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Abstract

Background Clinical pharmacy services have potential to contribute significantly to the multidisciplinary team providing safe,
effective and economic care for patients. Given recent practice developments (e.g. polypharmacy reviews and pharmacist
prescribing) there is a need to provide a current synthesis of the evidence base for characteristics and outcomes of clinical
pharmacy practice in chronic kidney disease patients. Aim of the review To critically appraise, synthesise and present the
available evidence of the characteristics (structures and processes) and outcomes of clinical pharmacy practice as part of
the multidisciplinary care of patients with chronic kidney disease. Method PubMed, International Pharmaceutical Abstracts
(IPA), Cumulative Index to Nursing and Allied Health Literature (CINAHL), Medline and Scopus were searched for peer
reviewed papers using improved search strategy. Included studies were quality assessed using Downs and Black tool for
controlled studies and the mixed methods appraisal tool for all controlled and non-controlled studies. Data were extracted and
synthesised using a narrative approach. Screening, quality assessment and data extraction were performed by two independent
researchers. Ethics approval was not required. Results Forty-seven studies were identified from a variety of countries, with
31 based in a hospital setting. Controlled study designs were employed in 20, with only ten of these using randomisation.
Resources available for service provision were poorly reported in all papers. Positive impact on clinical outcomes included
significant improvement in parathyroid hormone, blood pressure, haemoglobin and creatinine clearance. Pharmacists identi-
fied 5302 drug related problems in 2933 patients and made 3160 recommendations with acceptance rates up to 95%. Impact
on humanistic outcomes was shown through improvement in health related quality of life and patient satisfaction. Economic
benefits arose from significant cost savings through pharmaceutical care provision. Conclusion While there is some evidence
of positive impact on clinical, humanistic and economic outcomes, this evidence is generally of low quality and insufficient
volume. While the existing evidence is in favour of pharmacists’ involvement in the multidisciplinary team providing care
to patients with chronic kidney disease, more high-quality research is warranted.
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Impacts on practice

e Understanding fully the structures, processes and rel-
evant outcomes associated with clinical roles of phar-
macists is essential to make best use of resource for
optimal patient care.

e There has been a significant volume of research of the
clinical role of pharmacists in Chronic Kidney Disease,
but it is of limited detail and quality.

e There is a need for agreed standard sets of outcomes
for clinical pharmacy practice and research in chronic
kidney disease.

Introduction

Chronic Kidney Disease (CKD) continues to be a global
concern with a high risk of mortality, frequent hospitalisa-
tion and reduced life expectancy [1]. Most patients have
co-morbid conditions such as cardiovascular and mineral
bone diseases [2]. Clinical pharmacy services have the
potential to contribute significantly to the multidiscipli-
nary team providing safe, effective and economic care [3].
Key clinical pharmacy roles in the multidisciplinary care
of CKD patients were described by two renal pharmacy
consultants Mason and Bakus in 2010 [4]. These roles
included specific areas such as managing anaemia, renal
mineral bone disease and hypertension, as well as more
general medicines selection and review [4]. Another major
role pharmacists can play is to contribute to renal drug
cost management [5]. An emerging role is the potential for
the pharmacist to prescribe and modify medicines, which
has now been implemented into practice in the United
Kingdom (UK), United States (USA) and New Zealand
[6]. There is a need to establish the evidence base of the
impact of clinical pharmacy in the care of CKD patients.
In 2012, Salgado et al. published a systematic review
which included synthesis of the peer reviewed literature up
to March 2010 [7]. The original review identified 37 stud-
ies (38 articles), involving 4743 participants. Majority of
the papers were of uncontrolled design (80%) [7]. Twenty-
one articles (55.3%) reported outcome measures and pro-
cess indicators, 4 (10.5%) reported only outcome meas-
ures, thirteen (34.2%) reported only process indicators and
none reported structures [7]. Pharmacists identified 2683
drug-related problems in 1209 patients. The results from
controlled studies (average quality score 0.57, SD=0.10)
reported that pharmacists’ interventions reduced all-cause
hospitalisations, reduced the incidence of end-stage renal
disease or death in patients with diabetic nephropathy,

improved management of anaemia, blood pressure, cal-
cium and phosphate parameters and lipid management [7].
The uncontrolled studies included in the original review
shown positive impact of pharmacists’ interventions on
the reduction of transplant rejections and fewer adverse
events [7]. The reviews main limitations were selection
and language bias which might affect the quality of the
systematic review. Salgado et al. concluded that the evi-
dence of pharmacists’ interventions in patients with CKD
is scarce, of variable quality and with heterogeneous out-
comes [7]. Since the publication of the original review
by Salgado et al., the prescribing practice has continually
developed with new services and models of care being
developed and embedded into clinical pharmacy practice.
Hence, there is a need to update and extend the review.
Given developments in clinical pharmacy globally, it is
likely that further research has been reported thus an up-
to-date synthesis is warranted.

Aim of the review

The aim of this review was to critically appraise, synthesise
and present the available evidence for the structures, pro-
cesses and related outcomes of clinical pharmacy practice
as part of the multidisciplinary care of patients with CKD.
The specific review questions were:

e What clinical pharmacy practice related resources (struc-
tures, e.g. the multidisciplinary team, clinical pharmacy
skill mix and time allocation) are in place and how are
these matched to healthcare needs and demands to ena-
ble provision of care to chronic kidney disease (CKD)
patients?

e What activities are performed (processes, e.g. medication
review, prescribing) to care for patients with CKD, how
and when are they performed?

e What are the outcomes of the structure and the processes
on the effectiveness (Economic, Clinical, and Humanistic
Outcomes (ECHO) model) [8] of care provided?

Method
Data sources

The systematic review protocol was registered with the
International Prospective Register of Systematic Reviews
(PROSPERO) (PROSPERO 2017 CRD42017065258). The
protocol was constructed in accordance with PRISMA-
P (Preferred Reporting Items for Systematic review and
Meta-Analysis Protocols) standards [9], and the review con-
ducted and reported in accordance with PRISMA (Preferred
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Reporting Items for Systematic Review and Meta-Analysis)
standards [10].

The Cochrane database was searched to identify any rel-
evant systematic reviews. An electronic search of relevant
databases (PubMed, International Pharmaceutical Abstracts
(IPA), Cumulative Index to Nursing and Allied Health Lit-
erature (CINAHL), Medline and Scopus) was conducted
from March 2010 to December 2018 thus providing an
update on the review of Salgado et al. [7]. The search was
carried out using Medical Subject Headings (MeSH) and
other appropriate subject headings and text words. Scoping
searches were conducted prior to finalising the search strat-
egy. Boolean operators such as truncations (*), wild cards
($), adjacent search options (e.g. adj2) were used where rel-
evant. The following grouped terms were initially searched
separately then in combination by two independent review-
ers (FA & SC). The primary search was conducted using the
improved search strategy of the same terms as the original
review as follows:

PubMed, IPA, CINAHL: (“pharmaceutical services”
[MH+] OR “pharmacy” [MH+] OR “Pharmacies” [MH]
OR “Pharmacists” [MH] OR “clinical pharmacist*” [Tl/
AB/SU] OR “clinical pharmacy” [TI/AB/SU] OR “clini-
cal pharmacies” [TI/AB/SU] OR “pharmacist*” [TI/AB/
SU] OR “pharmaceutical services” [TI/AB/SU] OR “phar-
macies” [TI/AB/SU] OR “pharmacy” [TI/AB/SU]) AND
(“kidney diseases” [MH+] OR “renal replacement therapy”
[MH+] OR “proteinuria” [MH+] OR “CKD” [TI/AB/SU]
OR “nephropathy” [TI/AB/SU]).

Scopus:

(“Pharmaceutical care” [TI/ABS/KEY] OR “Pharmacist”
[TI/ABS/KEY] OR “Clinical pharmacy” [TI/ABS/KEY])
AND (“Chronic Kidney Disease” [TI/ABS/KEY] OR “Renal
replacement Therapy” [TI/ABS/KEY] OR “Haemodialysis”
[TI/ABS/KEY] OR “Kidney failure” [TI/ABS/KEY]). The
bibliography list of included studies was reviewed to further
identify additional references.

Study selection and data extraction

Only quantitative studies (randomised and non-randomised
controlled and uncontrolled trials, cohort studies and before
and after evaluations) published in peer-reviewed journals
were included in the review. Papers published in English and
focusing on researching clinical pharmacy practice and the
role of the pharmacist in managing patients with CKD were
included. Studies not addressing the topic, literature based
only on conceptual models, i.e. lacking empirical evidence,
grey literature including conference proceedings, abstracts
and unpublished studies were excluded. Observational stud-
ies were excluded since they did not address the aim of this
review.

@ Springer

Title and abstract screening and quality assessment for
inclusion were conducted independently by two reviewers
(FA and SC), with any disagreements resolved by discus-
sion with a third independent reviewer (DS).

Quality assessment

An independent, duplicate quality assessment of each
study was undertaken (DS, TJ, FA & SC). All controlled,
uncontrolled and descriptive studies were assessed using
the mixed methods appraisal tool (MMAT), a validated
and unique tool for appraising different types of study
designs [11]. All controlled studies included in this review
were additionally assessed for quality using the Downs
and Black’s method in line with the original review [12],
a validated tool with a scoring scale consisting of 27 ques-
tions grouped into five domains (reporting, external valid-
ity, bias, confounding and power). The total score is 32 and
is expressed as rates, the higher the score the better the
quality of the paper in terms of methodology (maximum
is 1) [12]. To classify scores, the approach of Machado
et al. was applied [13] (i.e. <0.5 was considered ‘weak’,
0.5-0.69 were ‘fair’, 0.7-0.79 ‘good’ and 0.8-1.0 ‘very
good’).

Data extraction

Data extracted included: primary author, year of publica-
tion, aim/objectives, design, duration, setting, participants,
pharmacist interventions, key findings or main outcomes
and conclusion. Structures, processes and outcomes were
adapted from Donabedian’s quality of care model [14].
Structure was defined as the ‘resources required for the
pharmacist to be able to provide care to renal patients such
as requiring special training, availability of policies and
procedures for practice etc’. Process was defined as ‘the
activities that are performed by the pharmacist on a daily
basis or on specific intervals and how and when they are
performed. These activities may include: daily clinical
rounds, involvement in patients’ management plans, medi-
cation reviews, therapeutic recommendations and phar-
macist prescribing. Outcome measures included clinical
outcomes such as: clinical parameters, medication-related
adverse events, mortality and morbidities, humanistic out-
comes such as: quality of life and economic outcomes such
as: rate of hospitalisation and cost of inappropriate thera-
pies. In addition, pharmacists’ intervention was defined in
the previous review as “any action with the aim of modify-
ing the process of use of drugs, either in patients’ activities
or in medical or health care practitioners’ activities” [7].
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Data synthesis

Due to heterogeneity in the data obtained from the included
papers (type of patients, study design, outcomes measured),
only descriptive and narrative synthesis was possible. All
findings were considered by two independent reviewers to
ensure robustness and consistency in execution of the review
process.

Results
Study selection and data extraction

No systematic reviews were identified from the Cochrane
database and no additional primary studies were identified
from the bibliography lists of included studies.

Databases searches identified 4140 potential articles to
screen further for eligibility (Fig. 1). Only 47 articles met

the inclusion criteria and after quality assessment were of
a standard deemed acceptable for inclusion in the review.

Quality assessment

The Downs and Black’s mean score of the 20 controlled
studies was 0.557 (SD=0.075). All papers presented ‘fair’
quality with the exception of four that scored < 0.5 and was
therefore considered ‘weak’ quality. The quality assessment
of all the included studies using the MMAT tool for the ran-
domised (n=10), non-randomised (n=20) and descriptive
studies (n=17) are shown in Figs. 2, 3 and 4.

Data extraction

Tables 1 and 2 detail the data extraction characteristics of
controlled and uncontrolled studies included in the system-
atic review [15-61].

Fig.1 PRISMA Chart describ-
ing study retrieval and selection

Records identified through database searching:
(n = 4,140)

|

Duplicate removed & Title screened
(n=4,140)

Records excluded (n = 3,637)

' 1. Duplicates:(n=478)
2. Not relevant to topic: (n=3,159)

|

Abstract screened
(n =503)

Records excluded with reasons
1. Non-human: (n = 4)
‘ 2. No abstract: (n=93)

3. Not relevant: (n=203)
4. Not English: (n=12)

|

Full-text articles assessed for eligibility
(n=191)

Full-text articles excluded, with reasons
1. No method: (n =30)

2. No intervention: (n= 34)

3. Not in English: (n=25)

4. Not relevant: (n=18)
5

. From original review: (n=37)

|

Studies included in quality assessment
(n=47)

Studies included in quantitative synthesis
(h=47)
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Fig.2 Stacked bar chart representing quality of quantitative Randomized Controlled Trials (n=10). The % values above represents the propor-
tion for each response as agreed between reviewers for the papers included for each study design

0%

20% 40% 60% 80% 100%

1. Are there clear quantitative research questions or objectives? [ |

2. Do the collected data allow address the research question or
objectives?

3. Is there a clear description of the randomization?

4. Is there a clear description of the allocation concealment (or
blinding when applicable)?

5. Are there complete outcome data (80% or above)?

6. Is there low withdrawal/drop-out (below 20%)?

(I

|
I |
| |
IR |
| |

Fig.3 Stacked bar chart representing quality of quantitative non-randomized studies (n=20). The % values above represents the proportion for
each response as agreed between reviewers for the papers included for each study design

0%

20% 40% 60% 80% 100%

1. Are there clear quantitative research questions or objectives? HI_ ‘

2. Do the collected data allow address the research question or
objectives?

research question?
4. Is the sample representative of the population understudy?

5. Are measurements appropriate (clear origin, or validity
known, or standard instrument)?

6. Is there an acceptable response rate (60% or above)?

LT |
3. I the sampling strategy relevant to address the quantitative.[[TTTTTTTT] |

AT |
IR |
[ | |

|
Hﬂﬂm Can't tell
[]

Not Applicable

Fig.4 Stacked bar chart representing quality of quantitative descriptive studies (n=17). The % values above represents the proportion for each
response as agreed between reviewers for the papers included for each study design

Study characteristics

The 47 studies were carried out in a variety of geographic
locations: USA (n=10), Iran (n=5), India (n=7), France
(n=3), Spain (n=3), Jordan (n=2), China (n=2), Japan
(n=3), Singapore (n=2), Nigeria, Taiwan, Australia, Saudi
Arabia, Germany, Netherlands, Indonesia, Norway, Canada
and the UK (n=1 in each country). Two studies from 2008
to 2009 were not included in the systematic review of Sal-
gado et al. [7], hence were considered as part of this review.

@ Springer

Thirty-one studies were conducted in hospital settings
(wards, intensive care units (ICU), clinics, departments and
dialysis units) and 16 in primary care settings, including
clinics and community pharmacies. The follow-up time in
all included papers ranged from 4 weeks to 24 months with
a mean of 9.4 (standard deviation, SD =5.08) months, with
four studies with unclear duration.

The majority of studies (n=27) used an uncontrolled
study design, 21 prospective and six retrospective. The
remaining 20 were controlled, ten of which were randomised



635

International Journal of Clinical Pharmacy (2019) 41:630-666

(Lo0'0=d

89)IS O1UI[O YSH 1B
dIeO [eNSn Ul §°¢ pue
SQJIS QIBO-TEnsn Ul
0°¢ "SA §'G) 93eIoAr
Uo SJUSWAINSEaW UIq
-o[Sowrery 210W pey
SOIUI[O YSH pasSeuewt

SoTurO
VSH poSeuew
-)stoeurreyd
JNOYIIM PUB YIIM

-)stoewnreyd UT SUBISIOA (T6=u) Oz SIURD) [BIIPIN
(1000>d Qs S VSH 9L PWD VS SITeJJV SURISIDA
$S9)IS QIed-[ensn Joj Je QIed [ens() Je ore) [ens() ur @ID-AdN
%6'9S "SA %T'1L) (rre=uw (8'8) ia syuoned
SOIUI[d YSH poSeuew systoeurreyd '8 dIeD-[ens) J10j uLIojuow
-3stoewreyd ur oSuerx Kq Aderoy) yvSHq “601) 6°EL pue Suiqriosaxd SIOIUAD (sypuowt 9) [6€] VSN
Ja318) o) UT 2IoM San (L91=1) Surioy orur) vSH posde syuaryed vSH jo Kienb [BOIPOIA ‘Bum)es Apms pa[jonuod (T102)
-[eA uIqo[3owdey AIOIN dred [ens)  -luow pue SulsOq  -UBA-ISIOBWLIRYJ @ID-dAN TLS oy aredwod o, AIed Arewilly  PISIIOPURI-UON ‘Te 30 [reurdsy
(110°0=on[ea d $1°C
SLI QATIB[AI) WAY) JO
uonodoid 1oy3iy
ur po[[onuod sem 4g
pue (G0'0 =9neA 8y=u
dSHww 9’11 —) K3ojoxydau ur
dd O1[01sAs ueow asnradxe yym
Ul 9SBAIOAP 19)BAIT sysroewreyd 1ejd
® pey suonepuaw -soy] £q 901AI19S
-w02a1 uotsua)radAy uorne)nsuod [ed
UINLIM IIM Sjudnjed -nnosewreyd v (¢)
'sja31e) 4g Iyl systoeurreyd
paaaryoe syuaned DN Ayunwwods pue
J0 %% pue Tijold oturpo sisArerp-oxd
JO % ¥ ‘sypuout 9 1y ) USIMIdq
“(8%€°0/120°0="2n[eA uoneuLIoJur [8d
d ‘soouaroyip sdnoi3 -Tur[o Jo Idfsuer)
uoam1aq) (D) ur ay) 9jeII[Ioe] 0)
SHwWW 7'z +/Lv+) SIoMmIau uon jusuneaI) oI
ym paredwod -BOIUINWWO Y (7) uorsuoyradAy jo s1sATerp-o1d Areu
(syuoned ro1d ur s)stoBW (/)] juowoSeUBW pUR -ridrosipnny
SHWW +°0—/6'9 —) -reyd Kyrunwiwod ¢ ¢, dnoi3 ared [0nu0d 4g uo ‘soroRULIBYJ (syyuow 9) [8¥] epeue)
Q1oMm ‘sagueyd Joj doysyprom  Tensn pue ‘(4°01) 14014 jo 1oedur Ayunuwo)) Apms pasrwop (1102)
dg ueow posnlpy  ([y=u)aredoensy Sumreny-¢ v (1) ¢'1Ldnois qijoid  swened @D 06 ) s9jenyeA? Of, ‘are) Arewrtig -uel ‘19sn[) ‘Te 32 IYoSIueS
(as)
ueow ‘(s1eak) a3y (Surpeseq 1) N
PaAlIyoR (uoneinp) Anuno)
SQUWIOOINO [BITUT[O UTRIA [onuo) UOTIUSAIIU] sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

MOTAQI OTJRWIA)SAS AU} UT POpN[OUT SAIPNJS PI[[OTUOI JO SONSLIAORIRYD) | d|qel

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

636

(1000>9)
[L0-€01D %S6] S0
Sem 1 UOIIUDAIONUI
oy} Surmoryoj pue
[€°0-(T'0-)ID %S6]
GO0 Sem UOUAIIUT
sistoeurreyd ot
210j9q juoned 1od
swojqoxd pajerar
-Snip jo ueow oy ur
Q0URIOYIP Y} IIYM
(1000>9) [$'61-0'8
1D %S6] %S°€1 sem
J1 UOTJUQAIIUT SISIO
-ewreyd o) 1038
pue [¢'/—(0'9-) ID
%S6] %ELQ Sem
UOTJUQAIONUT SISTO
-ewreyd ay) 210joq
dnoi3 uonuoaIUr
pue [o1uod 3y}
uoam3aq Aoenbopeur
3ursop jo aouspeaard
Q) UT QOULIYIP YL,

(8L1=u) skep 41

UM SISIoBW

-reyd o3 03 A1dax

uan LM dpraoxd

0} sdD “Aderoyy

ur saueyd Sur

-1s933ns pue

P303°p sd{d

oy Surreldp sdo

01 110da1 B 9)LIm

(9L1=u) o1 ameuuonsonb
dnoi3 [onuo) e pasn s)soeWIRYJ

(9z=w)

dnoi3 aseo oy se

plem ay) Jo ared

plepue)s oy 0}

uonIippe ur ared

Teonnaosewrreyd

QIed TEnsn
im paredwod
uaym S3nIp a10UW
10 ¢ 3urye) aTom
ey} SIB9A GQ JOAO
syuoned ur Juow
-1redwr [euar jo
Qouanbosuod e se
Koenbapeur Sur
-sop jo wpqoid
U} SurssaIppe
Ul UOT)USATIUT
jstoeurreyd
Aunwwod ay)
JO SSOUQATIORYJ

oy} 9JenyeAd o,

syuaned @D +5¢
saroewreyd

Aunwuwos ()

(I'L) 628
1010 “(£°L)
§°(08 UOTIUdAISIU]

sjuaned
SISATeIpowaRy
J0 TOOYH uo

Ly1) 9°8Y QIBD [BONINAORW

(sqpuow 6)
Apms pa[jonuod
POSIWIOPURI-UON

soroeW
-reyd Ayrunwwo)

rendsoy Arenis)

pareryje AJISIoA (sypuowr 7 1)

[81] ureds

(€100)
‘[e 30 BSOS-BIA

[o€] v

(pe=u) par-1sroeurreyd [01u02 “(£°GT) -reyd jo joedur -1un © Jo prem Apnjs pastwop (€102) Te 10
pajrodar joN dnoi3 jonuo) [eOTUT[O QATOO9Y 4GS UOTIUQAION] syuonied OQH 26 oY) SSAsSE O], sisA[erpowoe -ueI ‘IQISN[)  DepIABY-Nyseq
(as)
ueow ‘(s1eak) a3y (ourposeq 18) N
paAaryoe ’ (uonyeinp) Anuno)
S9WI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

Qs



637

International Journal of Clinical Pharmacy (2019) 41:630-666

sarnjipuadxa
3nip ur juoned 1od
dsn 88¢I Jo s3ulaes
pazifenuue ue 0} Sur
-pe9] ‘porrad yyuow-9
oy} Surmp ySH $s9[
pasn dnoi3 pageuew
-)stoeurreyd oy ur
siened ‘(7690 =d)
A[oanoadsar ‘o766
s paredwod %896
Sem uIqo[3owaey
ja31e) SuTAQIyOR
syuaned jo uonzodoxd
oy o[Iym (g1 0=4)
dnoi3 areos [ensn
oy ut sKep [+ yim
paredwoos dnoig
paSeuew-jsoewreyd
a1y ur sAep gz sem
1a31e) UIqo[owary
JO JUSUWIDAQIYOR 0} QWIL],

%t L Sem suOnEpUIW
-wodar sysroewreyd
ay) jo doueydadoe Jo

arrayy (100>d

OTF¥9'SA60FIC)

sdnoi3 uonuoAIAUI
pue [01U0d Y} Y1oq
Ul UOISSTUWIPE pue
93reyosIp usamiaq
101D Surredwod
UoUM PIJOU AIOM

(1g=w
Q0TAIRS BIWARUY
pue uore[n3eod
-nuy Aorwreyd
[edtur[) ot Sut
-puane syuoned
0} papraoxd
SQOTATAS Aol
-reyd eorur)y
(yer=u
suerd1sAyd o)
syusunsn(pe asop
Sursodoid pue
s1oyowered £10)
-eI0qER][ JO YO
Aqrep ‘s3nap o1x0)
-oxydau jo sasop
Jrerrdorddeur
JO uoIEBOYNUIPI
‘unye) A103S1Yy
uonesIpawt
‘marAaIur Juaryed
Surpnpour uonuA

(0L =1u) a1ed [ensn)

(czr=w

(€€D

L oN (v
9°G9 UOTJUAAIIU]

(stsATe1p-21d)
syuaned @I 101

(€9 TI8
[onuo) “(¥°L)

QI [ENSn
ym paredwod
9014108 Aoewrreyd
[eoruro € £q
paSeuew Aderoy)
VSH Suisn
syuoned Suowe
sarnipuadxa
uoreZI[NN UoTn
-eoIpaw Ajnuenb
0} pUE ‘SQWO0oIN0
Kjoyes pue Aoed
-1J° PIm Fuoe
‘sourfopIng 3ur
-10)IUOW 0} U
-IaUpe SSasse O,

sjuaned osoy)

Ul uonOUNJ [eUAI
JO Qwodno ay)
soaoxdwr (31D
ym syuaned

103 werdoxd Sur
-10)IUOWI B UT ISIO
-ewreyd e jo uon
-UQAIUI 3} Tey)

WISAS
ared Yreay ‘Sun
-19s a1ed ArewiLd

vl vSn

(¥102)
‘Te 19 0J1uaqJ

(sqpuow 9)
Apms pa[jonuod
PASIWOPURI-UON

[endsoy [e119ja1
e Jo juauntedsp

[9¢] ureds
(¥102) e R

(1eapoun)
Apnis pafjonuod

SOOUIOYIP JUBIYIUSIS dnoiS jonuo)  -1uriswewIRyd g8 uonuoau  syuaned D 6+C QJeN)SUOWOP O],  QUIOIPOWI [BUISIU]  PISIWUOPUBI-UON [oLINJA-0[[oqB))
(as)
ueow ‘(s1eak) a3y (ourposeq 18) N
paAaryoe ’ (uonyeinp) Anuno)
SWI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU] sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

638

(z0'0=d) sdnoi3
0M] 9} U23IMIIq
Apueoyrudis paioj
-HIP SHAV 9say} Jo
19quINU 9y} {PIAJOAUT
syuaned o) 0) (porrad
uonuaAIul-jsod )
ur %' pue potred
uonuaAIdur-axd oy
ur 9,9'g4) Amlur jued
-yrusts pasned sgqV
paynuapt jo Ajofew
Y, "A[eAnoadsax
“(6€0=9) %9¢'LT
SNSIOA %0 ]°0€ pue
(97°0=4) skep 89°L
SnsIoA sAep ¢6'§ sem
yoym guaunsnlpe
Sursop isoewreyd
19)Je AyifelIow pue
Ke1s NI Jo Y3u9[
UIIM]OQ SOUIJJIP
JUBOYIUTIS OU Sem
Q19 ‘TOAIMOY
(10070 > d ‘syuanyed
[T Ul 8] SNSIOA
sjuoned /g Ut G¢)
dnoi3 uonuaaIayur
-o1d oy} ueyy 1omoj
Apueoyrugts arom
dnoi13 uonuaarayul
QU) UI SJUAAD FnIp
9s19Ape pajoadsng

(901 =) papasu
uoyM suon
-UQAIUIT JUSW
-)snfpe oesop
opew usy) pue
‘spunol N[ 3ur
-mp Arep 10
3urare0a1 syuaned
) passasse
systoewreyd oy,

(¢01 =u) dno13
UOTJUSAIUI-ON

SUOT)UQAISIUT
jstoewreyd jo
SSQUAAT)ORYJO oY)
QUIWEX? 0) pue
LYYD Furaredax
syuaned 111 A[[e0
-1LIO JOJ JUSW
-)snlpe 3ursop

paAdIyoR
SOWIOJINO [EOTUI[O UTRIA!

[onuo) UOTJUAIOU]

(691 isroewrreyd jo

€19 UOTIUSAIIUT uonejuaw[dwr Teadsoy (sypuowr Z1)
-ON “(€'LT) Id¥D  puejuowrdoadp  Arenie) pojer[yye Aprus pafjonuod [c¢] eumyd
6'8SUOTIUSATIAIUT uo sjuened 60z 9y} 9qLIOSAp O, Ausmoatuy  pesiwopuel-uoN (e 1(g) Te 10 Suerp

(as)
ueoW ‘(sIeak) a8y (eurpeseq 18) N

. (uoneinp) Anuno)
sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

Qs



639

International Journal of Clinical Pharmacy (2019) 41:630-666

(600 < d) 2ouaIax1p
JueoyTuSIs Ou pamoys
NDI ut Kyfeyiow pue
Keys DI Jo PSu9[
oy “(zo0'0=4d

‘97 'sA T1) (sAAV)
SJUSAQ FNIP SISApPE
PaIe[oI-[RIqOIOTWIIUE.
JO uononpar sown
9¢'z pue ‘yuanyed 1od
s3urAes 1500 (SN
$'6997) L'LEYTF Ul
pajnsar1 jusunsnlpe
Sursop is1oeurreyd
‘dnoi3 [onuoo uy
‘suerorsAyd £q
pardoooe arom suonep
-UQWIWOI (%G°L8])
¥TT UM JO ‘HAAD
SurA19091 sjuaned 10§
SUONEPUSWIWIOII

(€6=1) papasu
uayMm suon
-~UQAT)UT JUSW
-)snlpe o3esop
[erqoIorwmue
opew pue ‘spunol
DI Sutmp Ajrep
HAAD SurA1o0a1

HAAD SurAteoar
sjuaned 10j uon
-~UQAIUT JUdW
-)snfpe Sursop
[erqoIoTwInUR

uo wea) D] ue
ur uonjedronred

juounsnipe Jursop syuaned [[1 A[ed (9°02) €65 jstoeurreyd [eo [endsoy (sypuowt Z1)
[elqolorunue 9¢g (Lg=u) -DLIO passasse [onuo) “(¥°81) HAAD -urp Jo1oaye  Arenia) pajeryyje Aprus pafjonuod (o] euryd
opeu s)SIoRWLIRYJ dnoi3 jonuo) sispoeULIRYg  ()°C9 UONIUSAIIU] uo syuaned O8] U} AJeN[eAd O], Auszoatuy  pestwopuel-uoN  (9410¢) Te 10 Suerp
(as)
ueow ‘(s1eak) a3y (ourposeq 18) N
paAaryoe ’ (uonyeinp) Anuno)
S9WI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

640

"(100°0=4d) skeprjoy
Snap pue (800°0=4d)
unod 1d (9000 =d)
QouaIdYpe unye)

IOJ $)[NSAI 1939q
Apueoyrugis pamoys
os[e syuaned ared pay
-1suQ)uy “oresjuoned
PAYISUAUI JO 1Ie)s
1oiye sKep Op—0¢
uryiim paaoxdur
ApeaIe a1om saIn
-SEOW 90UAIAYpPE
Areq “($10°0=4)
uonejue[dsuen Jo)e
Ieak 181y ) Surnp
(%SL) DOS Wim
paredwod (%16) DOI
a3 Jo syuanyed ur
paaoxdur Apueoyru

-31S sem 9dURIYPY

(ce=w)
‘(yuow € 9dUO JO
wnwrxew o) dn
Jo1renb 1od oouo
wnwirui) dIed
uonejue[dsuen
juened-ino je
jstoewreyd
[eorur[o yim s3ut
-Josul [euonIppy
uonejuejdsuen
Y} 19)j€ ISIORW
-reyd reoruro
) Aq papraoxd
Sur[esunod pue

(6 =u) dnoi3 QIBD [BOIINROBW

(61D ¥S :D0S

uonEeIIPIW
aarssarddnsou
-nuUWI 0} AU
-1oype sjuaned
juejdsuen Adupry
QOUBUD 0}
J[npour Juswage
-UBW 90UAIAYPE
Surkjdde 10y
owrurerdoxd ared
[eonnadewreyd

® Jo Koeonjo

paAdIyoR
SOWIOJINO [EOTUI[O UTRIA!

oIed pIepuel§ -reyd reuonppy (€€ 16 D01
(as)
ueow ‘(s1eak) a3y

[onuo) UOTJUSAIU]

sjuaned X,/ oY) 9jeSNSOAUT O],
(auryeseq 1e) N
syuedronred wry

Kpmis pa[jonuod
POSIWIOPURI-UON

-ISATUN B Je Jrun

juedsuen) feuoy (4102 ‘Te 32 1800(

pringer

Qs

(ponunuoo) | sjqey



641

International Journal of Clinical Pharmacy (2019) 41:630-666

paiodar JoN

sjuedronred
J0 %76 oanisod A1oa
Sem UOTUAIMUI A1)
)M UOTIORJSTES "ULIR
UONUIAINUI O] PaIn
-Seoll OTe SUTULIBAID
0} uTInq[e QULIN pue
snuoydsoyd e yyim
$309[qns JO 9, pasearou]
(20'0=d) wre
[0TUOJ A} UT 250}
uey) SUOTIEOIPIW
aarsuaredAynue jo
SOSSEB[O 2I0W PAQLIOS
-o1d orom wire uom
-UQAIIUI Ay} Ul 309

dnoi3 10jeredwo)

(oL1=u)

*o1uI[d A30[01
-ydou juerdsuen
oy} papuaye
oym syuanyed
JI0J MITAQI 1IeYD
BIA SUOTIEpUSW

(GL1=U) -woda1 papraoid

(0L0T =) Ay

sysToewIRyJ

syuardroar
juejdsuen Adupry
Jo juownyean dn
-MO[[0J 93T1eYISIP
-150d oy uT SIISIA
orurpo juenedino
Surmp uonedron
-red joa11p

I0J uonmusqns
JUSIOYINS SE 9AIOS
PINOO MITARI
IO QATSUQY
-o1dwos paynd

76 Jojeredwod -ox9-)soeunreyd

‘0S UOTIUSAIIU] sjuaned X1, 61¢

3urpes ared
Arewrd oy ur
sout[epInNg (31D
0] dudIdYpe (T
pue (3D yim

€ J1 QUIULISAP O,

rendsoy

K)ISIOATUN [BD

-IpaW © JB SIUI[D
juerdsuen feusy

(stpuou €)
Apms pajjonuod loz] vsn
pastwopueI-uoN  (S107) ‘I¢ 19 ourels

-qns (100°0>d ‘wire -S1391 (3]D & pue syuaned 10§
UOTJUAIIUI A} UT uoneonps juaned SWwoNO (] Uo
%6°9% "SA WIB [01U0D ‘UOnBIOqR[[0d wei3oid juow
AP ur %1°97) H1d Jo uerorsAyd-1sto -oaoxdwt Ayirenb (sypuowt Z7)
JUSWIAINSBIW “QUIOD -ewrreyd ‘uon (T'8)L°SL [0nuod paseq-isioewreyd Apms pa[jonuod [¢1] VSN
-1no ssad01d Arewrid 6TI1=u) -USAIOIUI ISIOBW “(7°8)s gLuon © JO 109JJ0 ‘pastuiopuel (S100)
oy ur Juswoaoxduy areo rens)  -reyd paseq-ouoyd -uoAIu]  syuaned 3D 661¢ ) 9eN[eAd O, ared Arewrtig ‘onewdeid ‘Te 32 A9uoo)
(as)
uBdwW ‘(sIeak) a3y (ourpaseq 1) N
paAaryoe ’ (uonyeinp) Anuno)
S9WI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

642

(96£°0=4a)
uLe [0NU0d Ay} Ut
SHWW '8 F6'¢
\AQ pasealdul aIns

-sa1d pooiq o1703sAS

QWO UeaW Ao\
(#00°0=4a)
WLIe UOTIUSAIIUI )
ur SHuw /L1 F6°01
sem JgS Qwoy uedw
AP[oam ur auIo9p
98e10AY (20'0=4d)
WwLIe [01U0D Y} ur
siuened Jo % ¢yl
K[uo 0} paredwod
(BHuww ¢8/Se 1> dd
Qwioy ueowr) Jo31e)
dg pasatyoe wiIe
UOTJUAIUI )

ur syuaned Jo %94

(s00=d
*€'96-96°0 ‘ID %S6
‘e ¥O) ‘dnoi3
[0UOS 9 UL % E'cE
0) paredwoo dnoi3
LN 3s1oeureyd ay)
ur %9°g,) siuened
pauoaIosun A[sno
-1A21d Jo SuruaaIos
JSBAIOUL O} POpUR) )1
‘1oAamoY ‘(¢ o=d

(Lz=w
dnoi3 jonuo)

(6g=Uu) Adeiay)
o13oj0oeurreyd
aarsuaedAynue
azrumndo 0} axed
QATIEIOQR[[0D ISIO
-ewreyd-ueIorsAyq

(rz=u)
souropIng juowr
-o3euewr pue
Suruoaros paseq
-ODIA>] noqe
uoneonpa [euon
-Ippe PIATIIAI

Sur

-10j1uow 21nssaxd
poojq swoy £q
papmng syuaned
SISA[eIpOwoRy

ur aanssaxd

poojq Jo Juaw
-oSeuew Ay Ul
9101 systoewrreyd

(S'81) LTS 101
-uod pue (1°GT)
€°GG UOTIUaAIaIU]

WISAS
y)[edy pajeidajur
“931e[ ® UI JUW

syuonied (QH 09 [BOTUI[O 918N[BAd O,

[endsoy

K)ISIOATUN € JO

sjun sisATerpowr
-oey Juaneding

(sypuow 9)
Apms pa[jonuod [z¢] uepior
pastwopuey  (9107) T8 19 yepnQ

0P1-S0 1D %S6 systoewreyd asay [, -oeuew (3D
‘9'7 d0) [2A9] uonen Q)1 J1UI[O pue SurudaIds
-dod oy 7e Surusaros oy Je Isoewreyd ernurajold
eunurjold [e10) 9y woig y1od aaoxdwt o) NN
aroxdwr Apjueoyrugis -dns [euonippe sjuoned  3stoewreyd Sursn (sypuowrt §T)
jou pIp uonuosA.Iayul (cz=1w) PaAIORI WIE  (L'6) 9°0L [01U0D @O Ly ‘sdus Jo Apiqrseay Aprs pastwopuer [sv]l vSn
LN 3s1oeurreyd oy, dnoi3 jonuo) LN Iswewreyd  “(Z°€1) 0'49 INLIN areo Arewnd g U} QUIWIEXD O, areo Arewtrg  ‘1o)snpo ‘onewSeld  (9107) Te 30 Sueyd
(as)
uBawW ‘(sIeak) 93y (ourpeseq 18) N
paAaryoe ’ (uonyeinp) Anuno)
SWI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU] sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

Qs



643

International Journal of Clinical Pharmacy (2019) 41:630-666

MIIAJI JAJe
PIAJOSSI (%€°€8)
6T WM STIA STS
PaYIUdPI s)storvwLIRYJ
sdnoi3
u2am1aq (691°0=d)
102 uonezInn
QIBOYI[BIY UBIW
10 (681°0=4d) it
-[e3I0W UT SOUAIRIJIP
jueoyusis oN ‘D) 03
paredwod [100'0>d
(T°¢) 0’8 "snsIoA
(97) L'9] skep ¢'1 £q
SO UBSW PIUd}IoOYs
pue (Ly0'0=d

Apuap

-uadopur 2014108
oy opraoxd
PInod A3y} 210J9q
jstoewreyd
poouarradxo ue
ym Jururen

JO SUOISSas 1
PAATAI pue
so[npow 3ururen
pajerdwos Aay,
‘Sur[esunod
uonedIpaw pue
ISBASIP ‘MITARI

(DN) 21ed
[ensn 0} pared

-wod ‘sIsA[erp
Surareoar sjuenjed
ur uoneZINn ared

-3[eay pue SUoIs
-STUIpE 9oNpaI
UED JUSWOAJOAUT
stoeurreyd yim
jopour (D)

‘66'0—7S0 ID %S6 uonedIpawt Q18D 9ATIRIOqR] Tendsoy Arenioy (sypuourt 47)
‘€L°0 ¥AD %LT £q (061=1) pawoprad (8°01) ¥°09 -[0d B IoUIROYM B JO OIUId A30[01 Apms pa[jonuod [¢s] 210de3uIg
SUOISSIWPE PAdNPaAI D)D) QIed [ENS[) sisoeureyd DN ‘G11) 29 DO ourmeep o],  -ydeujueneding  ‘pestwopuel-uoN  (L10T) Te 30 eIYD
(as)
ueoW ‘(sIeak) a8y (eurpeseq 18) N
paAaryoe ’ (uonyeinp) Anuno)
S9WI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

644

sjuaned
dH Jo ToOYH ur
joedur oanisod pey
jsoeurreyd pouren
® Aq papraoid ared
reonnooewreyd oy,
sanuad QY
Qa1y) ayy [re ur dnoi3
Dd sns1oa dnoid
O[] 2y} Ul JUSIyIp
ApueoyrusIs jou a1om
seare pajagdIel-qyYSq
S (ons Surewop 9¢
-100 Jo 21008
TOOYH dul[eseq YL,
s00>d
yim dnoi3 D o
paredwoos dnoig Dgq
JO SAMUAD 1Y) AY)
[Te ur , aseasIp Aoupry
JO S109JJ0 pue “IsI|
worqoxd/woydwAs

JuWINISUT
9¢-T100a
pajepriea 3uisn
Ppassasse sem
100 4L ()
‘[opow d1ed [ed
-nnadeulLIeyd
dId-OHM 2y

Kq jyuaned a3 jo
pasu pue uonIp
-U0d 9} UO paseq
sIseq A[qpuour

uo sjuaned ay)

0] POIAAT[P

pue pau3isap
sem ue[d ared

HO ur (L8'11)

‘Sutuonouny [e1o0s PoZIwolIsno Y], LL'€S pue HO
‘3uroqg-T[om JeUOTIOUId s1oewreyd pargy ur (L1) 8% ‘HL
‘UI[eay [e1ouds ‘Sur -siSarpoyrenb  wr (L°21) OV 61
-uonouny [earsAyd,, e Aq paroarep  dnoi3 ared [ensp sjuaned qQH (HD)
9y 0] presar yym QIBD [BOIINAD "HD U (Z1°6S1) Suowe ToOYH sreidsoy oyerod
padsnou sutewop sy} -eurreyd s L6°CS PUB HD ay) uo (Dd) 218D -100 pue ‘(HD) (sqpuow G1)
ur ouir I1A0 pasorduut 3uore a1ed [ensn ur (£ 21) S16% [ednnaoRWLIRY] JUWUIIA0T Apnis [onuod
Apueoyrusis orom ) PIAIIAI ‘HL ut (S$#°01) Jo joedur ‘(HL) Suryoed pasruopuerx [€6] erpuy
501008 TOOYH YL (SL=u)areoensn  dnoi3 D our (1) 8.7 dnoi3 Dgq syuoned g/ U $S9SSE O],  JO SANUAD SISATeI] ‘Teqer-uadp  (L107) ‘Te 10 AR
(as)

paAdIyoR
SOWIOJINO [EOTUI[O UTRIA!

UOTIUSAIIU

ueow ‘(s1eak) a3y

(surpaseq 1v) N

syuedronreq wry

Sumpes Apms

(uonyeinp)
u3isap Apms

Anuno)
1eak Apms

(ponunuoo) | sjqey

pringer

Qs



645

International Journal of Clinical Pharmacy (2019) 41:630-666

S[eAIUI QW)
JuardyIp 1e dnoi3 D
0) paredwod dnoi3
Dd Ut pasearour
Apueoyrusrs pey
syuoned (JH JO $91008
9)el 9OURIAYpPE UOT)
-BOIPOW PUB S[IAJ]
QH ?YL "S0'0>d jo
QouedyIuSIS [BONSIIRIS
B )M S[eAIS)UI QW)
juareyIp 1e dnoi3d
N 03 uostredwod ur
S[oA”[ 49 PUe M1
)1 PaoNpaI Apuedyru
-31s pey dnoi3 Dd oy, (G, =u) a1ed [Bns()
(A1eanoadsax
‘T010'0=4'¢8'¢
~1TT1ID %56 ‘91°C
¥ pue Ly0'0=4d
‘98°¢-10°'T ID “%S6
‘L6'T [JO] oner
Sppo paisnlpe) a1ed
[ensn uey) syjuow g
Je [onuod Jg 1oysiy
Apueoyrugis pey
dnoi3 uonuoaIul
oyL (1000>d
‘67— 0181 — 1D

.Jopow a1ed
[eonnacewIeyq
dI4-OHM., W

£q juaned oy
Jo uonemnyis oy
Uo paseq siseq
A[qjuouwr uo
sjuoned dnoi3
Od 9Y3 01 papia

-oxd pue pou3Isep

u29q sey ueyd

aIed palofre],

uerorsAyd

) 0y pajuasaxd
pue paredaxd
arom suerd ared
pasienplAlpuf

sjuaned qQH
Suowe (M)
ure3 JySrom
onAeIpIoiul pue
‘(dg) @mssaxd
POOI[q ‘S[AAJ[
QH ‘9doualaype
uonedIpal U0
oIed TEONINAORW
-reyd jo joedur

[eS]sv sjuaned g/

QIeD [ENSn
SurAateda1 asoy)
yim paredwod
syiuowt g 18 4q

ueow ur uon
-onpar 19yea13
pue [0nuod g
paaoxdur pey

Y} $SSSe O],  JO SANUD SISATeI]

(HD)

srendsoy 9jerod
-100 pue ‘(HD)
JUQWIUIOA0S

‘(HL) Suryoea)

(squow 1)
Apnis jonuod [¢¢] erpuy
pasruopuel (®
‘Teqer-uadpy  8107) ‘T8 10 DA

‘%66 SH W £9°8) ‘NL.LH uo sjuaned UOTIUSA I UT
SYJuOW ¢ 18 I8 Q) pareONPa U jsroewreyd e Sur
ensn yyim paredwod pue a3pajmouy -ATOAI (T3 pue
uononpar amssaid PIssasse ‘suored A p1gIowod
Poo[q o1[0IsAs ueow -Ipall MaIASI 0} (TT 1°€9 101 s syuared [¥sl vsn
10182138 Apueoyrugis syuoned pamara -uod “(9°11) L'19 aarsuaadAy SOJBIS G WoOoIJ e (8102)
pey dnoi3 uonuaAIjuy syuaned g0 -1out Jstoewaeyqd  dnoiS uonuoalouy syuoned /77 J1 OUIULIONP O],  SQOUJO [BIIPAW ¢ PISIWIOPURI I3ISN[D) ‘Te 30 33a10puy
(as)
uBawW ‘(sIeak) 93y (ourpaseq 1) N
paAaryoe ’ (uonyeinp) Anuno)
SWI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU] sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

646

‘Afeanyoadsar ‘(SN

S0'0FCI) ~ AIVO
JINI 0€t°L8

pue ‘(dsn

9'9.7¢) ~ A TVO/INI
99'9T0°T€T ‘(SN
€0°¢ce) ~(XTVO)
Teak 911 pasnlpe A
-[enQ/(IND) sodny

URIPU] ()€T 98 21oM
dnoi3 Hn yym pared
-woo dnoid Hq jo
syuaned (Y srendsoy
9je10d100 puE ‘Ul
-UIQAO0S ‘OTWApEOR
JIOJ OTJl SSOUQATIOY
-1S09 [BIUSWAIOUT Y],

(ga01) oner
SSQUANIYJR-1S0D
[eIuoWRIOUL
Kq possosse
JI9M SWO9INO
JIWOU0I? Y],
Pa109[[09
JIoM [9ARI) pUE
‘51593 K103BI0QR]
‘H ‘suonesrpawt
JO 81509
[enuue y, (7)
MITAI JIRYD
uonedIpawl pue
Q[AISOJI] “‘OseasIp
‘SuUOIBIIPAW A}
Jnoqe a3pajmouy|
oy Surpredar
sIseq A[qjuowr
uo sjuonjed
dnoi3 Dd ayp
0} Dd papraoid
(gL=u)ored ensy Isoewreyd oy (1)

dH
douruuIEW SUT

-o31opun syuaned
Ay} UI SIS0
JUSUNEBII) UO 18D
[ensn snsIoA aIed
[eonnaseuwrreyd
JO SSQUOATIOYQ

-JS00 9} SSISSB O],  JO SANUD SISATRI]

(HD)

sredsoy ojerod
-100 pue ‘(HD)
JUSWIUISAOT

‘(HL) Suryoeay

(syuow Z7)
Apms Jonuod [9¢] erpur
pastwuopuelx (q

‘[Pqe[-uadQ 8107 ‘e 10 DAl

paAdIyoR
SOWIOJINO [EOTUI[O UTRIA!

[onuo) UOTJUAIOU]

ueow ‘(s1eak) a3y (eurpeseq 18) N

wry

Sumpes Apms

(uoneinp) Anuno)
u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

Qs



647

International Journal of Clinical Pharmacy (2019) 41:630-666

quowoy
proifyjered 1o ‘sni
-oydsoyd ‘urqoj3ow
-oey ‘dg 10§ s[eos jo
JUQWIOASIYOE UT 90U
-101J1p ON “(S6°0=d)
dnoi13 jonuoo o)

ut (%9¢) 81 =" pue
dnoi3 uonuoaIur
P Ut (%97) 61 =U
Sem 9)el UOISSTWpPEal
[edsoH *(¢L'0=d)
dnoi3 jonuoo ur
%1+ pue dnois uon
-UQAIIUI A} JO %t
UT POLINOJ0 (SIISTA
QAIUAD dIBD JUASIN
nuauntedop Aoua3
-Towo/uonesiredsoy
Jo 9yisodwod) awod

a3reyd

-s1p [esrdsoy jo
skep £ urgim
(as1] pue uerd
UOTIOR ‘MITAI
UuonedIIPAW) Judl
-o3euew Aderoy
uonedIpow €

10§ Is1oewreyd e
woIJ JSIA woy

(01) 69 dnoi3
[01u0d “(Z1) 0L

SIsA[erp

uo J0u (D
ym syuaned ur
uonezifeydsoy
19)je uoneZImn
91D 9)NoE U0
UOTJUIATIUT
JuowaSeuRW
Adeiay) uones
-Ipall ® JO J09)9

*SJISIA QWOY pue

(sypuow €)
[eL1) PO[[ONU0D

‘pozIwopuel [Ls1vsSn

-no Arewrid oyJ, sjuoned g9 -uranoy-z 0) -1 v dnoi3 uonudArajuy sjuoned 7/ 9y} QUIULIAAP O], Surpes [eydsoy ‘pur[q-o[3urs  (8107) ‘Te 310 omng,
(as)
ueow ‘(s1eak) a3y (ourposeq 18) N
paAaryoe ’ (uonyeinp) Anuno)
S9WI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

648

ared [ensn D, ‘vonejuedsuen x7 ‘dnoid a1ed prepueis HHS ‘@Inssaid poo[q d10IsAs Jg§ ‘Quourioy proifyyered z7 7 ‘ONeI SPPO YO @SeasIp
Aaupry otuoayo juepuadap sIsA[eIp-uou (7yD-JAN IudwdFeuew AdeIay) UONEIIPIW J4 [ ‘SOWO0IINO0 [8qo[3 Furtaoidw] :9seasip AQUpn] 0O[@Y ‘Iun dIed AISUNUI ))7 ‘dnoI3 a1ed payIsuajur
D] ‘91 Jo Kirenb pajerar-yieay 7oOyH ‘sisArerpowsey (g ‘siouonnoeid [erouss sgo ‘quaSe Sunenuwmns siserodonAig ysg ‘swopqoid paje[ar Snip sy ‘UONEN[JOWSH SNOUIA-OUIA SNO
-nunuo) HAAD ‘Aderoy) juswrooe[dal [eUSI SNONUNUOD [y “OIULIEI[O QUIUNEID ). ‘9SeasIp AQUPDY OTUOIYD (7)) ‘[eAISIUT Q0USPYU0d 1) ‘aInssaid poo[q Jg ‘s199jjo Snip 9SI1oApe SZJV

%T S6

SeM UOTIUSAISNUT Y}
yIm AI010R)Siies
syuaned “(10°>d)
sjuaned YT ur puen
SuIsLI e pajensuowop
g ‘(¢6'0=d) uon
-BLIBA JUBDYTUSIS
JNOYIIM 9[qEIS Sem
syuaned oy oy

JO [9A9] QUIUTIBAID
WINIos ‘sapIsog "aIed

eonnooeurreyd
QUIINOI PIATIIAI
osTe pey dnoi3 Y1
oy ut syuaned 19y uoneonpa
(zro=diLvyF95 PUE ‘UonBINSuU0d
SA 6'CFH'96) [eonnaoceurreyd
JueOyIuSISur ‘sd¥dd Jo uon
QWBddq syuow | -BJUQWINOOP pue S1uQ
& SQOUIQYIP ) KI9A09SIp pue -1d1oa1 Juedsuen
‘AomoY (100" >d ‘suorneuruexa Kaupry ur a1ed
16 FQ8E "SA K103BI0QR] [eonnaoeurreyd
8'vF9'617) 2IBI-J[0S 10} sdn-yooyo JO sowodINo
10J 93pa[mour 19330q ‘SMOTAIIUT Q0B (821 0’6 res13ojorsAyd 21U [BD (sypuowt Z1)
passassod dnoi3 -03-20e] papraoid dnoi3 1 (6°8) PUR [BINOTARYQQ  -IPaW © JO SOIUI[D Apnis pa[jonuod [8G] uemrey,
Y 2y) Ut sjuaned syjuoned xJ, 71 systoeurreyd oy, 9'8f dnoi3 gy siwoned X1, ¢ oy) ojenead o], juefdsuen Aoupry  ‘pPOSIWIOPUBI-UON (8107) 'Te 1° n¥
(as)
ueow ‘(s1eak) a3y (ourposeq 18) N
paAaryoe ’ (uonyeinp) Anuno)
S9WI00INO [BITUT[O UTRIA [onuo) UOTIUSAIIU sjuedronred wry Sumpes Apms u3isap Apms 1eak Apms

(ponunuoo) | sjqey

pringer

Qs



649

International Journal of Clinical Pharmacy (2019) 41:630-666

payiodar joN
uLey
juaned juouewiad 0)
P31 (%€°7) T pue ‘Keis
Jo y13uQ[ pasearour
(%¢€°7) T ‘Suriojuow
JI0J POSU Y} PaAsLaIoul
SIOLI9 91 JO (% L'P)Y

weo)
Q18D YI[BaY 9y} 0}
payiodar a1om uon
-BPUSWTIODY “ISTO
-ewrreyd £q morAal
uonedIpowl pue
[BOTUI[O ‘MATAIIUT

KI0)STY UOTIBOIPIA UN

uerorsAyd Sur
-pusye 9y) JO Jusw
-9013® 19)Je opewW

systoewrreyd

[eorur[o £q opewt
SUOTIEPUSWIOIAI JO
doueydoooe ay) pue
SN 24} Jo doued
-YIugIs [edIur[ [en

syuaned (3[D 80¢  -uejod oy a1o[dx? of,

[endsoy [e1r1aya1

® JO pIem A3o[or
-ydou oy Je SI01I0
uonduosaid jo
uonuaadid pue uon

rendsoy
Suryoea) e Jo A30701

-ydau jo juouniedog

(squour g)
Apms payron [62] e1puy
-uooun dAndadsord  (1107) ‘Te 10 oureIse)

‘waIey ou pasned SeM UOTJUQAIUI -0930p Uo Jspoewrreyd (syyuour 1)
SIOIIQ PIJOAAP Y} pue SIopIO uor} [eomurpd e jo joedwr [endsoy Ajisioarun Apms pajon [£1] ueay
JO %G°68 USNOYI[Y  -BOIPIW PIMIIARI JD TLD) L'LY syuoned (3D 92 AU} QUIWIAAP O], ® Jo prem ASojorydoN -uooun 2An2adsoid (0107) 1essaA
SOOIAIIS A JO
Q0oUBOYIUTIS [BOTUI[D
o) pue suerorsAyd
Kq 9ourydoooe o)
‘spIem 9SeasIp snor
SUOTIUAA -09JuI pue A30[01
-Io)UI pue SANIATOR -ydou ur sysroewreyd rendsoy
sjuaprsal Aoewreyd [eorur[d Aq papraoid  AjIs1oAtun 93Ie] ® JO (sypuowr 1) [16] uery
[e91UI]D [[& JO uor) SOIIAIRS JO sadk) SpIem 9seasIp snon Apms pajjon (6000) Te 10
pauodorioN  -BIJUSWNOOP ULIOJIU[) (Iv1)STS syuaned (3D SOT1T oy puejsiopun oJ, -dojul pue A3ojorydoN -uooun AndsoIg D{EPIABY[-NYSe
$901n0S om) Aq Sut
-Ye) K10)S1Y [eSIPIN
-oreydsoyd pue
wned ‘g YDV o1ur[o ared AIe
91 VQH ‘uonouny -puo9as [euonIpen
(S0°0>d) >TVqH pue [euor ‘gq jo sur oy 1e dn paxprd A
(100°0>d) [0191s9]  —o9yd ‘vonestundo -edoaydou onogerp
-oyd 1210} {(100°0 > d) JuSWIEI) J0J OIUI[d yim syuaned oy (sypuowr §1)
dg ur syjuowr pa Istoewreyd syuoned Ayye JUSUI)BAT) JAISUIIUT Tendsoy A1epuooas Apms pajon [¢4] wop3ury] payun
-oaoxdwr yueoyrudig 0] sy1s1A Juonborg (9'9) #'¢9 -doxydou oneqerp 9711 asimdo)s 1opo o, ® JO JIun $9)qeI(q -uodun dAn0adso1g (8002) ‘Te 10 Ao
(@as
ueoul ‘(s1eak) a3y (aureseq 1) N
paAdIyoR suor (uon Anuno)
SQUIOOINO EOTUT[D UTR]A]  -UQAJSIUT JSIORULIBYJ syuedronreq wry Surpes Apms -eInp) udIsap Apmis 1eak Apms

MOTASI OTJRWIAISAS Q) UT PAPN[OUT SAIPNIS PI[ONUOIUN JO SONSLIAIOBILYD) ¢ d|qeL

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

650

pa1iodar JoN

payrodar JoN

(Ip/3 01) dnoig

MO[ UI WY} Pasealoul
Apueoyrugrs pue (1p
/3 71) dnoa3 y3y oy
I S[9AQ] UIqo[Sowdry
paseardsp Apjueoyru
-31s sysroeurreyd

Aq Sur[esunod ayJ,

mﬁOﬁ.m—uﬁ@EEOUQH
Jo uonejuowIndop
pue 4D 4q sddd

JO uonedynuapy

uone)[NSU0d [BUI
Jurmor[oj oy} Surmp
Aderayy astundo o3
se os )s13ojorydau
Junnsuod oY) PIim
PjepI[eA 2IoMm
sresodoid Teonnao
-ewreyd oy, “Kyor
-xojoaydau renusjod
SJT pUE UOTIEdIPawt
-J[9S 10} payoIeds
pUe §1$9) UONIUNY
[euax 1se] 9y} 03 Sur
-pi0ooe uoneidepe
9SOp PAYLIdA ‘suon
-oeIo)UT 3nIp—3nIp
10§ payoayo ‘o[goid
eo1Sojooewreyd

© POYSI[qRISe pue
syuoned pamara

10Ut 4D YL

syuaned o3 jurod
ored 9[K)s9JI] pue
uonewojur Snip
pap1aoid pue suon
-BN[eAD 9SN UONED

-Ipaul UO Paseq suon

-drrosard o3ueyo 0y
suerd pasodoid ‘eyep
KI03BI0QE] UO Paseq
SUOIIEN[BAD ISN UON
-ed1paw pawiogrod
‘suerorsAyd oy
BIWORUE [BUDI UO
uopeuLIOUI InIp
papraoxd sistoetureyq

SOIUI
K3ojoxydau Juan
-edino ur sao1AIaS
Koewrreyd [eorur|od jo

T 619 syuaned D T

SONIPIGIOWIOd PAJRId
-osse pue Kouonbaiy

1Y) ‘dD pauren e

0L swened 3D L9

uonedronred

oy Jor9)sodorsjue

S[9A9] uIqo[3owry

Jo oouanyur A

POUTWIEXS oM ‘UOT)

-edronred s3s10

-ewreyd oy Jo

79 sywoned OH +8

£q sqaq Anuapr o,

[endsoy Ajis1oAtun €

yoedwr oy ssasse o, Jo sorurd ASojorydaN

o1urp
K3oorydau paseq
readsoy Aysioarun

rendsoy
A1e119) ® JO J1un SISk

gro1 oY) a10[dxe o, -Terpowraey juenjedinQ

(squow G1)
Apmys pafjonuosun
aAnoadsonay

(syiuowr 9)
Apmis poy[on
-uooun aA10adso1g

(sypuow Z1)
Kpmis pafjonuodoun
aAndadsonay

[87] @ouery

(qz102)
‘Te 10 ayore[eg

[12] 9ouery

(ez100)
‘Te 10 ayoreg

[y¢] ueder
(1102) ‘Te 3@ WysmuyQ

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

suon
-UQAIOIUI JSTORWLIBYJ

@as)

ueow ‘(sreak) a3y (ourpaseq 18) N

syuedronreq

wry

Surpes Apms

(uon
-enp) udrsap Apmi§

Anuno)
1eak Apms

(ponunuoo) zsjqey

pringer

Qs



651

International Journal of Clinical Pharmacy (2019) 41:630-666

sjuaned
erwaeprdi[sAp ur
sonrea [ewndo-Teau 0}
PasBAIOIP SIPLIGIAIS
-11) PUE [019)$9[0O
uroyoxdodiy Aysuap
-MO] ‘[0I31SA[0YD
[e10], "syuaned [[e ur
son[eA jo3Ie) payoeax
UnLLIo) WNJAS pue
syuoned orwaeue Ul
PISBAIOUT UOTIBIIUD
-u0d urqojSoweH
A[oAn3oadsar
‘syuonjed a3uel
rewndoeidns pue
rewndoqns ur Hd!
WNJAS UT 9SBaI0dp pue
QSBAIOUT UR Sem I,
syuaned eruworyeyd
-soydiadAy ur pejou
sem [0A9] 9yeydsoyd
WNIOS Ul QUI[OdP Y
sdnoi3
y1oq ur a3uel rewndo
oy} payoral )1 [un
sjuoned eruoeo[ed
-1odAy ur pasearoop
pue sjuened erwoed
-[eoodAy ur pasearour
SeM WNIO[ED) WNIAS

suerorsAyd

3umnearn o) sjnsal

elep AIojeloqe|

0} Surp1oooe uon

-eoyrpow pasodoid

puE suonesIpaw
sjuoned pamarraI 4D

erwaeprdifsAp pue
RIWIQRUR ‘SIOPIOSIP
WSI[0QRIAW AU0q
Surpnpour ‘(qH uo
A1om oym sjuened
ur suonjeordwos K1e
-puod9s Jo Judwose
-UBW 9Y) UO SIDIAIIS
Koewreyd [eorurpd jo
joedwr oY) $SOSSE O,

Tendsoy Suryoeay
B JO 21U Juou

-)ea1) SISA[eIpowoRH

(syyuow 9) [¢T] uery
Apms pajjon (T102) e R
-uooun aA10adsoIg D{epIARY-Nyseq

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

suon
-UQAIOIUI JSTORWLIBYJ

ueow ‘(sreak) a3y (ourpaseq 18) N

wry

Surpes Apms

(uon Anuno)
-enp) udrsap Apmi§ 1eak Apms

(ponunuoo) zsjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

652

poyiodar joN

suon
-uoAI)uI Istoeurreyd
[eorurpo ay) ysnoxy)
pajuoaald a1om 9t/ €
pue ‘paroidur

QIOM GG ‘PIAJOSAI

QoM SJYL 18 JO %L1

s payiodar

pue pagnuapl
‘syuaned oy [osunod
‘sp10da1 syuanjed

POMIIARI ISTORULIEY

‘ueroisAyd Ioy) yim
juounjurodde ot
210§0q Istoewreyd
3y} 995 pue uon
-eoIpaw J19y) Suriq
0} pejsonbazr syuened ©01) €29
JouaIaype
juaned oaoxdwr
0) MIIAIIUI pue
uoneonpa syuaned
‘spunoi prem Jurmnp
PISSNOSIP ATom
SUOTJUSAIIUI pUe
SdYL Peynuap]
iswoewreyd oy, (8'L1) €95
uonouny
[eUaI padnpar ur
uonensuIwpe Snip

10} seurfepms yong

9y 0) SurpI0dooE

s3nIp 1o31e) 10§ 1I9[e

ue papraoid pue
AADR paytodar oy
0} Uone[aI ur uon
-BOIPIW Y} SSASSE
0) WIAISAS 1I9[e Uon

-eorpawr Aoewreyd e

pauodorjoN  posn systoeurreyd oy, (L'9) 18

syuaned @31 0¢1

syuaned (31D 059

sysroewreyd

SININ £q apeur suor)

-uaAIUI Jo sadKy

o4} pue pagnuopt

sd¥d jo eouspeaard
Jy) 2JenyeAd O,

uepiof ur syusned
a1 pasteadsoy
J10J 9OIAIOS IBD
[eonnaoeurreyd jo
joedwr oy 9jenyeAd
pue juowd[dwr o,

QSBISIP TB[NOSEA
-01pIed IO SAJqeIp
yIm s1edk (o, < pase
syuoned jo uonouny
[eua1 oY) UO paseq
W)SAS 11918 uon
-eorpawr Aoewreyd e
Jo djoy y3m sjstoew
-reyd Aq pojernuioy
9o1ape onnaderoy)
U} SSAsSE O,

[endsoy [e1ouas e jo

QI}UQD SISATRIPOWORH]

rendsoy
3uryoea) [eIouds B

Jo prem K3ojorydaN

QIed Y)[eay ATeWIL]

(stpuow )
Apms pajjon
-uooun 2Anvadsoig

[cz] a10de3urg
(€100) uayd

(syuuow ¢)
Apms pajjon [Lg] uepior
-uodun aAndadsold  (€107) T8 1° zny nqQy

(rearoun)
Apmis payjon
-uooun aA10adsoIg

[£€] spuesayloN
(T102) ‘T2 10 129D

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

@as)

ueow ‘(sreak) a3y
suon

(surjaseq 12) N

-UQAIOIUI JSTORWLIBYJ

wry

Surpes Apms

(uon Anuno)
-enp) udrsap Apmi§ 1eak Apms

(ponunuoo) zsjqey

pringer

Qs



653

International Journal of Clinical Pharmacy (2019) 41:630-666

(100°0>d ‘syuoned 1/,
ur 6] “sa syuoned ¢/
ur 46) aseyd uonuoa
-19)ur-a1d oy ur uey)
aseyd uonuaaoyul
-1s0d oy uT 10M9J
Apueoyru3is arom

SJUIAQ I01LI9 WEMwOQ

(8%0°0=d ‘syjuona

8 'SA SJuaA?d g1) dnoi3
uonuaaui-aid ay)
ur uey) Jomaj Apued
-yrugis a1om dnoi3
UOTUAIIUI JY} UL
SJUSAQ INIP ASIGAPE

[e1qororwnue pajoadsng

NDI*WP Ul LIID
Surareoar juenjed
ondes 1ad (80 0=d
‘TI88F 8E66 'SA
SYOTIFE9Y'ED)
dsn Sgse jo ssut
-A®S 1509 0] pue
‘dnoi3 uonuoaIdjuUl
a ur (Lg0'0=4)
sAep ¢'gF 1L 0
SAep ['TTFL°01
woij Aeis D] Jo
13uQ] poonparx

€ 0) PAJe[aI dIoM

sjuousnipe Jursoq

w0y uor
-uaAIuI IstoeuLreyd
paugdisap Afreroads
© UO PIPIOIAI pue
[eQIoA 2IoM SUONJED
~UQWIWOOJT JSTOBW
-reyd ([ ‘owmn Jey)
Je SISINU pUB SUBID
-15Ayd 01 opewr arom
SUOTIEPUSWIIOIIY
"Papaau uaym s3nIp
[eIqOIOTWIUE JO
93esop oy pasnlpe
pue A[rep [3¥0D
SurAreoar syuaned
ondas passasse
sysroewreyd ay)
‘porrad uonuoa

-Iayu1 9y} Suning

paels sem Apms WS 6'LS
) 210J0q Jururen {UONIUSAIUI-ISOJ
Jo yyuow | pajard oLy

-Wwod SISIORWLIRYJ €79 UONUIAINUI-AI]

LAAD (syuoned
€1) UOTIUSAIIUI-ISOJ

(syuomyed 17)
UONUIAINUI-AI] 1]

LD Furaredar
sjuaned ondas jo
QIed U] UT SISIoRW
-reyd 3urajoaur wouiy
J[nsar Aew jey) Iy
-uoq 9y} 9Jen[eAd o,

[endsoy pajerjyye
-ANIsIoATUN ® JO ND]

[eo131ns pue [BIIPIJA

(sypuowr 47)
Apmis payjon
-uooun aA10adsoIg

[8¢] ueder
(€107) Te ¥o Suelf

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

@as)

ueow ‘(sreak) a3y
suon

(surjaseq 12) N

-UQAIOIUI JSTORWLIBYJ

syuedronreq

wry

Surpes Apms

(uon
-enp) udrsap Apmi§

Anuno)
1eak Apms

(ponunuoo) zsjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

654

ONnd
Sursn uroped ooud

ISP UONEBIIPIW
ssasse o, ‘"OVIIN
Sursn oFpajmoury
UOT)BITPAUI SSASSE
0] MITAINUI JUdR]
‘(uanum pue AJ[eq
-I9A) UOIIBINPA pue

syuaned (qH ur
INOTABYQQ 90UAIAYPE
uonesIpaw pue 93p
-[MOUY UOTJEOIPAW
U99M]2q UOTIRIOOSSE
AU} 9JeN[eAD 0 pUE
90UQIoYpE UOT)
-eorpawt Suraoxdur
ur uoneonpa juaned
snonunuod papraoid
dD ® JO 10950
ssasse 03 ‘qQH Surod
-1opun syuaned (31D
Jo o8pa[mour| uon

rendsoy
Ayis1oatun Ayeroadsn

(syyuou )

Apms pajjon [0g] erpur

pajodar joN Sur[esunod juaneq (8T°€1) TS'0S sjuoned (H G§  -BOIPIW QY] SSISSE O, -[NW © JO J1un SISA[eIq -uooun aAndadsorg (€102 'Te 10 TURY
dns
Surddogs 10 unieys
Uo PasIApe pue
SpUnoI pIem 9y} uo
suerdisAyd porued sjuaned asay) 10§
-wodoe sisoewreyd $1S00 paje[a1 pue Jur
eorur) :oseyd -quosaid gn g orerd
UOT)UIAINUI-ISO] -oxddeur asea109p 03
dNS uo s10300p 0} systoeurreyd [eoTUTO
SUOISSAS [EUOIIBONDPD JO 9[01 JY) SSasse
op1aoid pue ‘[050) 01 pue sjuaned
-o1d 40§ doeadp (8:81) (syuanyed 9seasIp Aoupry ut (sypuowt Z1)
‘dD Aq maraax 706G oseyd 1s91-1sod  9¢7) oseyd 1sa1-)sod  Adeioyy uorssarddns spIem Apms pa[jonuodun
1reyo Juaned :aseyd (¢81) (syuanyed p1oe jo ssoudjerid K3ojoydau paseq aanoadsolg [z2] uery
payrodar jJoN UOTIURAINUI-AIJ 7’16 oseyd 1s9)-01g GL¢) aseyd 1s93-a1g -oxdde arenyeas oJ, readsoy Aysioatun /oandadsoney  (€107) ‘Te 10 TABSNOJA]
@as)
ueow ‘(s1eak) 93y (aurpaseq 18) N
paAdIyor suor (uon Anuno)
SQUIOOINO TBOTUT[O UTR]A]  -UQAJSIUT JSIORULIBYJ syuedronreq wry Surpes Apms -enp) udrsap Apmi§ 1eak Apms

(ponunuoo) zsjqey

pringer

Qs



655

International Journal of Clinical Pharmacy (2019) 41:630-666

suerorsAyd

9y 03 Suntodar
SUOTIEPUSWIIODT
pue [DID drewnsd
SI[ UONBIIPIW
MI1ARI ‘sjuaryed
a0 Aynuapr

paytodar JoN 0) SYINH MY

$10J00p 9y} IOf
Sunum ur jnd orom
Juaunsnfpe ue 1oy
SUOTIEPUSWTIOOI
‘dD Aq pamaraal
sem juaned yoed

payrodar JoN JO K103STY TROIPIIN

uerorsAyd

Y} 03 suonedYIpOw

9SOp pue ejep

Surpear 4g soied

-[UNWIWO) ISToRW

(10°0 > d) yuswoIua -reyd oy, ‘Aderoy

suaned @D 9¥1

syuoned (31D 181

1913 sAep (¢ 18 ‘A[oAT)
-oadsar ‘SH ww (¢
pue SH ww (9 Jo 44
OT[0ISBIP pUE OI[0ISAS
93e1oA® Ur suonoNpax
jueoyrusis A[reonsnels

aatsuayredAynue jo
£9ed1j)0 oY) SSasse 0}
paudisap Surrojruoux
dd 21u0109[0 swoy
:3urssedwooud

WA)SAS YI[BAYS[QL

sumaned X1, 99

DD
Pale[NoEd D)) UO
paseq Ajorerrdordde
Pasop M @D
yia sjuaned o)
paquiosaid suoned
-IpaW [[B JBY) 2INSUD
pue ‘@D Wim
sjuoned ur sgyv
/STHOV pue utndse
JO 9sn 9y aseaIoul
‘worqoid [esrpawr
Se (3D jJo uonesyn
-UQPI 9} 9SBAIOUI O,
[endsoy ojur
panIuIpe dIe oym
JAD Pim syuoned
ur sSnup 2say) Jo
jusunsnipe asop
3uTuIooU0d Suon
-UQAIUI [BINNAD
-ewreyd Jo sonsLIo)
-O®IRYD AU} SSISSE O,

wesdoxd INLIA
‘paseq-isroewrreyd
‘aIed QATIRIOQR[[0D
B BIA SUONBOIPAUI O}
douaraype saoxdur
pue juowa3e3us
juared ouryUD 0}
pue sjuardroar juerd
-suen [eual ur 4g jo
JuawoSeurU ) 10J
sypnsax Areurwrjoxd
pue yoeoidde
WASAS [)[eaY[2)

B $9qLIOSIP O,

WISAS

yj[eay JIwopeoe
‘ofews & YIm pojeId
-0sse QWOH [edIPIAN
panua)- Juaned

‘Sumas a1ed Arewtig

endsoy Ajisroarun
[exouas € Jo juowr
-jredap AouaSrow

pue spiem [eyrdsoy

rendsoy ueqan a8re[

® Jo orurpd juerdsueiy,

(sqpuow Z)
Aprus pajonuooun [Lzl vsn
aAn0adsonay #107) 'Te 19 soureg

(sqpuow Q) [92] uredg
Aps payron (¥100)
-uooun 9Andedsolqy  ‘[e 3 ugIn(-[eqerry

(soom p)
Aprus pajjon [1v] vSn
-uooun 9Andadsold  ($107) B 10 10310qy

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

suon
-UQAIOIUI JSTORWLIBYJ

ueow ‘(sreak) a3y (ourpaseq 18) N

wry

Surpes Apms

(uon Anuno)
-enp) udrsap Apmi§ 1eak Apms

(ponunuoo) zsjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

656

payrodar joN

(1L£0=1
‘100°0=d) uonoduny
[eua1 SurjeIoLIR)op
PIm sgyd Jo lequnu
Sursearour ue yIm
‘Sd¥ Jo Iaqunu 9y}
pue Y40 swuaned oy
U99M}0q UONE[ALI0D
JUBOYIUSIS B SeM 919 ],

pajrodar JoN

dOom
0} pasodoid sem

uonEedYIpoW [BNU)0d

PAIEIIPUIBIIUOD
Sem JO uorouny
[euar o3 paydepe
9q 03 pey 3nip Ay
Ioy1oym AJLIoA pue
uondrosaid yoes
JOJ ULIOJ OTUO0IIO9[
ue payy Isroeurreyd
Ayunwwod Ay,

uerdrsAyd ay)

)M PISSNOSIP oIom

pagnuspt sdyd

‘uoT}OUNJ [RUAI

0} parear s

AJ1Sseo 03 uawrgal

Snip sjuaned oy
PaMaIAdI D YL

dO £q sqaq esoy
QA0S 0) dpeur
Suonepuauod.1

PU® ‘paynuapt sdyd

do £quon
-BOYIpPOW B 0 ped|
18y} sdD Aq suonep
-UQUWIWIODAT JO SUOT)
-1odoxd oy 9jenyeAd
o7, (7) ‘yusuwredur
[eua1 woij 3urreyns
J0 J0J YSLI Je syuaned
ur (gY@ swerqord
paje[a1 3nap Anuapr
03 sispoewreyd Aju
-nuwwod jo AJiqe
dy) genfead of, (1)
sddd
[ons 10§ SI0}0eJ NSII
9rqissod 9je3nsoaul
pue jusunjredop
QUIDIPAW [RUIAUI UB
ur [y ynm syuaned
Jjo uonendod e ur
S3nIp NSII [BULI JO
9Sn Ay} 2qQLIdSAP OJ,
3D Yim sjusp
-1SQI U SUOTJRIIPIW
paIes[o A[[eual jo
Surquiosaid ojerid
-oxddeur jo ju9yxe
QU) QUIULIDNAP O],
SANIIOR] T8
pa3e Jo sjuopIsax
ur sysioewreyd Aq
Jpew suonepudW
-WO0JI puE Pay
-[uapt sdJd Jo
QInjeu pue IaquInu
9} 9Je3NSoAUI O,

1'SL syuoned @D LLI

(Ton L'8L siuaned (31D 6L

(8'8) 678 siened 3D L8

So10

-ewreyd Kyrunwwo))

endsoy Terouad
® Jo juounyredop

QUIDIPAW [BUINU]

SONI[I0B] 18D Ay

(squour £)
Apmis pajon
-uooun dAn0adso1g

(squow 9)
Apms pajjon
-uooun 2Anvadsoig

(sypuowr 7T)
Apnjs pa[jonuosun
aAndadsonay

[91] ooue1g
(S102) T8 19 1e1mog

[¢] AemioN
(S10T) 'Te 10 wjoH

[61] erensny

(r100)
‘e 19 e[emasyn

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

suon
-UQAIOIUI JSTORWLIBYJ

ueow ‘(sreak) a3y

@as)
(surpaseq je) N

syuedronreq wry

Surpes Apms

(uon
-enp) udrsap Apmi§

Anuno)
1eak Apms

(ponunuoo) zsjqey

pringer

Qs



657

International Journal of Clinical Pharmacy (2019) 41:630-666

SPI0JAI [BOIPAW pUB
S)IBYO UONEDIPIW
Sened Jo juowr
-$S9SSE PUB SISINU
IIM UOISSNOSIP
‘moraroyur Juaryed
30011p YY) Yy3noay
payodarioN sd¥d Jo uonesynuapy

wed) Koewreyd
Yy £q payonpuod
UOTIRI[IOUOD3I UOT)
-BOIpoW pue jrun
SISATeIp 0} uorn
-eoIpaul J1ay) Suriq
poyrodarjoN 03 paysonbar syuaned

Ppassasse sem
UONUAAIIUI [BUOT)
-eonpa juaned 10)je
pue 210J9q ureped
QouaIdYpYy ‘sjuened
oy} 01 papraoid arom
a3en3ue] [euorax

ur 9)ou SISATeIp uo
UOTRULIOJUT UANLIM
pue sjopes] uon
-BULIOJUI PAJULIJ
‘popraoid sem
(SUOISS3s ¢ 1e103)
S)99Mm ¢ UI 99UO

a0 Y sjuoned
ur (sqyq) sworqoxd Tendsoy Suryoes)
paje[a1-3nap 9re Jolew v ur NHDJ ue
AN @D SOT  -n[eAd pue Amuopr of, pue spIem [eSIpoj\
pardoooe arom IopIA
-o1d s ,Juaned ay3 03
weo) Koewreyd oy}
£q apew suonepudw
-woda1 Jun[nsal
U} J1 SUIULIAJOP PUB
SMOTAQI UOTJEOIPAW
pareniur-)soeurreyd
Sunnp sjuaned

(spuout ¢) [1€] erssuopug
Apms pajon (9102)
-uodun aA10adsoIg ‘Te 19 neruRpRURY

SISAeIp AQ paouo
-11adxa SQYIN pue
sarouedarosip uon (syyuowr /1) [ov] vSn
-eorpaw Jo od£) pue Apms payjon (9100)

AN AH 06 1U9IX2 2y} AJNUSpI O, SIunN SISATRIP [eUOISoY
uonendod Apms o
Juowre 9ouIAYpPE
ay) Suraoxdur
SPIEMO) SUOTIUA
-19)ut s Jsroewreyd

JO 1092 U} $SISSB O,
dH uo
sjuoned aIn[rej [euar
Aq (suoneosyipouwt
91418 oy ‘stsk[etp
asn uornedIpaw)
SoNI[eEpOW JUSUIIRAT)
SNOLIEA 0} QOURIAYpPE
JO 92139p pue uon
-doorad juenjed

-uodun ®>ﬁooﬁ~mo.~& 9J004 pue eIidLied

(spuour 9) [6¥] erpur

Tendsoy Suryoed) Apnjs pafjon (§102) Te 10

paytodar joN SuI[esunod juened (€€ L9 syjuoned QH 8§ U} AreN[eAd O], ® Jo Jtun sisA[e1q -uooun 9An0adso1g OBIEIRMSIBYUIA
@as)
ueow ‘(sreak) a3y (ourpaseq 18) N
paAaIyor suor (uon Anuno)
SQUIOOINO TEOTUT[O UTRJA]  -UQAISIUT JSIORULIBYJ syuedronreq wry Surpes Apms -enp) udrsap Apmi§ 1eak Apms

(ponunuoo) zsjqey

pringer

a's



International Journal of Clinical Pharmacy (2019) 41:630-666

658

payrodar joN

pa1iodar joN

payrodar jJoN

P[00 SEM UOTY
-BULIOJUT YORqPIJ
pue uerdrsAyd jo
drey oup yim pue
ue[d Juowegeuew
1odoid e Sursn 1no
PALLIED SEM O[]
uonewojur juoned
pue ispewreyd £q

Surp[esunod jusned

SdIIN

Amuapr 03 syuaned
9[QqI31]e J10J uowWIZax
UONEDIPAW [oBd
pasA[eue pue sp10521
[eoIpoW OTUOIII[D
POMOIARI JUIPISAT

Koewrreyd oy, YOI ‘€9 95e ueIpo|y

Suryres
-unoo pue uoNeINpd

Jusned sddd
y10dax pue Aynuapy

- syuoned (31D €91

(1-6t)
sjuoned qH €8

SOSSQU[T [eUSX

o ym

sjuaned Jo yiresy
9} UO 1099 1918013
QABY YOIYM SUOT)
-UQAIUI QATIOYS
1500 snotrea Aq
QOULIOYPE OUBYUD
pue a1reuuornsonb
Sursn syuoened

Jo Inoraeyeq
QouULIaype Uon

-eoIpawt 9jenfead o], ASojorydou juonedinp

sjuaned SIsATerp
-owdRy Ul SW[qoId
PAIB[OY UONBOIPIN
oy pue Aoewreyd
-A10d jo douoreaard

QU QUIULIAP O, -[erpowdey juanedinQ

sreardsoy A1enio)
UBLIOTIN 29I}
ur 21ed5 SUIATed2I
sjuaned [euar Suowe
suonuaAIaUl 41
JO sowo2Ino 2y}
SSasse pue ‘Sq.I.( JO
sad£) oyy AJnuapr
‘sd 1 Jo douareaard
Q) QUTULISIAP O,

juounyredap

rendsoy
AIenia) e Jo Jiun SIsA

sreydsoy
Arenia) 91 Jo

syun A3ojorydoN

(sypuow Z7)
Kpmis [euonuoA
-I9)ut 9Andadsold

(stpuous ¢)
Apnjs pa[jonuosun
aA0adsonay

(squour ¢)
Apmis payjon
-uooun aA10adsoIg

[09] erpur
(8102)
‘e 10 JeyyeseIpuey)

[66] e1qe1y 1pneg
(8100
‘Te 19 TURIWRYS[Y

[2¥] erdSIN
(LTOT) Te ¥ 2qIpy

paAaIyor
SOWIOJINO [EOTUT[O UTRIA!

suon
-UQAIOIUI JSTORWLIBYJ

9$°L) vETL i suened /87

@as
ueow ‘(sreak) a3y (ourpaseq 18) N
syuedronreq

wry

Surpes Apms

(uon
-enp) udrsap Apmi§

Anuno)
1eak Apms

(ponunuoo) zsjqey

pringer

Qs



659

International Journal of Clinical Pharmacy (2019) 41:630-666

uonejue[dsuen x ‘swaqoid pajerar Aderoyl sgy J

‘stxe[Aydoid 10010 ssams 77§ ‘yusunredwr [eual gy ‘pariodar jou YN ‘JuowaSeuew Aderoy) uoneorpaw I ‘Swo[qold paje[or UONEBIIPIW SJYJA “9OTAIdS JUSWISEULRI UOTJEIIPAW SN ‘oIreu
-uonsonb JUAWISSASSE 9FPI[MOUY UOTIBIIPIIN OVY N ‘93uer anaenbiojur y7 ‘Quowioy proiAyjered 10vIUI F 7 J1 )TUN 918D JAISUSIUL )] ‘IIUN AIBD [BONILID JAISUNUI )) )] ‘SISA[eIpowrary JH
‘urqojSowory pAJR[AS02A[3 27 yqy ‘1ouonnoeld [e1ousd go ‘arel uonen[y Jenidwols y./0 ‘Unod pooiq [Ny Dg. ‘SPI0I [BIIPAUW JIUOIIIR YN DIel UoNenN[y Je[NIWO[S PIeWNSd Y102
‘swarqoxd pojerar Snip sgy @ ‘Adeidyy juowaoe[dal [eusl SnONUNRUOY) YY) ‘dIN[IEJ [BUAI OTUOIYD Jy) ‘Istoewreyd [edtur[d go ‘oseasip Aoupry omoIyd (7Y ‘INeD-1J0IoN00) H)) ‘doULIed[d
umuneard jH4) ‘amssaxd poojq gg ‘aireuuornsenb uonedsipow Jorg Jug ‘s1o00[q 103doda1 UISuU)OITUR SFY Y ‘ONel SUIUNBAID:UIWNG[R YDV ‘SI0NQIYUI QWAZUS FUNISAUOD UISUOISUER 17DV

AADS paaoxdwr
s syuaned
Suowre paonpar
Apueoyrugis orom
ST'VQH pue “1d1
‘pIo. SLIN JOJ SAN[BA
K[aAT30adsar
‘Teok/ u ¢/ /ur
/TU 96" 0—01
9§’ G — WOIJ AIed
Kreurpdrostpynu
I9)Je pue 910Joq
u20m19q panodur

systoewreyd pue
SuenIIAIp ‘J03eONpd
SOJAqRIp ‘sasInU “ISI3
-o[03eqeIp ‘sysrSojor
-ydou jo wea) v Aq
papiaoid sem ared

@O pm
PRJRIDOSSE UOTIOUNY
[eUa1 SUTUISIOM JUIA
-a1d djoy prnoo areo
Kreurjdrosipnnu

(rearoun)

Apms pafjonuodun [19] ueder

Apueoyrudis Y JD2 oy Areurydrosipninu oy, So1)€TL syuoned @D g “OUIRUA QUILLISRP OF, rendsoy oAnoadsonay  (8107) ‘Te 10 eInwew]
@as)
ueow ‘(sreak) a3y (ourpaseq 18) N
paAaIyor suor (uon Anuno)
SQUIOOINO TEOTUT[O UTRJA]  -UQAISIUT JSIORULIBYJ syuedronreq wry Surpes Apms -enp) udrsap Apmi§ 1eak Apms

(ponunuoo) zsjqey

pringer

a's



660

International Journal of Clinical Pharmacy (2019) 41:630-666

and ten non-randomised. According to Thomson Reuters
Journal Citation Report at the time of publication the median
impact factor of the journals of articles included was 1.348
(IQR 0.52-2.01), n=45, two journals did not have an impact
factor at the time of publication.

Patient mean age was 46.7-84.9 years, with five stud-
ies failing to report age [23, 29, 31, 46, 60]. Of the total of
11,122 patients from all studies, 9151 were at various stages
of chronic kidney disease not on dialysis, 1036 were haemo-
dialysis (HD) dependent, 533 receiving other forms of renal
replacement therapies such as continuous renal replacement
therapy (CRRT) or continuous veno-venous hemofiltration
(CVVH), and 402 were transplant patients.

Outcomes were reported in 37 papers, with 25 of these
(67.6%) also reporting details of the processes of care,
and four (10.8%) reporting structures, processes and out-
comes. Outcomes reported were: clinical only (17, 45.9%),
economic with linked clinical (5, 13.5%), humanistic with
linked clinical (4, 10.8%), humanistic only (2, 5.4%) and
economic only (2, 5.4%). The 10 remaining papers did not
report outcomes measures with one (2.1%) that reported
structure and process indicators only and 9 (19.1%) reported
process indicators only.

Resources for care provision: structures

Structures were poorly reported in all studies, with only two
giving some details of multidisciplinary team involvement
[52, 61], while, none on the pharmacist skill mix or time
allocation. The only aspect of structures reported relating to
training which was given in five studies. In one, pharmacists
and pharmacy residents were engaged in a two-week training
of literature review and patient assessments [35]. A com-
munity pharmacist based study described a workshop cov-
ering clinical presentations of CKD, managing drug-related
problems and discussing patient cases [48]. Similar training
was described for community pharmacists, [18] and hospital
clinical pharmacists [16], to enable them to identify patients
with renal insufficiency and perform dose adjustments. A
four session course to all members of the multidisciplinary
team prior to the study was described in one article [61].

Characteristics of clinical pharmacy practice:
processes

All studies provided some description of the processes
undertaken by the pharmacists, although the detail pro-
vided varied considerably and was generally lacking. The
majority of processes (often labelled as interventions)
included medication chart review to identify any drug-
related problems (DRPs) [15-31]. Many studies reported
pharmacists’ interventions in: modifying drug doses and
recommending new pharmacotherapy; [16, 19, 21-23,

@ Springer

25-27, 29, 30, 32-40, 52, 59]; interacting with a member
of the multidisciplinary team; [15-17, 19-21, 23-25, 27,
31, 32, 34-38, 40-43] requesting and monitoring labo-
ratory parameters; [15, 23, 25, 27, 33, 34, 36, 37, 43]
assessing appropriateness of medications prescribed for
hospitalised patients at each point of care; [17, 22, 29,
30, 35-38, 40, 57]. Fewer studies described pharmacist
processes at out-patient, pharmacist-led clinics relating
to the management of specific CKD complications, such
as anaemia; [34, 39, 44] hypertension and diabetes; [54]
managing hypertension through telemedicine; [41] opti-
mising dyslipidaemia management; [37, 45] improving
haemoglobin Alc levels (HbAlc); [43] and emphasising
smoking cessation. [37, 43] Development of protocols and
compiling and updating guidelines were also described in
two studies [22, 34]. Performing medication reconciliation
[46]; providing patient medication counselling, education
on disease status or medication, conducting motivational
interviews to improve adherence were also reported [15,
25, 27, 29, 30, 34, 36, 37, 42, 43, 47-50, 55, 57, 58, 60].
A number of studies reported pharmacists’ participation in
ward rounds [17, 22, 35, 37, 38, 40], providing educational
sessions to healthcare professionals [22, 34] and perform-
ing activities such as medication use evaluations [34].
There were no reports of pharmacist prescribing activi-
ties; one study described the process of deprescribing to
optimise medication use [59].

Fewer studies provided any data on time spent on specific
activities. Interaction time between pharmacist and patients
were reported in two studies, varying from 15 to 30 min [43,
50] and the timeframe in which the services were provided
ranged from daily [35-38, 40] to every three months [47].

Across all studies, the pharmacists identified 5302 drug-
related problems in 2933 patients. Pharmacists made 3160
recommendations to healthcare professionals with an accept-
ance rate varying from 33.3% in a community setting; [16]
46.43% in a dialysis unit; [59] to around 95% in hospital
settings [17, 24, 42, 51, 52, 57]. Only three studies reported
the clinical significance of recommendations. Of these 26%
were of moderate to [29], 48.8% of major clinical signifi-
cance [51] and 47% serious severity [20].

A pharmacist-based quality improvement programme
consisting of pharmacists’ interactions with the patients and
electronic collaboration with the physicians was associated
with a significant improvement in the measurement of PTH
during the study period [15]. Pharmacists’ interventions led
to medication therapy modifications [16-21, 24-29, 31, 33,
37, 42, 46] and resolving medication record discrepancies
[46, 57]. Patients’ compliance with ongoing blood pressure
(BP) monitoring post kidney transplantation was signifi-
cantly improved with pharmacists’ input [41]. Counselling
by pharmacists significantly improved medication adherence
in patients with CKD [47, 50, 60].
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Clinical outcomes

The final column of Tables 1 and 2 titled ‘Main outcomes
achieved’ provides a detailed summary of main results and
statistical significance values related to each of the studies
summarised below. Clinical outcomes only were reported
in (n=17) studies. A pharmacist-based quality improve-
ment programme in a pragmatic randomised controlled
study reported that patients in the intervention arm were
prescribed more classes of antihypertensive medications
than those in the control arm [15]. In a 6-month cluster
randomised trial, pharmacists attending a structured train-
ing and communication-network programme (ProFil) and
managing hypertension in CKD patients demonstrated
larger reduction in systolic blood pressure (BP) of the
intervention group compared to the usual care group [48].

Intervention in the management of BP in CKD and hae-
modialysis resulted in achieving target BP in the inter-
vention versus the control group [32, 54, 55], significant
reductions in mean systolic and diastolic BP in a group of
kidney transplant recipients [41], and significant reduc-
tion in systolic and diastolic BP in diabetic nephropathy
[43]. Only one article showed that pharmacists’ interven-
tion in an intensive care unit (ICU) setting reduced the
length of ICU stay [38]. Another study reported reduc-
tion in the length of stay in the intervention group by
1.3 days (p < 0.001) and reduced unplanned admission by
27% (p=0.047) [52]. One further study showed no dif-
ference of pharmacists’ intervention compared to usual
care on hospital readmission outcomes [57]. Pharmacists
were also involved in the monitoring of kidney function
in patients with CKD and demonstrated significant differ-
ences in measuring CrCl between discharge and admission
[36]. However, one study demonstrated no difference in
the mean serum creatinine or estimated glomerular fil-
tration rate (¢eGFR) between the intervention and control
groups [58]. A retrospective controlled study reported
improvement in eGFR, uric acid, cholesterol and HbAlc in
the intervention group compared to the control group after
multidisciplinary care, however, pharmacists’ contribution
to the care was not clearly reported [61].

Four studies gave outcomes of pharmacists managing
anaemia in CKD patients [34, 39, 44, 55], with significant
haemoglobin values within target range in pharmacist-led
clinic. Time to achieve target haemoglobin was 28 days in
the pharmacist-managed group compared with 41 days in
the usual care group [44]. While the proportion of patients
achieving target haemoglobin was not significant, pharma-
cist intervention significantly improved haemoglobin and
iron monitoring by improving compliance to therapy [44].
Pharmacist counselling significantly improved haemoglobin
levels in one study [34], with haemoglobin concentration
and Transferrin saturation (TSAT%) increasing significantly

and serum ferritin reaching target values in a prospective
uncontrolled study [23].

An uncontrolled study of the impact of on managing sec-
ondary complications of haemodialysis patients resulted in
significantly increased median serum calcium in those with
hypocalcaemia and decreased values in hypercalcaemia,
a decline in serum phosphate in patients with hyperphos-
phataemia, and an increase and decrease in serum iPTH in
patients with sub-optimal and supra-optimal levels respec-
tively [23].

Pharmacists’ interventions in a pragmatic, cluster ran-
domised study improved screening of proteinuria between
an interventions compared to control group [45]. A non-
randomised controlled study of pharmacist involvement in
a monitoring program for CKD reported significant differ-
ences in CrCl between discharge and admission in both the
control and intervention groups [36].

Humanistic outcomes

In a cluster, randomised study health related quality of life
(HRQoL) improved significantly compared to control in a
group of haemodialysis patients receiving pharmacist inter-
vention over a 6-month period [30]. In a non-randomised
controlled study, HRQoL domains were not significantly
impacted by the additional pharmacist care in kidney trans-
plants [47]. A multicentre RCT reported significant improve-
ment in HRQoL scores in the intervention group compared
to control [53].

Patient satisfaction reported in two randomised controlled
studies: 92% of patients had positive feelings about pharma-
cists’ involvement in their care and felt that the pharmacist
provided beneficial information [15] and 43% of patients
were ‘very satisfied’ with the care received and were willing
to receive future care from the pharmacist [45]. A cross-
sectional prospective study demonstrated that patients were
greatly satisfied with the intervention [58].

Economic outcomes

Only seven studies reported economic outcomes resulting
from pharmacist input [22, 35, 38—40, 44, 56]. One study
reported that pharmacists in the ICU could contribute to
significant cost savings in septic patients, with antimicro-
bial prescribing efficiencies accounted for 34.7% of total
savings [38]. In a study investigating an ICU pharmacist
dosing adjustment programme, the mean ICU hospitalisation
costs per patient decreased significantly with total savings of
2669.5 USD per patient [40]. Jiang et al. demonstrated that
pharmacist dosing adjustment resulted in drug cost savings
per patient of 2345.98 USD with antibiotics accounting for
64.5% of all cost savings. The presence of an ICU phar-
macist resulted in 2346 USD savings per patient receiving
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continuous renal replacement therapy [35]. Debenito et al.
reported that the mean weekly dose of erythropoiesis-stimu-
lating agents (ESAs) was significantly less in the pharmacist-
managed group than the usual care group and the annualised
ESA cost per patient reduced by 1288 USD [44], whereas,
Aspinall et al. reported lower average dose of darbepoetin in
the pharmacist-managed ESA clinic compared to the usual
care [39]. Mousavi et al. showed that the cost per patient
for inappropriate stress ulcer prophylaxis administration
in patients with insufficient renal function was reduced by
pharmacists’ intervention [22]. A multicentre RCT reported
that pharmaceutical care costed more per quality adjusted
life year (QALY) gained compared to usual care [56].

Discussion

There are a number of important key findings that have
arisen from this review and these are outlined below. Forty-
seven new studies have been published in the intervening
8 year period since a previous similar review [7]. Ten of
these are of a ‘gold standard’ RCT design and the quality
of the controlled studies included is generally poor. Struc-
tures and processes were very poorly reported and none of
the studies included consideration of pharmacist prescrib-
ing—which is considered in several countries, where it has
been implemented, to be a significant advance in pharmacy
practice. The process indicators in the original review [7]
and this review were very similar but this review identified
papers with clear shift from only identifying drug-related
problems to more involvement of the pharmacist in medica-
tion therapy management. Most of the studies in this review
continue to focus on and report details of DRPs as an indi-
cator of the process of pharmacy practice. Some of these
considered the clinical significance of these DRPs but this
was not universal. Less focus on clinical, humanistic and
economic outcomes was observed in majority of the papers
in both reviews.

Many of the uncontrolled studies had a variety of quality
deficiencies including; lack of comprehensive explanation
of the pharmacists’ intervention, under-reporting of adverse
events and insufficient information to allow reproduc-
tion of the study for interested readers. Few studies lacked
some important information leading to poor scoring of the
study, such as lack of clarity in stating the study aim, [35]
the number of participants, the population from where the
sample was drawn, duration of the data collection or the
study period, frequency of follow-up, and some studies were
unable to clearly state the distribution of the confounders in
both groups [15, 22, 30, 35, 39, 45].

The majority of the 20 controlled studies were of ‘fair’
quality with the exception of four that were considered
‘weak’ [22, 55, 56, 58]. High quality RCTs with low levels
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of bias generate the highest level of evidence [62]. However,
the availability of quality evidence in this area is limited
with only 5 RCTs were included in this review and 4 in a
previous review by Salgado et al. [7]. The RCTs in both
reviews lacked sufficient information on the randomisation
process, in addition to poor detail on any blinding process
of the care-giver and the care-receiver (however, it might be
a challenge to blind in some study designs) so jeopardising
the quality of these studies [63]. It is therefore evident that
there has been a limited amount of high quality research
published for the benefits of clinical pharmacy practice in
CKD. There is particularly a paucity of evidence from RCTs
offering a robust evidence base for practice. Despite this
criticism there is a growing body of information in relation
to some aspects of clinical pharmacy practice that offers
some insights to the developing quality of services provided
making real and significant differences to the outcomes of
patients. This, however, needs to be verified through even
more robust RCTs that are better resourced, designed and
executed.

The gathering of more gold standard evidence such as
RCTs is essential to enable measuring the impact of clinical
pharmacists’ intervention in patients with CKD compared
to standard care. Furthermore, there is an identified need to
carry out studies with explicit details and accurate defini-
tions including the setting, the participants, the randomisa-
tion process and the interventions of interest.

It is of paramount importance that detailed descriptions
of the interventions, in terms of structures and processes
and outcomes, are included in publications to allow them
to be reproduced and for readers to consider the studies
within the context of their own practice [64]. Most papers
lacked sufficient details of the clinical pharmacy practices so
making it difficult to fully understand the activity. Without
full insight to practice it is difficult to fully understand the
context and characteristics of practice and so reproduce the
structures and processes in wider settings. This is not just
a deficiency of studies in CKD since a study by Schroter
et al. to assess the replicability of published clinical inter-
ventions, in a variety of clinical settings, reported that 57%
of the studies had insufficient description of the interven-
tion of interest to make it replicable [65]. A tool produced
by Correr et al. to address the lack of intervention descrip-
tions in clinical pharmacy research (Descriptive Elements of
Pharmacist Intervention Characterization Tool) DEPICT is
a validated instrument for accurately describing the details
of pharmacist interventions performed as part of clinical
pharmacy practice [66]. This tool could be used as a guid-
ance to structurally describe the intervention of interest in
pharmacy practice research.

Additionally it should be noted that in CKD there are
no studies that have specifically investigated prescrib-
ing as part of clinical pharmacy practice and there are no
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full description of structure, processes and outcomes as
they relate to prescribing practice. A systematic review
by Tesfaye et al. published in 2017 of the prevalence of
inappropriate prescribing and the impact of pharmacists’
interventions reported significant reduction in inappro-
priate prescribing when physicians received immediate
concurrent feedback from a clinical pharmacist [67]. The
review showed minimal involvement of the pharmacist
in the role of prescribing for patients with CKD. Despite
the increased recognition of prescribing models such as
independent, supplementary or collaborative [6], there
was limited published evidence to lead to the best practice
model for prescribing.

There is also a need to stimulate more of a research cul-
ture within clinical pharmacy practice. A paper by Peter-
son et al. reported that lack of time, lack of opportunities,
lack of training and never being asked to participate in a
research were major barriers for pharmacists’ engagement
in research [68]. A systematic review by Awaisu et al. con-
cluded that pharmacists are aware of the value of research
to enable them advance pharmacy practice and indicate
their willingness to be involved in independent research
and in practice-based research networks. However, lack
of time, training and support were the main barriers [69].

A strength for this review is that the protocol was peer
reviewed and registered with PROSPERO. The protocol
was devised in accordance with PRISMA-P (Preferred
Reporting Items for Systematic review and Meta-Analysis
Protocols) standards [9] and the systematic review was
conducted and reported in accordance with PRISMA (Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis) standards [10]. In terms of limitations, publi-
cation bias could potentially affect the selecting process
of the articles, since no study was identified to show the
negative impact of clinical pharmacy services in caring for
patients with CKD. One further limitation is the exclusion
of papers in languages other than English potentially lead-
ing to the omission of relevant papers.

In conducting RCTs, it has been recognised that it is
vital to be careful in the selection and recording of out-
comes to build up a coherent dataset [70-73]. Moreover,
consistency in the use of outcomes will aid future users
of the services and those involved in resource alloca-
tion, planning and implementation of clinical pharmacy
services [72]. It is evident from this review that where
RCTs were conducted, there was no consistency in the
selection and reporting of outcomes. These issues could
be addressed with the development and application of
agreed standardised sets of outcomes [73]. Research on
core outcome set definitions for clinical pharmacy prac-
tice is ongoing in many areas such as polypharmacy [74]
but this appears to be lacking in CKD, which could be a
potential area of work in the future.

Conclusion

There is some evidence for the outcomes of pharmacists’
intervention in patients with CKD but this is generally of
low quality and insufficient volume. The controlled studies
in this systematic review showed that pharmacist inter-
ventions improved patients’ clinical outcomes such as Hb
levels, CrCl, PTH and calcium levels. However, these stud-
ies lacked detail on reporting of the humanistic outcomes
and there remains a paucity of evidence demonstrating
economic impact of pharmacists’ interventions.

There is some evidence since the last review that shows
positive contributions of pharmacists’ involvement in the
multidisciplinary team to provide care to patients with
CKD. This includes evidence on the structure, processes
of care and the outcomes of pharmacists’ intervention in
patients with CKD. More high-quality research in this area
is warranted.
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