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Abstract

Background: Kidney transplantation is the best treatment option for patients with end-stage renal disease. While patient-
level factors affecting survival are established, the presence of variation in the management of transplant recipients remains
unknown.

Objective: The objective of this study was to examine center variation in kidney transplantation and identify center and
provider characteristics that may be associated with clinical outcomes.

Design: This is a systematic review.

Data sources: Ovid Medline, Embase, and Cochrane library from inception to June 2016 were used.

Study eligibility: Any study examining the association between center or provider characteristics and graft or patient
survival, quality of life, or functional status were included.

Results: We identified 6327 records and 24 studies met eligibility. Most studies used data registries. Characteristics evaluated
include center volume (n = 17), provider volume (n = 2), provider experience (n = |), center type (n = 2), and location of
follow-up (n = I). Outcomes assessed included graft survival (n = 24) and patient survival (n = 9). Significant center variation
was described in 12 of 15 and 5 of 7 studies for graft and patient survival. There was a significant and positive association
between center volume and graft and patient survival in 8 and 2 studies, respectively. Provider experience and volume
were significantly associated with less allograft loss and provider volume with lower risk of death. There was no association
between graft survival and location of follow-up or center type.

Limitations: There was substantial heterogeneity in the variables assessed and methodology used to analyze associations.

Conclusion: This systematic review found center variation in kidney transplantation. Future studies in the current era are
necessary to better evaluate this important topic.

Abrégé

Contexte: La transplantation constitue la meilleure option de traitement pour les patients atteints d’insuffisance rénale
terminale. Alors que les facteurs relatifs au patient et susceptibles d’affecter sa survie sont bien établis, nous ignorons s’il
existe des variations dans la maniére dont sont pris en charge les receveurs d’une greffe.

Objectifs de I’étude: Nous voulions observer les différences entre les centres de greffe rénale et cibler les caractéristiques
propres a un établissement ou a un fournisseur de soins qui seraient susceptibles d’influencer les résultats cliniques des
patients.

Type d’étude: |l s’agit d’'une revue systématique.

Sources: Nous avons consulté des études répertoriées dans les bases de données suivantes : Ovid Medline, Embase et la
bibliothéque Cochrane, depuis leur création jusqu’en juin 2016.

Admissibilité a I’étude: Ont été retenues toutes les études portant sur une association entre les caractéristiques du
centre de greffe rénale ou du fournisseur de soins et la survie du greffon ou du patient, la qualité de vie du patient ou son
état fonctionnel.

Résultats: La plupart des études répertoriées avaient utilisé des registres de données. Des 6 327 registres consultés, seuls
24 satisfaisaient les critéres d’admissibilité de I'étude. Parmi les caractéristiques évaluées, on compte le volume de patients
de I'établissement (n = 17), le volume de patients suivis par le fournisseur de soins (n = 2), I’expérience du fournisseur
de soins (n = 1), le type d’établissement (n = 2) et le site du suivi (n = |). La survie du greffon (n = 24) et la survie du
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patient (n = 9) constituaient les résultats cliniques évalués. On a affirmé une variation significative entre centres de greffe
dans 12 de |5 études quant a la survie du greffon, et dans 5 de 7 études quant a la survie du patient. On a observé une
corrélation positive significative entre le volume de patients de I'établissement et la survie du greffon (8 études) et celle du
patient (2 études). L’expérience du fournisseur de soins, tout comme le volume de patients pris en charge, a été associée
significativement a un taux réduit de perte du greffon. Qui plus est, le volume de patients traités par le fournisseur de soins
a aussi été associé a un risque de mortalité amoindri. Par contre, nous n’avons pu établir de corrélation entre le site du suivi
ou le type d’établissement et la probabilité de survie du greffon.

Limites de I’étude: On a noté une forte hétérogénéité dans les études consultées en ce qui concerne les variables évaluées
et la méthodologie utilisée pour établir les corrélations.

Conclusion: Notre revue systématique a permis de constater une grande variabilité entre établissements en regard de
la transplantation rénale. Des études ultérieures, basées sur des données plus récentes, seraient nécessaires pour une

évaluation plus précise de cet enjeu substantiel.
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What was known before

Prior earlier studies have described center variation in graft
and patient survival rates post kidney transplantation.
However, it has yet to be established which center and pro-
vider factors may contribute to this variation.

What this adds

This review highlights the heterogeneity of studies published
on center variation and provides a comprehensive summary
on center and provider factors that have been examined in
association with center variation. The literature suggests
there is center variation in graft survival rates; however, it
remains unclear which center and provider factors contribute
to this.

Introduction

Kidney transplantation is the optimal treatment for end-stage
renal disease (ESRD) as it is associated with increased sur-
vival, improved quality of life, and reduced cost compared
with chronic dialysis." With improved immunosuppression
regimens, l-year graft and patient survival rates are now
greater than 90%.? Despite these improvements, medium-
and long-term graft survival remains unchanged, with 20%

suffering from transplant failure within the first 5 years® and
up to 50% by 10 years.*

Traditional recipient and donor risk factors for graft and
patient survival have been established and include such
variables as recipient age, race, gender, body mass index,
time on dialysis, medical comorbidities, etc.>® While these
patient-level factors, among others, have been associated
with graft and patient survival, they do not fully explain dif-
ferences in survival across transplant centers. The “center
effect,” defined as the variability in graft outcomes at differ-
ent centers that cannot be accounted for by case mix or
chance alone,”® was first described by Opelz in 1975.° Since
then, several studies have attempted to better understand
this phenomenon.*'"* A study by Zenios et al'* reported
that 29% of graft failures and 33% of deaths could be attrib-
uted to differences across centers. That is, if every center
included in their study matched the top center for outcomes,
33% of deaths and 29% of graft losses would be avoided
over the 3 years. However, reasons for the observed differ-
ences were not determined.*

Specific center-level factors that could potentially affect
transplant outcomes include surgical volume at the center,
type of transplant center (pediatric compared with adult), type
and number of providers caring for patients in-hospital, model
of care at the center (shared care compared with individual
provider-level care), location, and frequency of follow-up
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visits after transplantation. The provider-level factors which
could potentially affect outcomes include years of experience,
provider specialty (eg, general surgeon compared to urolo-
gist), country of medical school graduation, location of prac-
tice (eg, urban or rural), and caseload. These center- and
provider-level factors may differ further depending on the type
of patient population, pediatric compared with the adult popu-
lation. Neither center- nor provider-level factors have been
analyzed in a systematic fashion to determine to what extent
they explain center variation in important clinical outcomes.
The purpose of this systematic review is to describe the mag-
nitude of center variation in kidney transplantation and to
identify and summarize center- and provider-level variables
associated with patient-important outcomes (allograft and
patient survival, quality of life and functional status) following
kidney transplantation in randomized and observational stud-
ies. We hypothesized center variation would not be explained
by case mix alone.

Methods
Search Strategy

This study was conducted and prepared using the Meta-
analysis of Observational Studies in Epidemiology statement. "
We conducted systematic electronic searches using Ovid
Medline (1946 to 2016 June), Embase (1947 to 2016 June),
and Cochrane Central (2016 January) databases without lan-
guage restriction. The search strategy was designed and
implemented by an information specialist. Full details are in
Appendix A. Bibliographies from recent reviews and pub-
lished studies were searched as well. A protocol for this
review has not been registered.

Study Selection

An initial screen of identified titles and abstracts was per-
formed by 2 investigators (A.B., N.F.) and clearly irrelevant
records removed at this stage. Full-text versions of poten-
tially eligible studies were obtained and independently
screened by 2 of 3 investigators (A.T., A.B., N.F.) to deter-
mine their eligibility based on the selection criteria. Any dis-
agreements during the screening process were resolved
through discussion among the authors in accordance with the
selection criteria. We included studies that met the following
criteria: (1) randomized controlled trial, prospective nonran-
domized interventional study, prospective or retrospective
cohort or case control study involving kidney transplant
recipients (all ages) with a time to event outcome; (2) com-
pared any type of center or provider differences post kidney
transplantation; (3) reported either graft survival, patient sur-
vival, quality of life, or functional status. We excluded (1)
articles not available in English; (2) studies that lacked more
than one comparison group; (3) animal studies; (4) abstracts
without a full-text publication; (5) case reports, reviews,

commentaries, and unpublished studies; (6) cross sectional
studies or other studies that lacked follow-up post transplan-
tation. Reason for study exclusion was noted.

Data Abstraction

Data were abstracted independently by 2 of 3 investigators
(A.T., A.B., N.F.) using a standardized data abstraction form.
Any disagreements were resolved by discussion or a third
reviewer. Reviewers were not blinded to the authors or jour-
nal articles. Our primary outcomes were allograft failure and
patient death. Allograft failure was defined as a permanent
return to dialysis, retransplantation, or death. Patient death
was defined as death at any time post transplant. Secondary
outcomes included quality of life and functional status. We
collected information on the following characteristics: pri-
mary author, publication year, country, number of centers,
number of participants, study design, data registry, calendar
years the transplants were conducted, length of follow-up,
inclusion/exclusion criteria for selecting participants, method
of analysis, and outcome assessed. Data collected on the
exposure(s) included type of exposure (eg, center volume,
provider experience), how the exposure was measured (cat-
egorical, continuous), statistical modeling used, and methods
and variables considered if adjusted for case mix. When data
were only available in figures, the GNU Image Manipulation
Program (GIMP 2.8; http://www.gimp.org/) was used to
extract data. Contact with authors was not made as half (n =
12) of the articles were published prior to the year 2000, 10
of which were registry based further complicating the ability
to obtain missing information. Abstracted studies which did
not have an appropriate exposure (eg, socioeconomic status)
or included only a subgroup of transplant recipients (eg,
recipients with only a certain diagnosis) were excluded from
the review.

Risk of Bias Assessment

Study quality was independently assessed by 2 of 3 investiga-
tors (A.T., A.B., N.F.) who were not blinded. All studies were
assessed using a modified version of the Newcastle-Ottawa
Scale'®" (see Appendix B for scale applied). We considered
>20% missing in follow-up to have high risk of bias.'®

Data Analysis

Survival rates, unadjusted or adjusted for case mix, were
described at variable time points post transplant using tables
and a figure. Outcome data adjusted for case mix was sum-
marized based on the analytical method used in the study,
which included odds ratios, hazard ratios, and risk ratios. We
were unable to pool the data as studies were too heteroge-
neous in both exposures, approaches to analysis and type of
reported effect size. We were unable to use any statistical
indices to quantify heterogeneity in the study.
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Records identified through database
Medline (n=2944)
Embase (n=5020)
Cochrane (n=131)

Duplicates (n=1768)

Records screened after

duplicates removed —

(n=6327)

Full-text articles

Records excluded:
(n=6091)

Irrelevant exposure: n=89
Ineligible study design: n=43

assessed for eligibility
(n=236)

3 additional records identified
from bibliographies and updated
search

A,

Full-text included
(n=24)

i No comparator: n=37
Ineligible outcome: n=35
Non-English: n=11

| }

l

Graft survival (n=24)
Patient survival (n=9)

Quiality of life (n=0)

Functional status (n=0)

Figure |. Flow diagram demonstrating electronic search results.

Results

Study Selection

The electronic search revealed 6327 independent records.
After exclusions, we reviewed the full-text version of 236
citations and 215 were excluded (Figure 1). We found addi-
tional references from reviewing bibliographies of included
articles. Twenty-four independent studies met all eligibility
criteria.

Description of Included Studies

The characteristics of each study are presented in Table 1.
Studies were published between 1975 and 2014. Most of
the studies (n = 23) were retrospective observational stud-
ies with the exception of one prospective observational
study.” Twelve studies originated from the United
States,”'*?** 6 from Europe,'®'***3? 2 from Taiwan,’**
1 each from Canada,’® North America,” Australia,'' and
South Africa.’® Eight studies included adult patients (=18

years),®7 101120303235 8 stydies included patients of all
ages,' 221242327293 4 2 studies were restricted to pediat-
ric patients (<21 years).”>* Six studies did not report the
selected age range included.”'??%*1333¢ A1l 24 studies
assessed graft survival as an outcome; however, only 1
study censored for death,*® 13 included death in their graft
survival outcome®!?1%19-2125:2729.3234 while the rest of the
studies did not specify. Nine studies also assessed patient
survival. The mean (SD) of the number of centers assessed
was 99 (98), ranging from 1 to 258. One study did not
report the number of centers included.”® We did not iden-
tify any studies assessing center differences associated
with quality of life or functional status.

Risk of Bias

The quality of the included studies is presented in Table 2.
There was a range in the quality of the studies, with most
having some risk of bias or were unclear due to insufficient
reporting. Just over half of the studies had high risk of bias
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Table 2. Risk of Bias and Methodological Quality Assessment of Observational Studies.

Study Representativeness

Comparability

Outcome assessment % loss to follow-up

+
+
?

Weng**
Medcalf*
Tsao®
Elinder'®
Gijertson'
Kim®
Axelrod® +

Doxiadis®' -

+ 4+ + + +

I
~ + 4+ o+ o+ -

Briganti'' +

Gijertson”' -

Gjertson? -
Pontin® -
Schurman® + -
Terasaki* ! ?
Morris®? -
Gjertson® -
Hunsicker® ?
Gijertson?’ -
Evans® -
Ogura’ -
Terasaki® -
Sanfillipo? - +
Taylor'’ - -
Opelz’ + -

~ 4+ + o+

I+ + 1+ +

+

+ + + +
N N N N N + o

+ +
~ +

| I I |
|

+ +
-~ 4

+

+ 4+ + 1
~ o~ v~~~

“_» wpn

Note. “+” indicates low risk of bias; “~” indicates high risk of bias;

with regard to the representativeness of the study cohort as
they only included a specific subset of the transplant popula-
tion, for example, living donor only. The greatest source of
bias in the included studies related to the differing method-
ologies and the diverse analytical approaches used within
individual studies to assess for center variation. For example,
10 studies”*'-#24263133:3537 §id not appropriately adjust for
differences in patient case mix across centers that may have
confounded the estimates of center effect. With regard to
follow-up, the vast majority of studies were not clear in their
reporting or had high risk of bias as they either did not report
the percentage that was missing in follow-up or more than
20% of their study population missing by study end.

Center variation

Graft survival. Fifteen studies assessed the extent of cen-
ter variation in graft survival (Table 3). All of these stud-
ies with the exception of 2" adjusted for patient case mix,
11 adjusted for calendar year or era, &'0-1221:22:2627:3032 414 |
study adjusted for center volume.® Nine studies provided the
spread in 1-year graft survival across centers (Figure 2) while
only 2 studies provided the spread across centers in 3- and
5-year graft survival. Twelve studies®’'>!%2!:2225-27.30.32.33
reported significant variation across centers in graft survival
(2 of these studies did not adjust for case mix), and 3 studies
found no significant variation across centers.'"'"*’ Five stud-

indicates unclear.

ies used fixed-effects Cox proportional modeling of which 3
studies®'*** provided hazard ratios for graft failure/survival,
1 study provided relative risk for graft failure,”” and 1 study
did not describe their findings.” Five studies used random-
effects Poisson regression modeling and described center
variation using intraclass correlation coefficients,'>?"**3
Two studies used random-effects logistic regression model-
ing, both reporting survival rates.''*® The remaining 3 stud-
ies used actuarial life tables and the log-rank method.”'***

The variation in graft survival between centers in some
studies was quite small, while in others it was substantial.
For example, in Briganti et al,' the 1-year graft survival
ranged between 89.2% and 92.2% across 16 different sites,
while in Gjertson et al,”’ the 1-year graft survival ranged
between 62% and 100% at 223 different sites, despite adjust-
ment for case mix in both of these studies. We stratified stud-
ies warranting further analysis by using the risk of bias tool.
When including only those studies with the lowest risk of
bias (defined as “3 or more +”), 6 out of the 24 studies
remained, all of which were published after 2000.'%-1220-30-34
Of the 4 studies which assessed center variation and graft
survival rates, 2'>*° found statistically significant variation
while the others did not.'*"!

Patient survival. Seven studies reported on center varia-
. . . . 10.11 . .
tion in patient survival®'®'""1%2%3%33 (Taple 3). Five studies



(panunuoo)

uonouny
3yea8 pakejop ‘ad.eydsip 1e s3np sdueuLIURW
‘Adeaaya uononpul ‘Yarewsiw yH

‘smeas AWD uejdsuey jo aeak auejdsued |

‘a8e ‘@ ‘xas ‘diysuone|a. :iouoq
sapueusda.d uejdsueansad ‘smeas
Supjdom ‘suoisnjsue.s Juejdsueaiauad ‘yyd

%G°9T s4edk § >ead ‘sisA[elp uo swn juejdsue.anaud ‘oseasip

Suijppow uoissa.gau 100T
%G°/G deak | [euiSlio ‘93e ‘959qo ‘9ded ‘xas ‘Yeu3ad Jualdidey UOSSIOg $309jj0-WOpuRy 0€81C peT |uoswialo
(S¥6-€06 ‘1D
%S6) %TT6 01 (8'167€8
1D %56) %T 68 ek potied
| [opOW s1d9ye-Wopuey JEpUS|ED ‘YIIBWISIW \H ‘OWIl BIWSYISI P|Od Suijapow uoissa.gau
(5°66-778 ‘1D ‘yreap jo asned ‘924nos ued.o ‘xas ‘ade iiouoq onsi30] [ediydJedaly pue
%56) %16 03 (681 9SBASIP JBJNDSEA IO S913qRIp Suiapow uoissa.ga.
‘12 %S6) 1778 ek | Jo 2duasaud ‘yyd dead ‘sisAjeip uo awn p-ezey [euontodoud xo) 7007
[9pow s159)y9-paxiy ‘aseasIp Asupp| Asewiad ‘9ded ‘xas ‘93e juaididay 9|qelIeAR|NW $109)49-paXiy 986 | 9] |, puedlg
S |BAIAINS J0U INq poltad swn juejdsueny
PUE SWN|OA J33UaD 0} paisnipe soned pJezeH
(sjopow aaeaedas %p8-%6G SIek § *A1p1gJowod ‘sisA[elp S9AJIND [BAIAINS pUY
00) 1] © |50 %68-%0/ SJedk ¢ uo awn ‘poliad Jepusjed ‘osessip [eua. pJezey [euontodoud $00T
1S191UDD SSO.UdE a3ury ‘%€6-%18 ek | Ausewiad ‘924nos Jouop ‘sdel xas ‘ade Jusididay X0D) $329)9-paxi4 7805 0C SWI
Suljopow uoissa.gdau
UOSSIOg $193)j9-Wopuey
Jeaf Jepus|ed jue|dsue.ay pue S9AIND 500C
%66-%TL ek | %0| Jeak | ‘X3S PUE 9JBJ JOUOP ‘X3S pue 3. Jualdiday [eAIAINS Jsia|-ue|dey)| 90¥ 1¥1 9T 2 uosIRlo
‘uonejue|dsue.y
Jo pouiad awn ‘seaqelp || J4o | adh jo
v =d [97°1-85°0] §8°0 souasaud 9si) 3unrem uo swn ‘9dA1 Jouop
9I'=d [eI'1-zp0l €20 ‘sisAjelp uo awn ‘aseasip Asupn| Asewnd pJezey [euon.todoud 600C
1240yod paulsy ‘uonejue|dsue. 1s.1) e a3e ‘Jopuas Jusididay X07) $129}J9-paxI] 9567 € o 1ePUIT
+0 =d (660 °15°0) 1£°0 oyod
0" =d (660 ‘6¥°0) L0 Jeak auejdsue.y ‘yorewsiw d1auss ‘xas ‘ofe
20" =d (£6°0 ‘S¥°0) S9°0 ‘ad£1 Jouop ‘sisAJelp uo awn ‘qyYS3 jo asned pJezey [euontodoud 110T
T =d(SI'1 ‘95°0) 80 se sa39qelp ‘dnous o1uyle ‘xas ‘e8e jusididay X0D) $329)9-paxi4 059C S oeIE2PAN

(s423udd ssouoe
93ueJ) 2Jn|Iey/[eAIAING

(1D %56) WdrdH

(su9asnp> usamiag
uoneLeA %) DD|

10} paisn(pe sa|qelieA

971s 109)3

pasn ASojopoyialy

syuaned pue
SJ93Udd JO JaquinN

[BAIAINS 2RI

Jeak
Joyane Apmg

"[BAIAING JUBNEBJ PUE JBJD) Ul UONEBLIBA JIUDD) PISSISSY YDIYAA SIIpPMIS °€ d|qel



(panunuos)

S0 =d
“%L'98-%0L s1eak T
%1°L8-% 8L ek |

%E£60%09 ek |

%9°97 sdedk T
%y Sy ek |
%1°8C ‘syuow ¢

%96-%€9 ek | pa11odau 10N

%8'G| ek |<
%691 ‘9661
%€ LT 10661
%¥CE 6861

ek |

%T'ST
ek | /saedk g

%10°G Jeaf |

awn elWaYds! pjod
‘saydrRWISIW \H ‘Vid 359Y31y ‘suoisnjsueny
uejdsueazaud Jo Jaquinu ‘Jaquinu yeuo

paisnipy 30N
ug|dsueny
Jo Jeak ‘apis 1y311 Jo o] ‘9o 93k ‘X3S ouoq
‘aseasip [euIdLIO ‘yyd 3s9Ydy ‘smeis yijeay
‘suoisnjsue.y Jolid jo Jequinu ‘siuejdsue.y
Jouid jo Jaquinu ‘||g ‘@8 ‘@t ‘xas jualdiday
ue|dsue.y jo s1ep auaididad Jo aded ‘usididad
Jo a8e 92.nos Jouop ‘aquinu Juejdsue. |
Uy2ewWsso.d aAnisod
Auejpipue ‘saydrewsiw yH ‘Aujignedwod Oogy
‘snmeas AlWD ‘ue|dsuen) jo Jeak ;uejdsued |
yaeap Jouop
Jo asned ‘uonisodsip uesJo ‘aw elwLYydsI
WLIBM QW BIWSYIS| P|Od ‘UoneAlasa.d
dwnd ‘eoeu ‘xas ‘@3e ‘diysuoneja. Jouoq
‘Vdd dead ‘suoisnysuey Juejdsuetaad
‘sapueudaud juejdsueaiaud ‘smels [edipaw
jue|dsueazaud ‘aseasip [euiSlio ‘suedsue.n
Jouid jo Jaquinu ‘||Ig ‘@deu ‘xas ‘@3e jualdiday
poriad swn ‘Yaewsiw yH
‘own Suniem ‘93urydoxe Asupn| ‘oseasip Asupp|
Asewrud ‘dnoud poojq ‘xas ‘age :uaididay
Aauppj Jo apis
‘yaesp Jo asned ‘dnoud poojq ‘xas ‘e8e ouoq
J93usd dLneipad jo adA |
Jeaf Jepusjed
‘aAIssaiddnsounwiw asueuajurew ‘Adessyy
uonRdNpUI ‘Yorewssoud dAnisod Auejjpue
‘YorrWSIW Y-V TH ‘YaIewsiw gy-yH ‘swn
BILUBYDS| PO ‘YIBSP JOUOP JO 9SNEd ‘sniels
AWD “4opuag ‘a8e ‘@3e ‘diysuone|pu :uouoq
wue|dsue.anaud sisAjeIp uo awn “yyd dedd
‘uoisnysue.y Juejdsue.naud jo Jsquinu ‘esessip
Jeuiiio ‘snmeas [edipaw juejdsueanaud ‘||ig
‘9o ‘Jopuasd ‘ade ‘uedsueny Jolud uaididey

»|ues-50| 8861

pUE poyIsw [elen1dy $001 L cgPlEseR |
1661

poysw eliemdy 56061 8l ftl-le)
Suljopow uoissa.dau 2661

UOSSIOg S199)y0-Wopuey §796¢ W uoselD
uolssa.3au €661

onsi30| s109)y9-Wopuey N AN G PISUnH

Buljapow uoissau3au 9661
UOSSIOd $13)§9-WOpury 1/98¢€8 e uoswiRlo
pJezey |euon.todoud 6661

X0 $393§3-paxi4 €9€9 X4 2eSHHON
yoeoudde sakeg |esrdwy
sa3ed [eAIAINs paindu) 100T
SAAIND JaIa | -ue|dey)| w8 ol uosHRID

(1D %56) WdrdH

(s423udd ssouoe
93ueJ) 2Jn|Iey/[eAIAING

(s49asnp> usamiag
uoneLeA %) DD|

EZANERE)IE]

10} paisn(pe sa|qelieA

syuaned pue
SJ93UDD JO JBqUINpN|

pasn ASojopoyiajy [EAIAINS JBID)

Jeak
Joyane Apmg

(panunuod) '¢ sjqe



"91IS 9D2US.I9J9. B 01 9ANERY,
"panJodau 10U = YN Xapul ssew Apoq = [|g

{SNJIAO[ESBWOIAD = ALD ‘UaBnue 214003 n3| uewny = \yH ‘Apognue aAndead [pued = \yd ‘9seasIp [euaJ 93e3s-pua = (YST DISH SANEDJ = Yy ‘ONed pJezey = YH 2USId190d UONE[DIIO0D SSERRAUI = DD)| DI0N

¥00" =d
899°1 3 T¥'0
1SJ91UD SSO.DE d5URY

¥8'1 93 ¥1'0
1SJ91USD $50.DE a3urYy

1000 > d

(£8°1 ‘6T 1SS’
€0 =4 (81 ‘T60)E1']
“tOLOU Um:ﬂmi
L1000 > d IV
(e€T6¥'1) S8°1
(€9795°1) 0T
(95T 751 96'1
(82T L9NEIT

(1D %S6) YY/dH

850 =d ‘9%l ©2 790
1S493UDD SsoUdE aSury

%86-%(8 S48k T
%86"%8 ek |

b =d
‘%1 L6%T 68 Ik T
%1'86-%F'T6 ek |

%001-%C 16 ek |

%6T6-%6 0L S48k §
%1°567%1"18 1sIeak ¢
%L 16-%6°68 ek |

%88-%8 s1eak §
% 6-%W8 s1eak ¢

%56%T6 e |
340y0D pauley

(s423u9d sso.de a8ued)
24nN|1g}/|BAIAING

%T8-%08 :S1eak T
%T8-%bS ek |

(s4o3snp
usaMIag

uoneleA %) DD

palioday 10N
ue|dsueay Jord

‘xas ‘@deJ Jualdidad ‘uoisnjsue.) Juejdsue.naad
‘uonouny e pakejap ‘Yarewsiw yH

paisnipe 10N

paisnipe 10N
S31BJ [BAIAINS J0U

INQ SWN|OA J91USD 0} paisnipe soned pJaezeH

Apigaowod ‘sisA[elp

uo awp ‘poriad Jepusjed ‘@seasip ASuppy
Aaewiad ‘934nos Jouop ‘aded ‘xas ‘93e juaididay

uonejuedsue.y

Jo poliad awn ‘sazaqelp || 4o | adA jo

9ouasaud 4si| Bunrem uo awn ‘0dAy douop

‘sisAjelp uo awn ‘aseasip Aaupn| Arewnud
‘uoneaue|dsue.y 5.1y e o3e ‘Jopuad Jusididey

1J0yod

Jeak auejdsue.y ‘yorewsiw dnauss ‘xas ‘ofe
‘2dA1 uouop ‘sisA[elp uo swn ‘QyYs3 Jo asned
se sa39qelp ‘dnous o1uyls ‘xas ‘e8e usididay

paiiodau 10N

swn|oA juejdsue.) ‘quejdsue.y jo Jeak
‘AIANISUSS YDIBWISSOUD ‘UoneAIRsaUd Jo Yadud|
‘uoneAsasaud uesio Jo poysw ‘@ded Jouop
‘sisjelp uo awn ‘dnoug poojq ‘A>ueudaud jo
Au03s1y ‘Awoldsua|ds juaididau ‘@24nos Jouop
‘sa1aqelp juspuadap ulnsul ‘Awoldaaydsu
|eJd3e)1q Jue|dsueaiaud ‘yyd ‘uejdsueay 3sod
juswiea.n a14oydwA|nue quejdsuen Joud
xas ‘@2ed Jualdidad ‘uolsnysue.d Juejdsue.iaad
‘uonsuny ye.s pakejap ‘Yorewsiw yH

§861
poylaw ues-3o7 66¢€ 8 o HOlAeL
|opow uoissa.gdau
X0D) 53094j3-paxy 9861
pue 3|qe1 3yl [erren1dy I18€ [44 oddiyues
3593 >juel 8861
-80| pue poylaw [elIeNDY $001 / eePlesed |
00t
paiiodau 10N 986 |, puedlg
SOAJND [BAIAINS pUY
pJezey [euontodoud $00T
X0D) $309)§9-paxiy 805 0t S
SOAJND [BAIAINS
pue puezey [euonJodo.ad 600C
X0D) $309)§9-paxiy 956¢ € ooPUl3
SOAJND [BAIAINS
pue p.ezey [euon.iodoud 110T
X0D) $309)§9-paxiy 059¢ S oel®PPeN
[eAIAINS
uaned
9861
poyiaw ue-307 66€ 8 Mv_._o_xm._.
|opow uoissa.J3au
X0D) $329)43-paxy 9861
pue 3|qe3 3ji| [erendy 118€ [44 oddyues

(1D %56) WdrdH

(s423uU9d ssouoe
93ueJ) 2Jn|Iey/[BAIAING

(su2asnp> usamiag
uoneLeA %) DDI

971s 109)3

Joj paisnlpe sa|qeliep

syuaned pue
SJ93U93 JO JaquInN

pasn ASojopoyialy [BAIAINS JRUD)

Jeak
Joyane Apmg

(penunuod) ‘g a|qe L

10



Tsampalieros et al

—a—Gjertson 2005* n=246

- Kim 2004*% n=20
—a— Briganti 2002° n=16

Gjertson 2001* n=144

—8— Hunsicker 1993* Not reported

—a—Gjertson 1992* n=223

50 60 70 0

- —@—Ogura 1991 n=113
—a—Terasaki 1988 n=7

b Taylor 1985 n=8

%0 100 GraftSurvival %

Figure 2. The range in |-year graft survival rates across centers (n) reported by each study. Studies are organized by year they were
conducted as well as whether they adjusted for case mix. The * symbol implies the study adjusted the rate for case mix and the # symbol

implies the study adjusted the rates for center volume.

—8— Medcalf 2011* n=5

et Elinder 2009* n=3

. —o— Kim 2004*# n=20
Briganti 2002* n=16

P b Terasaki 1988 n=7

P —o— Taylor 1385 n=8

80 85 90

Patient Survival %
95 100

Figure 3. The range in |-year patient survival rates across centers (n) reported by each study. Studies are organized by year they were
conducted as well as whether they adjusted for case mix. The * symbol implies the study adjusted the rate for case mix and the $ symbol

implies the study adjusted the rates for center volume.

adjusted for case mix,*'*'"***° 4 adjusted for time era,*'*'"*’

and 1 study adjusted for center volume.°® Six studies provided
the spread in 1-year patient survival across centers (Figure
3) while 3 studies provided the spread across centers in 3-
and S-year graft survival. Four studies used fixed-effects
modeling®'****° to test for variation with 2 studies reporting
hazard ratios,**° 1 reporting mortality rates,' and 1 reporting
relative risk.”’ Briganti et al'' used random-effects logistic
regression modeling. The remaining 2 studies used actuar-
ial life tables and log-rank tests of survival rates'***. Five
studies found statistically significant variation in patient sur-
vival across centers,'*'*#**° | study reported no significant
Varia‘[ion,3 3andin 1 study, their conclusions were not clear.!!
Again, between-center differences was highly variable
across studies. For example, Elinder et al'® reported 1-year

patient survival that varied only minimally from 97.9% to
98.6% across 3 centers, while Kim et al® reported a range
from 89.9% to 97.7% across 20 centers. When considering
only those studies with the lowest level of bias,'*'"*" of the 3
studies which assessed center variation and patient survival
rates, 2'%* of 3 found statistically significant variation while
the other was inconclusive."

Effect of volume on clinical outcomes

Graft survival. Seventeen studies examined the relationship
between center volume and graft survival/graft loss (Table 4);
11 studies categorized volume data,®"!!20-21:23-2426.28.3435 4 (30
sented volume as a continuous measure,g’lz’zz’27 and 2 studies
described a volume relationship without providing any sup-
porting numbers.”*? We were unable to present pooled results
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Table 4. Studies Which Assessed Center Volume in Association With Graft and Patient Survival.

Number of
centers and Patient volume  Time point Average
Study patients Patient volume definition categories reported survival rate Effect measure
Graft survival
Weng* 35 1779 Categorical® <95 vs >95 | year NR OR: ®3.17, 95% ClI:
(reference) 10 years NR 1.85-5.46
<95 vs >95 Log-rank P <.0001
(reference)
Tsao™ 29 1060 Categorical <72 vs >72 | year 85.8 vs 89.5 Log-rank P = .132
Volume is over study <72 vs >72 2 years 74.6 vs 81 Log-rank P = .036
period <72 vs >72 3 years 73.3 vs 80.5 Log-rank P = .019
Gjertson'> 246 14406  Continuous N/A NR N/A NR
Volume is over study
period
Kim® 20 5082 Categorical 0-199 NR NR HR: 1.28, 95% Cl:
Volume is over study 200-399 I.12-1.47
period >400 HR: 1.07, 95% Cl:
(reference) 0.94-1.22
HR: 1.0 (reference)
Axelrod® 258 60778  Categorical 1-45, | year 90.4 OR:°1.22, 95% ClI:
Volume is per year 46-75, 90.1 1.01-1.48
76-124, 90.3 OR: 1.22, 95% ClI:
125-278 91.4 1.01-1.48
(reference) OR: 1.21, 95% Cl:
0.99-1.49
OR: 1.0 (reference)
Chi-square,
P=.0014
Briganti'' 16 1986  Categorical 1-99, NR NR NR
Volume is over study 100-199, NR
period 200 NR
Gijertson”' 234 21830  Categorical® <100, NR NR NR
101-400, NR
>400 NR
Gijertson? 144 8422  Continuous N/A NR Data not Log-rank P < .0001
Volume is over the study extractable
period from figure
Schurman® 104 4715  Categorical <50 ®3 months 88.4 (0.9) NR
Volume is over study 51-100 5 years 90.2 (0.7)
period >100 90.4 (0.8)
<50 65.5 (1.8)
51-100 69.4 (1.5)
>100 68.4 (1.6)
Terasaki” 254 120262  Categorical® >1000 NR NR NR
other
Morris*? 23 6363  Not reported NR NR NR NR
Hunsicker®®  NR NR Categorical <25 | year NR OR:°l1.0
Volume is over study 25-50, NR OR: 1.1
period 51-80, NR OR: I.I P<.05
81-150 NR OR: 1.0 (reference)
(reference) NR OR: 1.0
>150
Gjertson” 223 35625  Continuous N/A NR N/A NR
Volume is over the study
period
Evans®® 145 9853  Categorical <35 NR NR NR

Volume is per year

(continued)
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Table 4. (continued)

Number of
centers and Patient volume  Time point Average
Study patients Patient volume definition categories reported survival rate Effect measure
Ogura’ 118 19095  Categorical 50-100, NR NR NR
Volume is over study 100-150,
period >|50
Sanfilippo® 4 3811  Continuous N/A NR N/A NR
Average transplant
number per center per
year
Opelz9 179 4547 Continuous
Volume is over study
period
Number of
centers and Volume Average
Study patients Volume definition categories Time point survival rate Effect measure
Patient
survival
Tsao® 29 1060 Categorical <72 vs >72 | year 91.2 vs 96.3 Log-rank P =.002
Volume is over study <72 vs >72 2 years 87.1 vs 94.1 Log-rank P = .001
period <72 vs >72 3 years 85.4 vs 93.5 Log-rank P =.002
Kim® 20 5082 Categorical 0-199 NR HR: 1.33, 95% Cl:
Volume is over study 200-399 I.1-1.61
period >400 HR: 0.96, 95% ClI:
(reference) 0.79-1.16
HR: 1.0 (reference)
Evans®® 145 9853 Volume is over the study NR NR NR NR
period
Sanfilippo®’ 4 3811  Continuous N/A NR N/A NR

Average transplant
number per center per
year

Note. HR = hazard ratio; OR = odds ratio; Cl = confidence interval; NR = not reported; N/A = not applicable.

*Study does not report time period of volume.
®Adjusted analyses.
“Reports standard error.

due to heterogeneity in number of categories and thresholds
described, methodology used, and reporting of outcomes. For
example, some studies reported a binary outcome while others
used time to event outcomes. Overall, 8 studies documented
improved graft survival with higher center volume;***232%3%3
however, 1 study did not provide effect measures, P values, or
confidence intervals.”’ Gjertson et al** and Schurman et al*
were the only 2 studies which included pediatric patients
exclusively. In both studies, there was a significant association
between center volume and 5-year graft survival rates. Five
studies did not observe an association between volume and
graft survival/failure,”***>* and 4 studies were inconclu-
sive and did not give any estimates with regard to the nature
of the relationship (direction or significance).'"'****” When
including only low risk of bias studies which assessed volume

and graft survival, 2 studies reported a positive and signifi-
cant association with graft survival**** while the other 2 were
inconclusive.'"'?

Patient survival. Four studies examined the relationship
between center volume and patient survival®***-*; 2 cat-
egorized volume data,*** 1 treated volume as a continuous
variable,” and 1 study described the relationship between
volume and patient survival without providing any data.*®
Two of the 4 studies reported a significant association®*> and
2 studies did not observe an association between volume and
patient survival ***

Provider volume. Two of the above included studies also
examined the association between provider volume and graft
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survival. Weng et al’* found that graft failure (including
death) within 1 year was 3.1 times greater (95% confidence
interval, 1.80-5.33) for lower volume surgeons (<33), defined
as total patient volume over the study period, compared with
higher volume surgeons. And 10-year survival rates were
significantly lower in the lower volume physician groups (P
<.001). Evans et al*® examined average surgeon volume and
observed no significant association with graft survival (P =
.69). However, they did show that high surgeon volume
(>500 procedures) was associated with a significant reduc-
tion in patient death (odds ratio: 0.79; P =.016).

Additional factors assessed. Additional factors assessed in
association with transplant outcomes included provider
experience,” type of center defined as for-profit or teaching
hospitals in 1 study”® and defined by percentage of pediatric
cases performed in the other,” location of posttransplanta-
tion follow-up after being discharged from one transplant
center’® and crossmatch policy (ie, use of historical com-
pared with only using current era)’' (see Supplementary
Table 1).

Discussion

Our systematic review synthesized data from 24 studies to
assess the magnitude of variation and impact of center char-
acteristics in kidney transplant patient outcomes. Of the vari-
ables investigated, center volume was most commonly
studied with inconsistent results. Overall, the data were
inconclusive and challenging to analyze as studies used dif-
ferent methodology and did not always report the statistical
significance of their findings. However, most of the studies
reported variation among centers in graft survival rates and
just over half described center variation in patient survival
rates. None of the studies investigated quality of life or func-
tional status.

To our knowledge, this is the first systematic review to
assess the presence of center variation in kidney transplanta-
tion. Understanding differences in transplant center perfor-
mance and improving quality of care has become a priority in
the United States with program specific reports now widely
available to the public.”®* These reports provide survival
data and compare each center to national standards. They do
not, however, explore which center or provider factors
(including which potentially modifiable factors) may be
responsible for variability across centers. We identified 2
studies that assessed provider experience (using provider vol-
ume and years in practice) in association with graft survival
and patient survival®® and only 1 study that examined location
of follow-up care (center compared with rural), in association
with graft survival.*® This study did not find a significant dif-
ference in outcomes between location of follow-up; however,
the study was retrospective and the sample size was small. We
identified 1 study by Israni et al*’ that characterized the fre-
quency of follow-up visits post transplantation in the United

States. They found that the frequency of visits at various time
intervals post transplantation differed by region as did the
number of visits to the transplant center. Centers with
“medium” volumes were more likely to follow their patients
than centers with lower or greater volumes. This study was
not included in our review as it failed to link follow-up pat-
tern with an outcome; however it does highlight the variation
in patterns of care which may impact on patient outcome.
Future, larger prospective studies comparing frequency and
location of follow-up care post transplant are needed to help
determine if they may improve graft and patient survival as
well as quality of life.

The volume-outcome association has been well studied
and summarized in other surgical areas, especially cardiac
surgery where a definite association between volume and
mortality is clear and defining a volume threshold may be
possible.*"** For example, the review by Pettit et al** sug-
gested that centers conducting less than 10 to 12 heart trans-
plants per year may correspond with higher mortality rates.
Within the field of nephrology, the volume-outcome rela-
tionship was recently reviewed in dialysis.* For peritoneal
dialysis, all included studies showed higher volume facilities
significantly favored technique survival; however, there was
no significant association found for greater volume and
patient survival. There was only 1 study looking at hemodi-
alysis patients which found a positive and significant asso-
ciation between volume and patient survival.

The volume-outcome association has not been studied
for kidney transplant outcomes. In our review, less than half
of the studies assessing center volume and graft survival
found that greater center volume had a higher survival rate.
Two of these studies included only pediatric patients™*’
and both reported a significant association between graft
survival and center volume. These results suggest that the
effects of center volume and other provider-level factors
may differ between adult and pediatric populations. The
remaining studies found no association or were inconclu-
sive in both the direction and significance, although 90%
(8/9) of these studies did not report an effect size or P value.
None of the studies in our review used the same threshold
to define volume categories and 5 studies included volume
as a continuous variable. When we analyzed the 4 studies
with lower risk of bias separately, the findings were similar
with only 50% showing a positive and significant associa-
tion. Overall, it remains unclear whether a volume-outcome
association is present in kidney transplantation. Future
large observational studies using appropriate statistical
methodology adjusting for case mix and assessing trans-
plant volume as a continuous variable are required to assess
this relationship.

Based on our findings, it appears that there is variation in
graft survival rates across centers which is not explained by
patient factors only. One hypothesis is that it may be partially
explained by the calendar year in which the transplants were
conducted as several studies®'*'"***273%32  found a
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significant improvement in graft survival with later calendar
year. Furthermore, the study by Gjertson® reported variation
in l-year graft survival rates attributable to the transplant
center decreased with calendar year. For example, in 1989
intraclass correlation coefficient was 32%, in 1990 it was
27%, and by 1996 it was 17%. The type of statistical model
used may also impact the findings with respect to the pres-
ence of variability across centers. For example, when
Briganti et al'' used multivariate hierarchical modeling com-
pared with unadjusted models and fixed-effects models,
there was no longer a discrepancy in graft survival rates
across centers included. This highlights the importance of
choosing an appropriate statistical model and adjusting for
relevant factors.

Quality of life and functional status are often overlooked
but very important patient outcomes. Health-related quality
of life has been reported as being more important to patients
with ESRD as it may reflect how the patient feels compared
with other measures.* Greater physical health—related qual-
ity of life is associated with decreased mortality and improved
graft survival even after adjusting for clinical variables in
kidney transplant recipients.*** We did not identify any
studies which compared center or provider differences in
association with quality of life or functional status.

Strengths and Limitations

The strengths of our review include its comprehensiveness
and the variety of studies assessed. There was a wide range
of countries represented, and data registries were not only
US based but also included Canada, Europe, South Africa,
and Asia. The studies we included spanned over 4 decades of
time (1975-2014). Of the one-third of studies (8 of 24) that
included patients transplanted during or after the year 2000,
all 8 also included patients transplanted prior to 2000. This
precluded the ability to comment on center variation in the
era of newer immunosuppressive regimens. While this cer-
tainly limited our analysis, it points toward the need for more
updated studies evaluating center effect in patients exclu-
sively transplanted after the year 2000.

Unfortunately, we were unable to pool data across studies
due to significant clinical, methodological, and analytical
heterogeneity. Explanatory variables differed in their defini-
tion across studies and not all studies adjusted for case mix
or adjusted for different patient and recipient factors.
Furthermore, the length of follow-up time and outcome end
points varied across studies, and we were unable to assess
center variation in longer term graft and patient survival
rates. We recognize this to be an additional limitation of our
review. The vast majority of the studies included in our sys-
tematic review relied on registry databases which may not
have contained information on important factors such as
socioeconomic status, medical insurance, or transportation
which have been shown to impact graft survival in kidney
transplantation.*”** Eight of the included studies used the

United Network for Organ Sharing (UNOS) registry and
some of these studies overlapped in their time frame and thus
the same patients may have contributed to more than 1 study.
Last, we were unable to assess for publication bias. It is pos-
sible that by excluding unpublished studies and published
abstracts, we missed additional factors influencing center
variation.

Conclusion

In summary, our systematic review identified center varia-
tion in kidney transplantation in some of the included stud-
ies; however, due to the substantial heterogeneity in the
analytical methodology used and specific center and pro-
vider factors identified, there was no conclusive evidence
that any specific variable, such as center volume, was associ-
ated with outcomes. Our results are important as they dem-
onstrate inconsistencies within studies investigating center
effect and kidney transplant outcomes and the need for future
prospective studies with more detailed clinical information.
Moreover, there is a paucity of literature assessing other
potentially influential center characteristics as well as impor-
tant outcomes such as quality of life. Further research, with
appropriate statistical methodology (hierarchical modeling)
adjusting for all known confounders and longer follow-up
time, is needed to better characterize factors contributing to
center variation in patient-important outcomes such as graft
survival and quality of life.

Appendix A

Database: Ovid MEDLINE(R) In-Process & Other Non-
Indexed Citations and Ovid MEDLINE(R) <1946 to
Present>

Search Strategy: June 16, 2014

Kidney Transplantation/ (78977)

((kidney or renal) adj transplant$).tw. (57786)

1 or 2 (88629)

Comorbidity/ (68258)

“Quality of Health Care™/ (57103)

Health Services Accessibility/ (51009)

exp Socioeconomic Factors/ (339794)

Health Status Indicators/ (19969)

(comorbid$ or community health indicator$).tw.
(69730)

((transplant$ or organ) adjl (cent$ or hospital$)).tw.
(4622)

11 “quality of life”/ (117784)

12 Mental Health/ (21733)

13 Depression/ (76188)

14 Depressive Disorder/ (58287)

15 (cent$ adj2 variation$).tw. (827)

16 Quality Assurance, Health Care/ (48945)

O 0 0 O D W=

—_
S
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17 or/4-16 (822665)
18 3 and 17 (4625) 1 Kidney Transplantation/ (193900)
19 exp Host vs Graft Reaction/ (79644) 2 ((kidney or renal) adj transplant$).tw. (157844)
20 Mortality/ (34276) 3 1or2(228242)
21 mortality.tw. (466895) 4 Comorbidity/ (240728)
22 (graft survival or graft failure or graft loss).tw. 5 “Quality of Health Care”/ (224399)
(23799) 6 Health Services Accessibility/ (179236)
23 exp Renal Insufficiency/ (124554) 7 exp Socioeconomic Factors/ (589638)
24 ((kidney or renal) adj failure).tw. (77752) 8 Health Status Indicators/ (22571)
25 or/19-24 (698857) 9 (comorbid$ or community health indicator$).tw.
26 18 and 25 (2944) (247134)
10 ((transplant$ or organ) adjl (cent$ or hospital$)).tw.
. (15712)
: + . .
]1)6a>tabase Embase ClassictEmbase <1947 to 2014 June 11 “quality of life”/ (461222)
Search Strateay: 12 Mental Health/ (124518)
&y 13 Depression/ (377529)
14 Depressive Disorder/ (135497)
. . . . 15 (cent$ adj2 variation$).tw. (2208)
1 kidney transplantation/ or kidney allograft/ or kidney 16 Quality Assurance, Health Care/ (201833)
graft/ (113325)
. . 17 or/4-16 (2226240)
2 ((kidney or renal) adj transplant$).tw. (78990)
18 3and 17 (15207)
3 1or2(120592) .
L 19 exp Host vs Graft Reaction/ (185921)
4 comorbidity/ (124598) .
. 20 Mortality/ (707720)
5 health care quality/ (183996) .
. 21 mortality.tw. (1368657)
6 health care delivery/ (129044) . .
. . 22 (graft survival or graft failure or graft loss).tw.
7 exp socioeconomics/ (177887) (69819)
g ?:;T;:&?g;s l:fli;i[gr/ngnsjz) health indicator$).tw 23 exp Renal Insufficiency/ (423663)
Y o 24 ((kidney or renal) adj failure).tw. (201846)
(104448) 25 or/19-24 (2211384)
10 Egtéa;r;plan% or organ) adjl (cent$ or hospital$)).tw. 26 18 and 25 (9846)
11 “quality of life”/ (251461) 27 (*20140617”or“20140618” or “20140619” or 2014062*
* * *
12 mental health/ (78645) 2 ;2201;2673 3?)rs2015 or 2016*).dc. (1954720)
13 depression/ (249379) an (305)
14 (cent$ adj2 variation$).tw. (1008) 29 2? use ppez (305) ) ) ]
15 or/4-14 (1106098) 30 kidney transplantation/ or kidney allograft/ or kidney
16 3and 15 (8134) graft/ (214382)
17 graft rejection/ (59505) 31 ((kidney or renal) adj transplant$).tw. (157844)
18 (graft survival or graft failure or graft loss).tw. 32 30or 31 (2348006)
(34371) 33 comorbidity/ (240728)
19 mortality/ (549341) 34 health care quality/ (268775)
20 mortality.tw. (648953) 35 health care delivery/ (217526)
21 exp kidney failure/ (244261) 36 exp socioeconomics/ (209558)
22 ((kidney or renal) adj failure).tw. (105116) 37 health status indicator/ (23492)
23 or/17-22 (1150585) 38 (comorbid$ or community health indicator$).tw.
24 16 and 23 (5020) (247134)
39 ((transplant$ or organ) adjl (cent$ or hospital$)).tw.
*Updated search (15712)
Database: Embase Classic+Embase <1947 to 2016 June 24>, 40" “quality of life" (461222)
. 41 mental health/ (124518)
Epub Ahead of Print, In-Process & Other Non-Indexed 42 depression/ (377529)
Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) p . ..
21946 to P > 43 (cent$ adj2 variation$).tw. (2208)
o Fresen 44 or/33-43 (1865337)
Search Strategy: 45 32 and 44 (14869)
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46
47

48
49
50
51
52
53
54

55
56
57
58
59
60

graft rejection/ (117300)

(graft survival or graft failure or graft loss).tw.
(69819)

mortality/ (707720)

mortality.tw. (1368657)

exp kidney failure/ (423663)

((kidney or renal) adj failure).tw. (201846)

or/46-51 (2167641)

45 and 52 (9122)

(201406177 or “20140618” or “20140619” or
2014062* or 2014063* or 2015* or 2016*).dd.
(3046621)

53 and 54 (896)

55 use emczd (896)

29 or 56 (1201)

remove duplicates from 57 (1019)

58 use ppez (287) Medline

58 use emczd (732) Embase

Database: EBM Reviews—Cochrane Central Register of
Controlled Trials <January 2016>

Search Strategy:

O 0 1 O\ L KW

—_
=)

11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26

Kidney Transplantation/ (3141)

((kidney or renal) adj transplant$).tw,hw. (6108)

1 or2 (6108)

Comorbidity/ (2752)

“Quality of Health Care™/ (661)

Health Services Accessibility/ (452)

exp Socioeconomic Factors/ (7089)

Health Status Indicators/ (915)

(comorbid$ or community health indicator$).tw,hw.
(7783)

((transplant$ or organ) adjl (cent$ or hospital$)).
tw,hw. (301)

“quality of life”/ (15226)

Mental Health/ (736)

Depression/ (5753)

Depressive Disorder/ (4362)

(cent$ adj2 variation$).tw,hw. (88)

Quality Assurance, Health Care/ (556)

or/4-16 (39277)

3 and 17 (209)

exp Host vs Graft Reaction/ (2678)

Mortality/ (331)

mortality.tw,hw. (30219)

(graft survival or graft failure or graft loss).tw,hw.
(2875)

exp Renal Insufficiency/ (4872)

((kidney or renal) adj failure).tw,hw. (7826)
or/19-24 (40928)

18 and 25 (131)

Appendix B

Modified Version of the Newcastle-Ottawa
Quality Assessment Scale for Cohort Studies

A study was awarded a (+) if it was found to have low risk of
bias for an item, (-) for high risk of bias and (?) if it was
unclear or not reported in the study.

Selection

1)

Representativeness of the study cohort.
The representativeness of the transplant cohort was
rated as follows:

- Low risk if cohort did not have strict exclusion
criteria and included all primary renal transplant
recipients, as well there was no minimum graft
number required per center.

- High risk if study had exclusions and included a
subset of patients such as cadaveric transplants
only or living only, included retransplants or mul-
tiorgan transplants or only included centers graft-
ing a minimum number.

- Unclear if study did not mention any inclusion/
exclusion criteria in their Methods

Comparability

1)

Comparability of cohorts.
The comparability of participants in the different vol-
ume categories or at different centers was coded as:

- Low risk if the study adjusted for either sex or
age in their analytical model.

- High risk if the study did not adjust for any
covariates at all or adjusted for covariates other
than sex or age (eg, comorbidities) in their ana-
lytical model.

- Unclear if the study did not report whether they
adjusted in their model.

Outcome

1.

Assessment of outcome.
The assessment of outcome confirmation was coded as:

- Lowrrisk if the study clearly defined what the out-
come was, for example, graft survival censoring
for death or graft survival excluding death.

- High risk if the study reported the outcome but
was not clear in its definition, for example, graft
survival but did not specific whether it included
or excluded death.

- Unclear if study did not report how the outcome
was confirmed.
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2. Adequacy of follow-up.
Attrition was coded as follows:

- Low risk if all patients were accounted for or
there was less than 20% missing at the end of
study period.

- High risk if there was more than 20% missing at
the end of the study period or a study excluded
those with missing follow-up from the study.

- Unclear if there is no statement on follow-up.
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