the type of variable

(conlinuous or calegorical). We used Mann-Whilney U Lest Lo
check the association of the CCI score (continuous) with sex
(categorical), prevalence of polypharmacy (categorical) and
excessive polypharmacy (categorical). Chi-squared test was
used lo examine the associalion belween sex and both
polypharmacy and excessive polypharmacy as well as the
association of comorbidity levels (categorical) with level of
care (categorical) and education level [highest school
education (calegorical) and highest professional education
(categorical)]. Spearman’s correlation was used to test the
correlation between the CCI score and the number of
prescribed medications (continuous), age (continuous) and
MMSE score (continuous). Kruskal-Wallis T tesl was used for
associations between number of prescribed medications
(continuous) and levels of comorbidity (categorical with >2
groups). The post-hoc Dunn-Bonferroni test was applied for
pairwise comparison between the groups. In addition, we used
the Jonckheere-Terpstra test to check for an overall trend between
the groups and calculated the corresponding Kendall’s tau-b (1)
correlation coefficient. Data were analyzed using IBM SPSS
Stalistics, version 25 (IBM Corp, Armonk, NY). Two-lailed
statistical significance was assessed at level 0.05.

RESULTS
Study Population

A total of 355 patients met the formal inclusion criteria of the
ACHE study and dala were analyzed as lwo cohorts: the
medication-analysis cohort and the multimorbidity cohort
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TABLE 1 | Patients’ characteristics.

Characteristics

Age (years)
Care level (%)
1
2
3
4
5
nd
MMSE (%)
0-17 points
18-23 paints
24-30 points
Number of all drugs® [median, (rangs)]

Number of prescribed drugs® [medlian, {range)]

Polypharmacy {%)*
(= & prescribed drugs)
Excessive polypharmacy (36)%

Population for medication analysis Population for multimorbidity analysis

Total Women Men Total Women Men
N =353 N =253 N =100 N =334 N =239 N=95
{99.4%) {71.7%) (28.3%) (94.1%) (71.6%) (28.4%)
822+75 830 +71 802+83 822+76 828+ 7.1 804+ 85
1.3 9.9 15.0 1.7 105 147
44.8 454 43.0 461 46.9 44.2
21.0 202 23.0 212 201 24.2
127 13.8 10.0 1.4 125 8.4
74 71 8.0 6.9 6.7 74
28 36 1.0 2.7 33 11
27 238 20.0 19.1 205 158
15.7 155 16.0 16.2 155 179
61.6 60.7 64.0 64.7 64.0 66.3
10 [0-25] 10 [0-22] 10 [2-25] 10 [0-25] 10[0-22 10.5 [2-25]
9 [0-25] 9[0-22 10 [2-25] 10 [0-25] 10 [0-22) 10 [2-25]
83.5 897 89.0 892 89.5 883
49.3 48.2 52.0 51.4 50.2 54.3

(= 10 prescriced drugs)

nd, not deterrnined; MMSE, Minf Mental State Exarnination.

2According to § 15 SGB X, the level of care is based on the degree of seff-dependence and ranges from 1 (lowest degres} o 5 (most severe impairment with special requirernents for

nursing carsl.
“The MIMSE-score was calculated for 352/353 of the medication population.

“According to the MMSE dlassification (Tombaugh and Mcintyre, 1992k 017 points (severe cognitive impairment, 18-23 points (mild cognitive impairmant), 24-30 points (no cognitive

impairmant.
Iedication data for 333/334 of the rnultimorbidity population were available.

(Table 1). For the medication-analysis cohort, data for 353
(99.4%) patients (mean age 82.2 + 7.5 years, 71.7% females)
were available including 22.7% of patients with severe
cognitive impairment (MMSE <17 points). For the
multimorbidity cohort, data of 334 (94.1%) patients (82.2 =+
7.6 years, 71.6% females) were available and 19.1% of them
had severe cognitive impairment.

The most common diseases found in the multimorbidity
cohort were hypertension (78.4%), congestive heart failure
(CHF) (41.3%), diabetes with/without organ damage
(32.1%), dementia (27.2%), coronary heart diseases (26.9%)
and chronic pulmonary diseases (25.1%) (Table 2). Overall,
CClI ranged from 0 to 13 with a median score of 3 (IQR: 2-4) in
both men and women with more than half of the patients
(55.4%) having moderate to severe comorbidity levels
(Figure 2). Sex, age, cognitive state, level of care, education
level did not significantly affect comorbidity scores. The
prevalence of multimorbidity (>2 chronic diseases)
according to the original CCI was 73.7%, and 91.6% when
additional disorders detected in the population were counted
(Table 2).

Medication State

Among the medication-analysis cohort, 3,703 medication
products were screened during data collection yielding
3,612 (97.5%) medication products for analysis after
screening for data quality as per our preset criteria
(Figure 1). Of those, 3,421 (94.7%) medication products

were prescribed by physicians and 174 (4.8%) were used in
self-medication, while for 17 (0.5%) medication products, the
prescription mode could not be wverified. According to the
ATC code, analgesics, diuretics, antithrombotics, renin-
angiotensin system (RAS) blockers were most frequently
prescribed [Supplementary Table S1 of the Electronic
Supplementary Material (ESM)]. The median number of
prescribed drugs was 9 (range 0-25), and 10 (range 0-25)
when self-medication was accounted for (Table 1). A highly
significant positive correlation was found between the CCI
and the number of prescribed drugs (r; = 0.345, p < 0.001).
The prevalence of polypharmacy (>5 prescribed drugs) was
89.5% (n = 316) and almost half of the patients (n = 174;
49.3%) were affected by excessive polypharmacy (=10
prescribed drugs) (Figure 3). There were no sex-specific
differences for the prevalence of either polypharmacy or
excessive polypharmacy (Chi-squared test, p = 0.842, and
p = 0522, respectively). Patients affected by prescribed
polypharmacy had significantly higher CCI scores (median:
3, range 0-13) than patients without polypharmacy (median:
2, range 0-5, Mann Whitney test, U = 3077.5, p < 0.001).
Similarly, excessive polypharmacy was also associated with
higher CCI scores (median: 4, range 0-13, Mann-Whitney
test, U=9271.5, p < 0.001). Moreover, significant associations
were found between the number of prescribed medications
and different levels of comorbidity (Kruskal-Wallis test, H =
36.3,p < 0.001). The adjusted p-values of the post-hocanalysis
are shown in Figure 4. In addition, we found an overall

Frontiers in Pharmacology | www frontiersin.org

June 2021 | Yolume 12 | Article 636920

78



Schneider et al

Medication Errors in Elderly Outpatients

TABLE 2 | Prevalence of comorbidities among slderly receiving home care (N = 334},

Gomorbid condition Assigned weights for
comorbidities in the
ccl

Comorbidities cavered by the GGl
Congestive heart failure
Dermentia
Chronic pulmonary disease
Peripheral vascular disease
Diabetes® with organ damage
Cerebrovascular disease
Connective tissue disease
Myocardial infarction
Ulcer disease
Any tumor
Moderate or severe renal disease
Diabetes” without organ damage
Mild liver disease
Hemiplegia
Metastatic solid tumor
Moderate or severe liver disease
Leukemia
Lymphama
AIDS

Additional comorbidities detected in ACHE
Hypertension -
Coronary heart disease -
Atrial fibrillation -
Hemiparesis -
Other arrhythmias -
Prostate disorders -

[N

WD = PR o o

@ M

CCI, Charison Comorbidily fndex.
APationts may have more thain one comarbidity,
“Diabetes includes all patients treated with insulin or oral hypoglveemics, but not diet alone.

Patients with comorbidity,
N (%)*

138 (41.3)
91 (27.9)
84 (25.1)
78 (23.9)
77 (23.1)
74 (22.2)
50 (15.0)
43 (12.9)
43 (12.9)
44 (13.2)
39 (11.7)
30 [8.0)
27 (8.1}
16 (4.8)
6(1.8)
309
208
103
0

262 (78.4)
90 (26.9)

120

100

80

60

Percentage of patients [%]

40

20

‘no comorbidity ~ ®low comorbidity =~ Wmoderate comorbidity =~ M severe comorbidity

FIGURE 2 | Classffication of comorbidities according to the Charlson-Comorbidity-Index iV = 334).
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FIGURE 3 | Number of prescribed medications among elderly receiving hame care { = 353},
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FIGURE 4 | Boxplot diagram: Number of prescribed drugs grouped by

different cormorbidity levels.*p < 0.05 vs. no cororbidity; *p < 0,01 vs. low
i

comorbidity; **p < (0.001 vs. low comortidity, ***pr < 0.001 vs. no comorbidity.

positive trend between these groups (t = 0.262, p < 0.001).
Polypharmacy and excessive polypharmacy were detected in
all levels of comorbidity.

Medication Errors Detected in Selected
Drugs/Drug Classes (Anticoagulants,

Diuretics, and Simvastatin)

In total, 184 clinically relevant potential DDI from which 57
(31.0%) evalualed as severe were delecled in more than a third
(34.0%) of patients in the medication-analysis cohort
(Supplementary Table $2 of the ESM). DDI lacking clear
clinical meaning or consequences were not presented. Over-
and underprescription of drugs were detected.

Anticoagulants

Drug-Drug Interactions

A total of 80 patients received anticoagulants in the medication
analysis cohort for which 27 potential and 12 severe interactions
were detected in 28 (35.0%) patients (Supplementary Table $2 of
the ESM).

Underprescription (Subgroup Analysis for AF)

In our multimorbidity cohort, 65/334 (19.5%) patients (mean age
82.8 + 74 years) had AF (Table 2}. All of them achieved a
CHA,DS,-VAS score =2 (median: 5; range 3-8) but only 44
(67.7%) patients were anticoagulated with direct oral
anticoagulants (DOAC) or vitamin-K-antagonist (VKA), while
21 (32.3%) received no oral anticoagulants; of these, 19 patients
were =75 years old. The three most prescribed anticoagulants
were apixaban (36.4%), phenprocoumon (29.5%) and
tivaroxaban (20.5%).
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ramipril/HCT 5 mg/25 mg

spironolactonc 50 mg

torasemide 10 mg

amiodarone 200 mg

acarbose 100 mg

digitoxin 0.07 mg

levothyroxine 100 ug

= severe interaction allopurinol 300 mg

potential interaction

on demand ibuprofen, topical

‘ regularly

FIGURE 5 | Drug-drug interactions of prescribed medication in one patient.

metoprolol 95 mg

nifedipine 20 mg/ml

glyceroltrinitrate

warfarin 5 mg

heparin 60000 LE., topical

tramadol 50 mg

fentanyl 25 ug/h

metamizole 500 mg

diclofenac, fopical

Diuretics

Drug-Drug Interactions

Among the diuretics, all diuretic agents including potassium-
sparing diuretics were included in DDI evaluation amounting to
281 diuretic prescriplions in 224 patients. We found 131 polenlial
DDI, 36 (27.5%) of them were evaluated as severe
(Supplementary Table $2 of the ESM).

Overprescription (Subgroup Analysis for Loop Diuretics)

A total of 195/334 (59.9%) patients were treated with diuretics. By
far, the most commonly prescribed diuretic was torasemide,
prescribed in 160 (82.1%) palienls. Loop diuretics were
combined with thiazide/thiazide-like diuretics in 11/195 (5.6%)
patients. In one patient, torasemide and furosemide were even co-
prescribed. Among 174 (89.2%) patients receiving loop diuretics,
27 (15.5%) palients had no documented indication [or CHF,
advanced chronic kidney disease or edema.

Simvastatin

QOverall, 85/353 (24.1%) palienls look simvaslalin once daily in an
average dose of 299 + 14.5mg We found 17 potential DDI
between simvastatin and other drugs (eg, amlodipine,
dronedarone, colchicine, ranolazine). Of these, 11 interactions
were raled as severe (Supplementary Table $2 of the ESM).

Demonstration of Patient Case Study Affected by
Excessive Polypharmacy and DDI

One palient (83 years, female) for whom we checked the whole
DDI profile appears of interest (Figure 5). The patient had
following comorbidities: hypertension, CIIF, AF, diabetes with
organ damage, connective tissue disease, edema, and hemiparesis.
She was prescribed 18 different drugs by the physician. The

patient had suffered a stroke in the past, had a CHA,DS,-
VASc score of 8 and a CCI score of 5. We identified 13
polential clinically relevant interactions. Of these, seven could
be severe (Supplementary Table §2 and Figure 5).

DISCUSSION

The present study revealed that multimorbidity and
polypharmacy  along with the consequences of
polypharmacy (e.g., higher risk of medicalion errors, DDI,
inappropriate medication use) were highly prevalent in our
cohort of older adults with chronic pain receiving home care
that also included patients with severe cognitive impairment.
To the best of our knowledge, this is the [irsl cross-sectional
prospective sludy in Germany lo examine the burden of
multimorbidity and polypharmacy in this setting involving
chronic pain patients. Chronic pain has been reported to be
associated with high burden of comorbid diseases and high
risk of polypharmacy (Fishbain, 2005; Paladini el al., 2015;
Jokanovic et al, 2016). Tn one study, chronic pain was
independently  associated  with  higher daily drug
consumplion (Ersoy and Engin, 2018).

We found a median CCI score of 3 (IQR: 2-4) in both men and
women and an overall range of 0-13. More than half of the
patients (55.4%) had moderate (35.6%) to severe (19.8%)
comorbidily levels (Figure 2). However, these values could be
still underestimaled considering palients for whom morbidity
scores could not be determined due to lack of self-report or
medical records. In addition, all patients, by virtue of our study
design, had chronic pain. CCI scores 23 have been correlated with
an increased risk of hospital readmission (Hallon el al., 2002),
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while scores =5 correlated significantly with mortality and high
risk of medication errors (Charlson et al., 1987; Rabenberg et al.,
2019). The KORA-Age study (mean age 73.4 + 6.1 years) reported
a median number of conditions of 2 (IQR: 1-3) and a
multimorbidity (22 chronic conditions) prevalence of 58.6%
(95% CI: 57.0-60.2) (Kirchberger et al, 2012). Our higher
maltimorbidity rate (91.6%) could be ascribed to the home
care setting and the older age of our patients. For the
assessment of comorbidities, Kirchberger et al. (Kirchberger
et al,, 2012) also used a CCI generated self-reported diagnoses
and included hypertension, eye diseases, mental and neurological
diseases, that were deemed highly relevant for exploring
multimorbidity in the elderly (Kirchberger et al,, 2012). Bravo
and colleagues also extended the Charlson list of 19 comorbidities
to include 10 other disorders being significant to mortality or
functional decline in long-term care setting such as valvular heart
diseases (Bravo et al, 2002). Despite the limitation of the CCI to
detect other relevant disorders, the CCI is still widely used to
investigate comorbidity in geriatric patients in healthcare
research (Jorgensen et al, 2012; Abizanda et al., 2014; Rochon
et al., 2014; Gellert et al,, 2019).

The median number of prescribed drugs was 9 (range 0-25) and
10 (range 0-25) when self-medication was included. In nursing
homes in Germany, an average of 59 + 3 (range 0-16) drugs
prescribed concomitantly per resident was reported (Kolzsch et al.,
2012), while in general practice, a mean of 42 £ 2.7 in men and
women aged >60years, about 37% of whom were affected by
polypharmacy (=5 prescribed drugs) (Kostev and Jacob, 2018). We
found a higher prevalence of polypharmacy (89.5%) with almost
half of the patients (49.3%) having excessive polypharmacy (=10
prescribed drugs) in our study, which may relate to the high
maltimorbidity prevalence in our study as a driver for
polypharmacy. The mean number of prescribed medications
was significantly associated with higher CClI-based morbidity
levels supporting the reciprocal link between multimorbidity
and polypharmacy. The latter acts as a driver for medication-
related morbidity and increases the chance of DDI to which elderly
patients are more vulnerable. In our target group, potential DDI
were detected in a third of patients.

DDI involving simvastatin, a well-known substrate of
cytochrome P450 (CYP) 3A4 (Tiwari et al,, 2006) predisposing
to myotoxicity were detected. The risk of myotoxicity is elevated
with older age as muscle mass decreases (Kellick et al,, 2014), with
renal impairment, and high dose therapy (Tiwari et al,, 2006).

As a case study, we demonstrated the overall DDI profile of a
multimorbid female patient affected by excessive polypharmacy
and experiencing a complex drug regimen. For this patient, we
detected several DDI involving anticoagulants and diuretics. This
case also illustrates an increased number of prescribed drugs
proportional to a high CCI, with a comeorbidity score of 5.
Notably, guideline-based treatments for several diseases
facilitate polypharmacy as illustrated in this patient treated for
CHEF, hypertension and AF and was therefore included in the AF
subgroup analysis.

Patients with AF and a CHA,DS,-VASc score >2 should be
anticoagulated with DOAC or VKA due to risk of stroke
(Hindricks et al., 2021). In our study, 19.5% of patients had

AF with a median CHA;DS,-VASc score of 5 (range 3-8).
However, about a third (32.3%) of them did not receive
anticoagulant therapy with either DOAC or VKA suggesting a
state of underprescription of potentially useful medications.
Though current AF management guidelines recommend oral
anticoagulant treatment at age >75years regardless of
additional risk factors for stroke (Hindricks et al, 2021),
underuse of oral anticoagulant treatment in the elderly with
AF has been previously reported (Zarraga and Kron, 2013;
Steinberg et al., 2015; Kreutz et al., 2018).

Diuretics, commonly prescribed in the elderly, often cause
hypovolemia and hyponatremia which increase the risk of
falling that was associated with higher morbidity and mortality
in older adults (Maher et al,, 2014). Elderly hypertensive patients
were more likely to develop hyponatremia after age 75years
(Diaconu et al,, 2014). Loop diuretics were prescribed in 15.5%
of patients without a documented appropriate indication. This
includes edematous disorders due to CHF, hepatic cirthesis or
nephrotic syndrome, and advanced renal insufficiency (Sarafidis
et al, 2010). Additionally, 5.6% of patients on diuretics received
concomitantly loop diuretics and thiazide/thiazide-like diuretics.
Overprescription of loop diuretics without appropriate indication
has been reported in 27.5% of nursing home residents (Kélzsch
etal,, 2010). The concomitant use of spironolactone and ramipril as
llustrated in our patient case increases the risk of hyperkalemia; a
potentially severe DDI to which the elderly are more sensitive due
to potassium homeostasis abnormalities, disorders e.g., diabetes
mellitus or use of drugs e.g., RAS blockers and potassium-sparing
diuretics (Hunter and Bailey, 2019).

Suboptimal  prescribing in elderly includes, besides
unnecessary prescribing or overprescribing, underuse or
underprescribing of indicated medications (Devik et al,, 2018).
The latter is defined as failure to prescribe a potentially useful
drug and has become a frequent problem leading to adverse
clinical consequences e.g., stroke in high risk patients
undertreated for atrial fibrillation (Kuijpers et al, 2008).
Polypharmacy can also be a driver for medication underuse
reported to occur in over 40% of patients with polypharmacy
(Kuijpers et al., 2008).

This study is the first to examine the burden of multimorbidity
and polypharmacy in older adults with chronic pain receiving
home care. The strengths of our study lie in the rigorous
evaluation of the drug profile including self-medication and
drugs prescribed regularly or on-demand as well as including
patients with severe cognitive impairment. In contrast to previous
studies that excluded patients with cognitive impairment
(Markotic et al, 2013; Nawai et al, 2017), patients with
cognitive impairment were eligible for inclusion in ACHE.
However, the following limitations are acknowledged:

First, this is a cross-sectional cohort study. As such, patients
were interviewed once; follow-up data of patients were not
available. In addition, contacts with the treating physician were
not implemented in the study design. Hence, it was not possible to
assess the persistence of polypharmacy or notify the physician in
case of suspected DDI or trace the outcome of the potential DDI
whether a corrective action was taken by the physician or a follow-
up for clinical condition was undertaken. Second, our sample size

Frontiers in Pharmacology | www frontiersin.org

June 2021 | Yolume 12 | Article 636920

82



Schneider et al.

Medication Errors in Elderly Outpatients

was small, and the study reflects local data to the city of Berlin
regarding patients with chronic pain in the home care setting
which may limit the generalizability of our findings concerning
prevalence rates of multimorbidity and pelypharmacy and its
consequences. Nevertheless, we preferred to analyze qualitatively
the prescribed medications rather than to systematically report the
prevalence of medication errors, DDI and inappropriate
medication use to get an insight into the consequences of
polypharmacy in multimorbid chronic pain patients. This
highlights also how significant DDI could be regardless of their
actual prevalence and helps instigate awareness on the harmful
effects of DDI in this group.

CONCLUSION

Multimorbidity and polypharmacy are highly prevalent in elderly
outpatients with chronic pain receiving home care. Regular
monitoring and evaluation of medications in this population
appears thus important together with strategies aiming to
optimize therapy by addressing differential aspects of
medication-related problems including drug interactions,
overprescribing as well as underuse.
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SUPPLEMENTARY TABLE 1 | Prescribed drug classes according to ATC code in elderly

Electronic Supplementary Material

receiving home care (N = 353).

Drug class ATC code Drugs, N (%)

1 Analgesics NO2 406 (11.24 %)
2 Diuretics C03 250 (6.92 %)
3 Antithrombotics BO1 232 (6.42 %)
4 Renin-angiotensin system blockers C09 231 (6.40 %)
5 Drugs for acid related disorders A02 200 (5.54 %)
6 Antidiabetics Al0 189 (5.23 %)
7 Beta blockers Co7 181 (5.01 %)
8 Lipid lowering agents C10 141 (3.90 %)
9 Vitamins All 138 (3.82 %)
10 Laxatives A06 137 (3.79 %)
11 Psychoanaleptics NO06 130 (3.60 %)
12 Drugs for obstructive airway diseases RO3 113 (3.13 %)
13 Calcium channel blockers Co08 108 (2.99 %)
14 Psycholeptics NO5 100 (2.77 %)
1S Antiepileptics NO3 96 (2.66 %)
16 Antianaemics B03 91 (2.52 %)
17 Thyroid therapy HO3 91 (2.52 %)
18 Topical drugs for muscle and joint pain MO02 75 (2.08 %)
19 Non-steroidal anti-inflammatory drugs MO1 66 (1.83 %)
20 Ophthalmics So1 65 (1.80 %)
21 Cardiac therapy Co1 50 (1.38 %)
22 Dietary supplements V06 50 (1.38 %)
23 Antigout preparations Mo4 48 (1.33 %)
24 Drugs for functional gastrointestinal disorders A03 40 (1.11 %)
25 Mineral supplements Al2 40 (1.11 %)
26 Antiparkinsonism drugs NO04 40 (1.11 %)
27 Urological drugs G04 39 (1.08 %)
28 Systemic Corticosteroids HO2 28 (0.78 %)
29 Antihypertensives C02 24 (0.66 %)
30 Drugs for bone diseases Y (03] 24 (0.66 %)
31 Others® - 189 (5.23 %)
Total - 3612 (100 %)

“Drugs accounting for less than 20 prescriptions.
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SUPPLEMENTARY TABLE 2 | List of clinically relevant drug-drug interactions in ACHE (N = 353) with their potential risks and recommended

interventions.
Number of
Interacting paticnts P : <
drugs® affected by Potential risks Mechanism Management Severe DDI
the
interaction
Anticoagulants
Rivaroxaban 2 Citalopram or duloxetine SSRIs and SNRIs alter Monitor for clinical and
citalopram (SSRI) may potentiate the risk ol platelet function and may laboratory signs lor
or duloxetine bleeding in patients treated induce bleeding because hematologic complications;
(SNRI) with anticoagulants. serotonin released by platelets | consider prophylactic
plays an important role in treatment with proton pump
hemostasis. inhibitors to reduce
gastrointestinal bleeding risk;
consider use of other
antidepressant drugs e.g.,
mirtazapine, trazodone,
bupropion.
Rivaroxaban + 1 Combination of two Added effect of two The benefit-risk for each
clopidogrel antithrombotic drugs antithrombotic drugs. individual patient should be
(anticoagulant and platelet assessed, monitor carefully
inhibitor) increases bleeding for bleeding events.
risk.
Phenprocoumon 3 Increased anticoagulant Omeprazole and Monitor INR with
+ omeprazole or activity of phenprocoumon. | esomeprazole may reduce the | concomitant use and after
esomeprazole INR increases were reported, | clearance of phenprocoumon | discontinuation of

and dose reduction was
required in individual cases,

due to competitive inhibition
of its degradation,

omeprazole or esomeprazole.
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Phenprocoumon Increased phenprocoumon Allopurinol reduces the Monitor INR with
+ allopurinol plasma level and possible elimination of’ concomitant use and after
increase in INR doubling the | phenprocoumon by inhibiting | discontinuation of
risk of bleeding. its metabolism. allopurinol.
Phenprocoumon SSRIs may potentiate the SSRIs alter platelet function | Monitor for clinical and
+ sertraline, risk of bleeding in patients and may induce bleeding laboratory signs for
citalopram or treated with anticoagulants. | because serotonin released by | hematologic complication;
escitalopram platelets plavs an important consider prophylactic
(SSRI) role in hemostasis. treatment with proton pump
mbhibitors to reduce
gastrointestinal bleeding risk:
consider use of other
antidepressant drugs c.g.,
mirtazapine, trazodone,
bupropion.
Phenprocoumon Metformin reduces the AUC | Unelear; metformin may Monitor INR with
I metformin of phenprocoumon up to 63 | increase phenprocoumon concomitant use and after
% and increases dose clearance by either enhancing | discontinuation of metformin;
requirements. liver perfusion or bile salt adjust carefully
excretion resulting in a faster | phenprocoumon dosage.
elimination of
phenprocoumon.
Phenprocoumon Prolongation of clotting time | Mirtazapine can decrease the | Monitor INR carefully:
+ mirtazapine and increased risk of metabolism of switch to another
bleeding. phenprocoumon. antidepressant if necessary.
Warfarin + Spironolactone may Unclear. Monitor INR with
spironolactone attenuate anticoagulation concomitant use and after
effects of warfarin especially discontinuation of
with high doses. spironolactone.
1' frontiers
Warfarin + Prolongation of warfarin Allopurinol may inhibit the Monitor INR with
allopurinol halt-life and enhancement of | metabolism of warfarin. concomitant use and after
its anticoagulant effect, discontinuation of
allopurinol.
Warlarin + Increase in INR and risk of’ Unclear; possibly related to Monitor INR with

tramadol

bleeding: more frequent in
carriers of the slow CYP2DG6
allele.

reduced activity of CYP2D6
by tramadol.

concomitant use and after
discontinuation of tramadol;
dose reduction of warfarin to
70 % may be necessary.

Enoxaparin +

Combination of two

Added effect of two

Use cautiously only when

ASAP antithrombotic drugs antithrombotic drugs. necessary, with close clinical
(anticoagulant and platelet and laboratory observation
inhibitor) increases bleeding for bleeding complications
risk. and neurological

impairments.

Apixaban, Increased risk of bleeding. NSAIDs inhibit platelets and | Avoid use of NSAIDs in

rivaroxaban or increased gastrointestinal elderly patients with high risk

edoxaban + bleeding risk and can increase | of bleeding; reduce other
ibuprofen® exposure to anticoagulants modifiable bleeding risk

eliminated by renal clearance
by acute kidney injury.

factors.

Apixaban or
rivaroxaban +
ASAY

Combination of two
antithrombotic drugs
(anticoagulant and platelet
inhibitor) increases bleeding
risk.

Added effect of two
antithrombotic drugs.

Use cautiously only when
necessary, with close clinical
and laboratory observation
for bleeding complications
and neurological
impairments.
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Rivaroxaban 1 Oxcarbazepine decreases the | Oxcarbazepine induces Avoid use; consider
oxcarbazepine plasma concentrations of CYP3A4 for which alternative antithrombotic
rivaroxaban and increases rivaroxaban is a substrate. drug (e.g., warfarin).
the risk of therapeutic failure
and thrombosis.
Phenprocoumon 4 L-thyroxine may increase the | L-thvroxine increases the Titrate the dose slowly;
+ L-thyroxine risk of bleeding at initiation | metabolism of vitamin K- monitor INR or prothrombin
of therapy. dependent coagulation time when 1nitiating,
factors: not specific for discontinuing, or changing
phenprocoumon but all the dosage of L-thyroxine in
anticoagulants including with | stabilized patients and adjust
similar mechanism of action. | dose accordingly.
Phenprocoumon 1 Increased risk of bleeding. NSAIDs inhibit platelets and | Avoid use of NSAIDs in
+ ibuprofen® increased gastrointestinal elderly patients with high risk
bleeding risk and can increase | of bleeding; reduce other
exposure to anticoagulants modifiable bleeding risk
eliminated by renal clearance | factors.
by acute kidney injury.
Phenprocoumon 1 Increased risk of bleeding, Added effect of two Use cautiously only when
+ASAP antithrombotic drugs. neeessary, with close clinical
and laboratory observation
for bleeding complications
and neurological
impairments.
1' frontiers
Warfarin + 1 Amiodarone may increase Amiodarone inhibits Reduce anticoagulant dosage
amiodarone the pharmacologic effects of | CYP2C9 and CYP3A4 by 30 % to 30 % monitor
warfarin. hepatic metabolism of S- within first 7 weeks of
warfarin, poor CYP2C9 therapy prothrombin time or
metabolizers may have a INR; monitor for signs of
higher risk of bleeding and a | excessive anticoagulation.
faster onset of the interaction.
Diuretics
Loop diuretics
T'urosemide or 67 [yponatremia and Co-administration increases Monitor blood pressure, renal
torasemide + hypovolemia increase the risk of hypotension and function, and electrolytes
ACE{¢ risk of falling for elderly hypovolemia than does either | during co-administration.
patients who are more prone | drug alone especially with
to develop hvponatremia high doses of loop diuretics.
after age 75 vears. ACFi
may cause renal
insufficiency or acute renal
failure in patients with
sodium depletion.
Furosemide or 8 Increased risk for digitalis- Diuretic-induced Monitor for potassium and

torasemide +
digitalis
glycosides

induced arrhythmias.

hypokalemia and
hypomagnesemia.

magnesium levels: check for
signs of possible digoxin
toxicity or electrolyte
disturbances; adjust digitalis
dose.
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Thiazide diuretics/thiazide-like diuretics

HCT, xipamide or 4 Increased risk for digitalis- Diuretic-induced Monitor potassium,
indapamide 1 induced arrhythmias. hypokalemia, magnesium and calcium
digitalis hypomagnesemia and levels; check for signs ol
glycosides hypercalcemia. possible digoxin toxicity or
electrolvte disturbances;
adjust digilalis dose.
HCT, xipamide or 28 Hyponatremia and Thiazide-induced water and Monitor blood pressure. renal
indapamide + hypovolemia increase the sodium depletion increase the | function and electrolytes
ACE(? risk of falling for elderly risk of hypotension and during co-administration.

patients who are more prone
to develop hvponatremia
after age 75 vears.

ACEi may cause renal
insufficiency or acute renal
failure in patients with
sodium depletion.

hypovolemia when co-
administered with ACEi
especially with high doses of
thiazide diuretics.

Potassium-sparing diuretics

Spironolactone, 24
eplerenone,
triamterene or
amiloride + RAS

Increased the risk of
hyperkalemia in patients
with risk factors such as
renal impairment, diabetes,

RAS blockers increase serum
potassium which could be
additive with that induced by
potassium-sparing diuretics.

Use with caution; monitor
closely for signs of
hyperkalemia: check renal
[umetion regularly; avoid

blockers old age, severe or worsening potassium supplementation.
heart failure, and
concomitant use of
potassium supplements.
Statins
Simvastatin (30, 4 Higher risk of statin-induced | Amlodipine inhibits Simvastatin dosage should
40 mg) + myopathy. simvastatin metabolism via not exceed 20 mg daily when
amlodipine intestinal and hepatic
1' frontiers
CYP3A4 resulting in higher | used in combination with
plasma concentrations of amlodipine.
Simvastatin (20 4 simvastatin and its active Avoid co-administration at
mg) -+ amlodipine metabolite simvastatin acid. the same time; separate
dosing by at least 4 h.
Simvastatin + 2 Simvastatin increases the Via P-gp inhibition of Avoid co-administration;
dabigatran risk of bleeding associated simvastatin and increase in switch to another statin other
with the use of dabigatran by | dabigatran-ctexilate than simvastatin or lovastatin.
44 %. absorption.
Simvastatin + 1 Carbamazepine decreases Carbamazepine induces the Inerease the dosage of
carbamazepine AUC of simvastatin by 25 % | metabolism of simvastatin simvastatin, switch to other
and its active metabolite and simvastatin-acid via statins such as pravastatin
simvastatin acid by 18 %. intestinal and hepatic metabolized by non-CYP
CYP3A4. routes, and rosuvastatin with
lower metabolic fraction.
Simvastatin + 1 Simvastatin enhances the Possibly due to selective Closer monitoring of INR,
warfarin anticoagulant response to inhibition of CYP2C9*3 switch to another statin not
watfarin depending on the allele by simvastatin. affecting anticoagulation such
CYP2C9 genotype, reduces as pravastatin.
dosage requirement of
warfarin by 29 % in carriers
of the slow metabolizing
allele (CYP2C9*3) and by
43 % in homozygous
carriers.
Simvastatin 1 Phenytoin reduces the lipid Phenytoin induces CYP Adjust dose of simvastatin;
phenytoin lowering efficacy of enzymes including CYP3A4 | monitor cholesterol levels
simvastatin. isoenzyme thus increasing the | especially with familial
metabolism of simvastatin, hypercholesterolemia due to
higher cardiovascular risk.
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Simvastatin
sacubitril
/valsartan

Sacubitril may increase the
plasma concentrations of
simvastatin increasing the
risk of statin-induced
myopathy

Sacubitril inhibits hepatic
uptake transporters
OATP1BI and/or OATP1B3
to which statin are substrate.

Monitor for sighs of
myopathy or rhabdomyolysis.

Simvastatin
dronedarone

Dronedarone increases the
plasma concentrations of
simvastatin and metabolite
simvastatin acid increasing
the risk of statin-induced
myopathy.

Dronedarone inhibits both
intestinal P-gp and
hepatic/intestinal CYP3A4
isoenzyme enhancing
absorption as well as
reducing simvastatin and
simvastatin acid clearance.

Adjust dose: monitor for
signs of myopathy or
rhabdomyolysi itch to
other non P-gp/CYP3 A4
substrates e.g., fluvastatin,
pilavastatin, or rosuvastatin.

Simvastatin +
colchicine

Increased risk of myopathy
and rhabdomyolysis by
pharmacodynamic and
pharmacokinetic
interactions.

Both drugs are myotoxic and
may have additive or
synergistic effects when used
together. Both are P-
op/CYP3A4 substrates,
competitive inhibition may
oceur resulting in increased
drug absorption and
decreased excretion.

Monitor for signs of
myopathy or rhabdomyolysis;
monitor creatine kinase level
after co-administration and
after any dose increase.

Simvastatin +

Ranolazine mncreases the

Ranolazine inhibits intestinal

Simvastatin dosage should

ranolazine plasma concentrations of and hepatic CYP3A4. not exceed 20 mg daily;
simvastatin and simvastatin- switch to other non P-
acid increasing the risk of’ ep/CYP3A4 substrates e.g.,
statin-induced myopathy. fluvastatin, pitavastatin, or
rosuvastatin.
1' frontiers

Further cli

Iy

1

inter

)

ated in one patient

Amiodarone +
metoprolol

Additive effects of severe
bradycardia, hypotension, or
cardiac arrest.

Amiodarone increases the
AUC of metoprolol by 80 %.
The extent of increased AUC
depends on CYP2D6-
genotype.

Avoid this combination or
monitor blood pressure and

ECG.

Amiodarone +
fentanyl

Inereased risk for cardio-
depressive effects.

Coadministration with
inhibitors of CYP3A4 such as
amiodarone may increase the
plasma coneentrations of
fentanyl, which is
metabolized by this
isoenzyme.

Monitor for signs of fentanyl
toxicity (e.g., dizziness,
confusion, fainting, extreme
sedation, bradycardia.
shortness of breath), adjust
dosage if necessary.

Amiodarone +
digitoxin

Increased risk for digitalis
toxicity.

Coadministration with
amiodarone may increase
serum digoxin concentrations
by up to 100 %, frequently
resulting in clinic’l toxicity.

Adjust dosage; monitor serum
digitalis level and observe
patients for clinical evidence
of digitalis toxicity (e.g.,
nausea, anorexia, visual
disturbances, slow pulse,
irregular heartbeats).

Metoprolol +
nifedipine, fast-
acting (on-

Increased hypotension and
risk of heart failure.

Additive cardiovascular
effeots.

Monitor blood pressure; use
prolonged release
preparations for regular use.

demand)
Metoprolol + Increased risk for Concomitant use of digitalis | Monitor heart rate, ECG for
digitoxin bradycardia. glycosides and beta-blockers | AV block.

may increase the risk of
bradycardia and AV-block.

DDI, drug-drug interaction; SSRI, selective serotonin reupt:

¢ inhibitor; SNRIL serotonin noradrenaline reuptake inhibitor; INR; International

Normalized Ratio; AUC, area under the concentration-time curve; CYP, cytochrome P450; ASA, acetyl salicylic acid; NSAID, nonsteroidal anti-
inflammatory drug; ACEi; angiotensin converting enzyme inhibitors; HCT, Hydrochlorothiazide; RAS blockers, renin angiotensin system blockers

10
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including ACEi and angiotensin receptor blockers (ARB); P-gp, P-glycoprotein: OATP. organic anion transporting polypeptides; ECG.

electrocardiogram, AV block: atrioventricular block.
*For the drug interaction analysis, all active ingredients in mono- and combination -preparations were considered. Some patients in ACHFE were treated

with more than one active ingredient belonging o the same drug class.
"ASA in 100 mg dose.

“Ibuprofen (400 - 600 mg) taken on-demand.

"This interaction applies also to ARB.

11
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7 Lebenslauf

Mein Lebenslauf wird aus datenschutzrechtlichen Griinden in der elektronischen Version
meiner Arbeit nicht veréffentlicht.
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Mein Lebenslauf wird aus datenschutzrechtlichen Griinden in der elektronischen Version
meiner Arbeit nicht veroffentlicht.
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