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Abstract. — OBJECTIVE: For end-stage re-
nal disease (ESRD), patients receiving kidney
transplantation, peritoneal dialysis (PD) and he-
modialysis (HD) are both appropriate modes of
pre-transplant dialysis. The aim of this review is
to assess the impact of pre-transplant PD com-
pared to HD on kidney transplant outcomes in
ESRD patients.

MATERIALS AND METHODS: A comprehen-
sive search in digital databases, like PubMed,
SCOPUS and EMBASE and a manual search were
conducted to identify cohort studies comparing
the kidney transplant outcomes of both pre-trans-
plant dialysis modalities. The data were subject-
ed to both qualitative and quantitative analysis.
A meta-analysis was carried out to calculate the
effect estimate for patient survival, graft surviv-
al and delayed graft function, death-censored
graft survival, acute rejection-free graft surviv-
al, graft vessel thrombosis, urological complica-
tions, surgical complications, any infections, and
onset of diabetes after transplantation. The qual-
ities of the included studies were judged by the
New-castle Ottawa scale.

RESULTS: The overall patient survival is
shown to be better with patients who under-
went pre-transplant PD compared to HD with
OR 1.34 95% CI [1.11, 1.61], p = 0.002. Delayed
graft function was found to be highly associat-
ed with HD compared to PD with OR 0.60 [0.52,
0.70], p<0.0001 with moderate heterogeneity (i2
= 48%). However, no difference was observed
in terms of graft survival, complications, infec-
tions, and new onset of diabetes mellitus com-
pared to patients undergoing pre-transplant HD.

CONCLUSIONS: Within the limitations of the
review, it can be concluded that ESRD patients
undergoing pre-transplant PD were found to
have better patient survival and lower incidence
of delayed graft function.
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Introduction

End stage renal disease (ESRD) is a stage of
chronic kidney disease, where kidney function
is severely reduced and fails to meet the body’s
needs. The global heath burden of ESRD is rap-
idly increasing, with an estimated 2.6 million
people affected worldwide'. These patients are
often advised to undergo routine dialysis prior to
kidney transplantation. Pre-transplant dialysis is
often recommended to delay the process of trans-
plantation until the ESRD patients find a match-
ing donor®. The dialysis is performed either with
help from an external filtration device, known as
hemodialysis (HD), or by using the inside lining
of your abdomen (the peritoneum) as the filter,
rather than a machine, known as peritoneal dial-
ysis (PD).

HD and PD are both acceptable modes of
pre-transplant dialysis with their own benefits
and limitations. PD has greater patient preference
and satisfaction, as the procedure can be carried
out at home and does not require any external
device®. On the other hand, HD is performed in a
hospital setting, with longer sessions every week.
PD must be performed on a daily basis, while
patients being treated with HD may have an ad-
vantage of treatment free days*”.
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Many large cohort studies®® have evaluated
the effect of PD in comparison to HD on kid-
ney transplant outcomes, with conflicting results.
Unfortunately, the conclusions drawn from these
studies were difficult to interpret resulting in a
number of systematic reviews and meta-analy-
ses to provide pooled evidence. The conclusions
from these studies®® suggest that PD is a better
pre-transplant dialysis modality than HD. Fur-
ther evidence from Tang et al’ 2016 and Joachim
et al'® 2016, indicates that pre-transplant PD is
associated with higher post-transplant survival
than HD and that PD may be the preferable dial-
ysis modality for patients awaiting a transplant.
Both reviews considered patient survival, graft
survival and delayed graft function as primary
outcomes and did not take into account other
important outcomes like death-censored graft
survival, acute rejection-free graft survival graft
vessel thrombosis, urological complications, sur-
gical complications, any infections, onset of di-
abetes after transplantation due to lack of data.

With new evidence published in recent years,
there is a need to update and analyze additional
outcomes to strengthen the existing evidence.
Therefore, we conducted a systematic literature
search and meta-analysis comparing patient out-
comes following PD vs. HD prior to kidney trans-
plantation.

Materials and Methods

This systematic review and meta-analysis
aimed to compare patient outcomes following
PD vs. HD prior to kidney transplantation and
was carried out in strict adherence to Preferred
Reporting Items for Systematic review and Me-
ta-Analysis (PRISMA) guidelines". The pro-
tocol for this review was registered with In-
ternational prospective registry for systematic
reviews (PROSPERO) with registration number
CRDA42021267373.

Research Question

What is the impact of pre-transplant PD com-
pared to pre-transplant HD on kidney transplant
outcomes in ESRD patients?

The research question was framed according to
the PICO criteria.

Population (P): Patients undergoing dialysis pri-
or to kidney transplant;Intervention (I): Perito-
neal dialysis (PD);

Comparison (C): Hemo-dialysis (HD);

Outcome (O): patient survival, graft survival and
delayed graft function, death-censored graft
survival, acute rejection-free graft survival
graft vessel thrombosis, urological complica-
tions, surgical complications, any infections,
onset of diabetes after transplantation.

Search Strategy

A comprehensive search strategy was framed
to search in both digital databases and issues
of relevant journals. The electronic search was
run on digital databases like PubMed via MED-
LINE, SCOPUS and Experta Medical dataBASE
(EMBASE) using relevant search keywords:
“Pre-transplant dialysis”, “Peritoneal dialysis”,
“Hemodialysis”, “End stage renal disease”, “Kid-
ney transplant”. A manual search was also carried
out to search the issues from start of publication
year to till date of relevant peer-reviewed journals
like Journal of dialysis, Peritoneal dialysis inter-
national journal, Hemodialysis international and
Nephrology dialysis transplantation journal. The
last search was completed on 30" June 2021. The
search was also extended to screen the bibliog-
raphy section of potentially eligible studies and
previous systematic review and meta-analyses.

Study Selection

To eliminate duplication, the reports found
through this comprehensive search were import-
ed into citation management (ENDNOTE X7).
The relevance of the title and abstract of the final
set of retrieved reports was then checked. The
papers that were potentially eligible were then
subjected to a full text evaluation by two inde-
pendent reviewers. The eligibility criteria were
established to make the full text evaluation more
efficient.

Eligibility Criteria

The studies comparing the kidney transplant
related outcomes of patients under PD vs. HD
prior to kidney transplantation were included.
The studies assessing patient survival, graft sur-
vival and delayed graft function were considered
primary outcomes.

Exclusion Criteria

1. tudies recruiting patients who underwent
transplantation prior to 1990;

2. Studies not reporting relevant outcomes;

3. Studies published other than in the English
language.
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Data Extraction

The data was retrieved from all included stud-
ies by two independent reviewers using an excel
spreadsheet organized under the following do-
mains: author information, study design, sample
size, demographic characteristics, donor and re-
cipient characteristics, interventional characteris-
tics, outcomes like patient survival, graft survival
and delayed graft function, death-censored graft
survival, acute rejection-free graft survival graft
vessel thrombosis, urological complications, sur-
gical complications, any infections, onset of dia-
betes after transplantation.

Data Analysis

The retrieved data was subjected to both qual-
itative and quantitative analysis. The qualitative
analysis was used for the demographic character-
istics, as well as donor and recipients’ character-
istics and tabulated. The quantitative outcomes
expressed as numbers, ratios and percentage were
pooled using meta-analysis. The meta-analysis
was attempted only if two or more studies with
similar outcomes were available to sum-up the
data and synthesis the evidence. The forest plot
was constructed using RevMan 5.4v (Cochrane
Collaboration, UK). The significance of the ef-
fect estimate was set at p<0.05. The dichotomous
outcomes like patient survival, graft survival,
delayed graft function and other adverse events
were expressed as odd’s ratio (OR). Pooled OR
was calculated to assess the effect estimate. A
random effect model was used to pool the data
of all included studies considering the heteroge-
neity of the studies. The heterogeneity between
the studies was calculated using I? statistics. An
I? value of less than 40% was considered as low
heterogeneity, a value ranging between 40-70%
was considered moderate, and a value more than
70% was considered high.

Quality of Included Studies

Two independent reviewers used the Newcas-
tle-Ottawa Scale (NOS) to assess the method-
ological quality of the included studies. The NOS
is made up of eight different components that are
divided into three categories: selection, compara-
bility, and outcome. The quality of the study un-
der evaluation was graded using a star scale that
ranged from zero to nine. Each included study
was given one of three categorical scores: good
(three or four scores in the selection domain AND
one or two scores in the comparability domain
AND two or three scores in the outcome domain),

2294

fair (two scores in the selection domain AND one
or two scores in the comparability domain AND
two or three scores in the outcome domain), or
poor (two scores in the selection domain AND
one or two scores in the comparability domain
AND two or three scores in the outcome domain)
(zero or one score in selection domain OR zero
score in comparability domain OR zero or one
score in outcome domain). Any disagreements
between independent reviewers were solved by a
third reviewer.

Results

This systematic review and meta-analysis in-
cluded twenty studies®®!>*® comparing the kid-
ney transplant outcomes in patients undergoing
pre-transplant PD vs. HD. The comprehensive
search retrieved a total of 819 reports, of which,
when screened, twenty-two studies were found
to be eligible. These eligible studies underwent
a full text assessment, where one study was not
retrieved, and another did not report relevant
outcomes. Finally, twenty studies were included
for both qualitative and quantitative analysis. The
details of the study selection process are provided
in Figure 1.

The included studies comprised eighteen ret-
rospective cohort studies®*!*!41627 and only two
prospective cohort studies'>*® comparing both
pre-transplant dialysis procedures.

The included studies recruited a total of
362,056 ESRD patients undergoing pre-trans-
plant dialysis with PD or HD alone. Out of
which, 302,818 patients were undergoing HD
and 59,238 patients were undergoing PD. The
weighted mean age of the recipient and donor
was found to be 48.45 yrs and 46.75 yrs respec-
tively. The weighted mean height of the recip-
ient and donor was calculated to be 171.16 cm
and 172.75 cm, respectively and weighted mean
weight was 72.54 kg and 76.99 kg, respectively.
The mean BMI for recipient was 26.02 and for
donor was 25.90. The gender distribution and
type of donor used (living or cadaveric) are pro-
vided in Table I.

Meta-Analysis

Meta-analysis was performed on the quantita-
tive data. Table II shows the data and factors for
the outcomes studied. When two or more trials
with similar results were available, a meta-analy-
sis was undertaken.
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Figure 1. PRISMA flow
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Overall- Patient Survival

The survival of a transplanted patient from the
time of transplantation to death or the last fol-
low-up is referred to as patient survival. Patients
who had pre-transplant PD had a higher overall
survival rate than those who had HD, with an OR
of 1.34 95% CI [1.11, 1.61], p = 0.002. The het-
erogeneity among the included studies, however,
was found to be substantial (12 = 87%) (Figure
2). Patients undergoing pre-transplant PD showed
a higher five-year patient survival rate than pa-
tients undergoing HD with a HR 0.87 95% CI
[0.79, 0.95], p=0.003; 12= 79% (Supplementary
Figure 1). No significant difference was observed
for all-cause patient death in patients undergoing
pre-transplant PD vs. HD with HR 0.98 95% CI
[0.88, 1.08], p=0.64, 1>=76%.

Graft Survival

No significant difference was observed in
non-censored graft survival between patients
undergoing pre-transplant PD compared to HD

with OR 1.08 95% CI [0.93, 1.26], p=0.31
(Figure 3). No significant difference was ob-
served in death-censored graft survival be-
tween patients undergoing pre-transplant PD
compared to HD with OR 1.08 95% CI [0.89,
1.31], p=0.42. (Supplementary Figure 2). Sim-
ilar results were shown with pooled HRs of
death-censored graft loss between both modal-
ities with HR 0.97 95% CI [0.91,1.04], p=0.46,
[’=67%.

Acute Rejection-Free Graft Survival

No significant difference was observed in
acute rejection-free graft survival among both
the pre-transplant dialysis modalities with OR
1.14 95% CI [0.71, 1.83], p=0.59.

Delayed Graft Function (DGF)

DGF was found to be highly associated with
HD compared to PD with OR 0.60 [0.52, 0.70],
p<0.0001 with moderate heterogeneity (12 =
48%).
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Table I. Interventional characteristics of included studies.

Author & Year Type of study  Total Dialysis Participants Recipient Donor
particlpants  modality  pergroup oo 40 o) Height,  Weight,  Body Age,years  Dialysis Donor Type (%) Gender (%) Height,  Weight,ky  BMI kg/m'  Age, years (%)
cm kg (Mean mass (Mesnt  vintage/ cm (Meant ~ (Meant
(Mean + +8D) index SD) time prior (Mean + SD) SD)
Female Male SD) (BMI), to Tx, Cadaveric Living Female Male SD)
m* months
(Mean & (Mean +
SD) SD)
Balzer et al”® Retrospective 2277 No RRT 136 54(39.7) 82(60.3) 17310 728+ 243£37 435+16 372145 24(176) 12 83 (61) 53(39) 17149 738+124  251%35 504121
2020 148 82.4)
HD 1847 2075 1155 172410 7424 2539 SI6£131  655£361  15R0(855) 267 924(50) 923 (50) 173410 775415 25941 506162
(62.5) 147 (14.5)
D 159 79(97)  80(503) 172410 733+ 247238 464+127 444308 113(7LI) 46(289) ST(4T)  T2(453) 172511 T57+167 255446 4174157
138
HD+PD 135 71526  64(474) 171=12 718+ 243243 452+130 734326 112(83) 207 TIGAL) 62459 17249 7482142 252438 4934149
152
Debska-Sliziehet  Rewospective 266 P 133 68(GL) 65489 NR NR NR 4424151 2035517 MR NR 52 87 NR NR MR $53214
t
ara0s HD 133 470353 860647 NR NR NR 4888155 3355436 NR NR NR NR NR
Che et al’ 2018 Prospective 202 HD 104 9075 65625 NR NR 212 424297 155 79 (100) 0 27(42)  S2(658)  NR NR 215 4032137
D o8 2029 566 NR NR 25 95116 24 83 (100) 0() 20253 62047  NR NR 212 3775165
Lin et al” 2018 Retrospective 1812 HD 1209 504384 679 NR NR NR a9+ NR NR NR NR NR NR NR MR NR
(56.16) 1157
D 603 203(48.59) 310 NR NR NR 828+ NR NR NR NR NR NR NR NR NR
(51.41) 1345
Dipalma etal® 2016  Retrospective 160 HD 30 27(33.8) S3(662) NR NR 248£56 466=151 255 30 (100) 0(0) 21(262) 59(73.8) NR NR NR 3924181
D 80 26025 54675 NR NR 25354 4322139 15 NR NR NR
Songetal” 2016  Rewospective 275 HD 178 67(G76)  111(624) 1655+ 609+ 221233 467+104 8124487 NR NR 72(404)  106(596)  NR NR MR 4274143
79 108
25 97 48(49.5)  49(505) 1618= 617+ 234234 449112 T4S+421 NR NR 8(E92) 59608  NR NR MR 374142
12.7 128
Lopez-Olivaetal®  Rewospective 236 D s 56475 62525 MR NR 285+ 4352124 2792279 114(96.6) 434) 45081  TIELY) MR NR NR 4582162
2014 439
HD 18 2098 71602 NR NR B8 4152151 S0T£6T5  114(96.6) 434 4013 MET W NR NR 472149
383
Krameretal® 2012 Retrospective 29088 PD 10135 3993 (394) 6142 NR NR NR 463 2.1 8219 ®1.1) 1916 NR NR NR NR NR NR
(60.6) (189)
HD 18953 6671(352) 12282 NR NR NR 495 22 15921 (84) 303206 MR NR NR NR NR NR
(64.8)
Molnaretal 2012 Retrospective 14508 HD 12416 ABIERD) 7685 NR NR M6 49x14 NR NR 4097(33) NR NR NR NR NR 3915
61.9)
D 2092 990@73) 1102 NR NR %26 4415 NR NR 75336 MR NR NR NR NR 38215
(527
Sharmaetal2012  Retrospective 401 HD 339 149 (44) 190(5) NR NR NR 06127 442392 241(7L1) 9B(289) 172(50T)  167(493) NR NR NR 398147
P 62 38(613) 24087 MR NR NR 44+138 352328 46(742) 16258) 24087 38613  NR NR NR 4124169
Ardalan etal? 2011 Rewospective 143 D 6 20(304)  48(6%.6) NR NR NR 353159 1644103 0(0) 69(100) 14203 55097 MR NR NR 24544
HD 7 6E8T)  /GLY MR NR NR 07£133 20411 0@ 241000  28(78)  46(622)  NR NR NR 207456
Freitas etal” 2011 Rewospective 306 HD 268 97(362)  171(638) NR NR NR 458121 33:496 233 (869) [N MR NR NR NR NR 4482142
P 38 26(684)  12016) NR NR NR 82141 596573 26(684) 12016 NR NR NR NR MR 4234132
etal* R i 60008 No RRT 1150 483 (42) 667 (58) NR NR NR 476132 0 NR NR NR NR NR NR NR 412169
2on HD+PD 1543 630408  913(593) NR NR NR 483133 39229 MR NR NR NR NR NR NR 842168
HD 45651 16389(359) 29262 NR NR NR 5024129 4133 MR NR NR NR NR NR MR 4672171
64.)
D 11664 4969 (42.6) 6695 NR NR NR 87126 31227 MR NR NR NR NR NR NR 4562165
(574
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Table | (Continued). Interventional characteristics of included studies.

Author & Year Type of study  Total Dialysis Participants Recipient Donor
participaats  modallty  pergroup o (o) Height,  Weight,  Body Age,years  Dialysls Donor Type (%) Gender (%) Height,  Weight,ky BML kgm®  Age, years (%)
en kg(Mean mass (Mean+  vintage/ an (Meant ~ (Meant
(Mean+  +SD) index SD) time prior (Mean + SD) SD)
Female Male SD) M), to Tx, Cadaveric Living Female Male SD)
kg/m* months
(Mean = (Mean =
SD) 5D)
Sezeretal®2011  Rewospective 250 HD 180 69(83)  116LY) NR NR B4 30+9 1854116 50(28) 130G2)  115(64) 65 (36) NR NR NR E?)
102
D 0 2014  480686) NR NR 46+ 29411 2544101 2201) /69 43062 2708) NR NR NR 30
114
Courivandetal®  Retrospective 2010 No RRT 114 52456)  62(544) NR NR B4 44x14 NR NR NR NR NR NR NR MR NR
2010
HD 1564 57937 985(63) MR NR B4 a7E13 NR NR NR NR NR NR NR NR NR
D 12 1250377 207(623) NR NR 27438 44x14 NR NR NR NR NR NR NR NR NR
Caliskan ¢1al' 2009 Retospective 88 PD m 18409)  26(59.) NR NR x4 2629 26189 8(182) 36(818) 25(568)  19(432)  NR NR NR a1:14
HD 4 18409)  26(1) NR NR 043 27411 254246 8(182) 6818 23(23) 2@ MR NR MR a1=14
Yang et al®* 2009 Prospective 402 HD 303 99(32.7) 204 (683) NR NR NR 4159124 NR 303 (100) 0(0) NR NR NR NR NR NR
PD 9 38O84) 61616 NR NR NR 4402 NR 99 (100) 0(0) NR NR NR NR NR NR
1372
Goldfarb- Retrospective 92844 HD NR 36859(30.7) 55985 169+ 726+ NR 48137 NR 69819 (752) 23025 4D666(43.8) S2178(562) 1643+ 72819 NR 34724 15,64
- vetal
?0"(‘;‘5'"‘“’““" etal PD NR (©03) 137 172 NR 4LI1151  NR 248 219 NR 3381 %1541
Josephetal®2002  Rewospective 325 HD I 46093  TIG07)  NR NR 4274146 345319 MR NR 61(526)  S56@74)  NR NR NR 3974171
PD 183 83 (45.4) 100(54.6) NR NR NR 415:132 244197 NR NR 83 (46.1) 100(539)  NR NR NR 3742164
HD+PD 25 8(32) 1768 R NR NR 46137 S068=448 MR NR 11 (44) 14(56) NR NR 3692187
Snyderetal' 2002 Retospective 252402 HD 219240 103043 (47) 116197  NR NR NR NR NR NR NR NR NR NR NR MR NR
(53)
D 33162 15255(46) 17907  NR NR NR NR NR NR NR NR NR NR NR NR NR
(54)

RRT — Renal Replacement Therapy, HD — Haemodialysis, PD — Peritoneal dialysis, NR — Not Reported.




Table Il. Outcomes of pre-transplant dialysis in kidney transplant patients of included studies.

Author & Year  Dialysis Participants per ~ Outcomes.

T group Patient Death - Gralt Acule Delayed Gralt vessel Urological Cytomegalovirus Other Surgical New-onset diabetes

survival censored survival rejection graft hrombosis (%) plications (%)  (CMV) infection (%) infecti lications (%)  after transplantation
(%) graft (%) (AR) - free function (mostly (%)
survival (%) graft (DGF) (%) urinary tract
survival (%) infection) (%o)

Balzer ctal No RRT 136 123(902)  89(65.5) NR 101(739) MR NR NR NR NR NR NR
2020 HD 1847 920(49.8)  1167(632) NR 1178 (638) NR NR NR NR NR NR NR

PD 159 16(731)  114(71L5) MR 17(738)  NR NR NR NR NR NR NR

HD +PD 135 70 (51.6) 105(78.1)  NR 87 (64.4) NR NR NR NR NR NR NR
Debska-Slizichet  PD 133 130 (98) 120 (90) 118 (89) 114(8572)  28(2105)  9(6.7) 9(6.38) 20(15) 37(27.8) NR 16(12)
al’’ 2018 HD 133 128 (96) 124 (93) 120 (90) 90(67.67)  57(4286)  4(3) 7(53) 13(9.8) 33 (24.8) NR 13(9.8)
Cheetal® 2018  HD 104 100(962)  101(97.1)  97(933) 104 (100) 19(18.3) NR 7(68) 21(202) 60(57.5) 11(10.6) NR

PD 9% 95(969)  95(969) 92939  70(74) 16(16.3) NR 5(5.1) 20 (20.4) 57(58.1) 9(92) NR
Linetal®2018  HD 1209 1071 (88.59) NR 1020 (8437) NR NR NR NR NR NR NR NR

PD 603 549(91.04) MR 534(88.56) NR NR NR NR NR NR NR NR
Dipalmactal®  HD 80 69(862)  65(812) NR 71 (88.8) 32(39.5) 4(5) 13(15.5) 30 (40) NR 23(29.9)
2016 PD 80 69(862)  67(83.8) NR 70 (87.5) 26(32.4) 3(4) 20(262) 33 (44) NR 14(18.7)
Song etal’’ 2016  HD 178 NR NR 156(87.T)  153(856)  57(32) 1(05) @) NR NR NR NR

PD 9 NR NR 80(823)  82(842) 19(19.6) o) 2020 NR NR NR NR
Lépez-Olivaet  PD 18 101(856) MR 75(63.6)  85(71.8) 16(13.9) 4034 NR 8(6.7) 34(293) NR
al* 2014 HD 118 88 (T4.6) NR 86 (72.9) 84(70.9) 27(23.1) 1(0.8) NR 7(59) 39(33.1) NR
Kramer et al®! D 10135 NR NR NR NR NR NR NR NR NR NR NR
2012 HD 18953 NR NR NR NR NR NR NR NR NR NR NR
Molnar et al* HD 12416 11505 (927) NR 10970 (88.4) NR 478(20)  NR NR NR NR NR NR
2012 PD 2092 1987(95) MR 1887(902) NR 292(14) NR NR NR NR NR NR
Sharma et al® HD 339 285(841)  NR 27(67.1)  290(85.5)  130(388)  2(059) NR 119 (35.1) NR NR
2012 PD 62 54(87) NR 45(726)  58(93.5) 1(17.7) o) NR 15 (27.4) NR NR
Ardalan ¢t al'? PD 69 66 (95) NR 56 (81) 62(89.9) 6(8.7) 229 NR 2(29) NR NR 3(43)
2011 HD 74 53(71) NR 55(74) 65 (87.8) 9(122) 3a0) NR 6(8.1) NR NR 30
Freitas etal’® HD 268 242(903) NR 188 (70) 240(89.6)  96(358) NR NR NR NR NR NR
2011 D 38 36(93.7) NR 31(81.2) 36(94.7) 5(13.2) NR NR NR NR NR NR
Schwengeretal®®  No RRT 1150 1061 (923)  1037(902)  979(851) NR NR NR NR NR NR NR NR
201 HD + PD 1543 1336(866)  1304(84.5)  1173(%6)  NR NR NR NR NR NR NR NR

HD 45651 39625 (86.8) 38895(85.2) 34740(76.1) NR NR NR NR NR NR NR NR

PD 11664 10451 (89.6) 10148 (87)  9285(79.6) NR NR NR NR NR NR NR NR
Sezeretal 2011  HD 180 NR NR NR NR NR NR NR NR NR NR NR

PD 70 NR NR NR NR NR NR NR NR NR NR NR
Courivaud etal®  No RRT 14 NR NR NR 80(702) NR NR NR 23(213) NR NR 7(52)
2010 HD 1564 NR NR NR 1195 (764)  NR NR NR 269 (20.6) NR NR 108 (78.8)

PD 332 NR NR NR 253(762)  NR NR NR 65(22) NR NR 22(16)
Caliskanctal®  PD 44 30(91) NR 26(793)  41(93) 49) NR 7(159) 24.5) 10 (22.7) NR NR
2009 HD 44 32(967)  NR 31030) 4000 2(5) NR 5(114) 123) 8(182) NR NR
Yangetal* 2009 HD 303 281(928) MR 269(388)  241(79.5)  14(46) NR NR 127 (41.9) 61 (20.1) NR NR

PD % 9 (90) NR 92(929)  83(838) 4(4) NR NR 31(313) 13 (13.1) NR NR
Goldfarb- HD NR NR NR NR NR NR NR NR NR NR NR NR
go“o";m““’ etal’ pp, NR NR NR NR NR NR NR NR NR NR NR NR
Joseph et al®® HD u7 98(838)  NR §7(744)  94(513) 58 (49.5) NR NR NR NR NR NR
2002 PD 183 140(765) MR 123(672)  84(459) 56 (30.6) NR NR NR NR NR NR

HD + PD 25 18(72) NR 20 (80) 10 (40) 13(53) NR NR NR NR NR NR
Snyderetal® 2002 HD 219240 186354 (85) 188546 (86)  164430(75)  255(73) 35078(16) 106 (30) 7(2) 34(10) 11(6) NR

PD 33162 28188 (85)  28188(85)  24540(74)  114(73) 979(12) 64D 32 12(8) 33 NR

RRT — Renal Replacement Therapy, HD — Haemodialysis, PD — Peritoneal dialysis, NR — Not Reported.
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Heterogeneity: Tau? = 0.05; Chi? = 110.87, df = 14 (P < 0.00001); I> = 87%
Test for overall effect: Z = 3.05 (P = 0.002)

PD HD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ardalan et al. 2011 66 69 53 74 1.9% 8.72 [2.47, 30.81]
Balzer et al. 2020 116 159 920 1847 10.2% 2.72[1.89, 3.90] =
Caliskan et al. 2009 30 44 32 44  3.3% 0.80[0.32, 2.01] - 1
Che et al. 2018 95 98 100 104 1.4% 1.27[0.28, 5.81] I o
Debska-Slizien et al. 2018 130 133 128 133 1.5% 1.69 [0.40, 7.23] -1
Dipalma et al. 2016 69 80 69 80 3.4% 1.00 [0.41, 2.46] - 1
Freitas et al. 2011 36 38 242 268 1.4% 1.93 [0.44, 8.50] -1
Joseph et al. 2002 140 183 98 117 6.1% 0.63[0.35, 1.15] =
Lin et al. 2018 549 603 1071 1209 10.8% 1.31[0.94, 1.82] ™
Lopez-Oliva et al. 2014 101 118 88 118  5.4% 2.03[1.05, 3.92] —
Molnar et al. 2012 1987 2092 11505 12416 13.7% 1.50 [1.22, 1.84] -
Schwenger et al. 2011 10451 11664 39625 45651 16.2% 1.31[1.23, 1.40] -
Sharma et al. 2012 54 62 285 339  4.1% 1.28 [0.58, 2.84] -
Snyder et al. 2002 28188 33162 186354 219240 16.4% 1.00[0.97, 1.03]
Yang et al. 2009 89 99 281 303  4.2% 0.70[0.32, 1.53] 1
Total (95% CI) 48604 281943 100.0% 1.34 [1.11,1.61] L 2
Total events 42101 240851
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Figure 2. Forest plot showing pooled association of overall patient survival between patients undergoing pre-transplant PD vs. HD.

Graft Vessel Thrombosis

Kinking of the renal vein or stenosis of the
venous anastomosis can cause renal vein throm-
bosis. It can also occur as a result of a hypercoag-
ulable condition. Graft vascular thrombosis was
considerably more common in patients receiving
PD than in patients undergoing HD, with an OR
of 2.04 95 percent CI [1.00, 4.14], p=0.05, and a
i2 of 40% (Figure 4).

Other Complications
No significant difference was observed in uro-
logical complications, cytomegalovirus infection,

post-transplant infections, surgical complica-
tions, and new-onset diabetes after transplanta-
tion among both the pre-transplant dialysis mo-
dalities (Supplementary Figure 3-7).

Publication Bias

The funnel plots among the included studies
for various primary outcomes are provided in
Supplementary Figure 6. No publication bias
was found among the included studies assessing
graft survival (both death-censored and non-cen-
sored), acute rejection free graft survival, delayed
graft function or graft vessel thrombosis. Among

Test for overall effect: Z = 1.02 (P = 0.31)

PD HD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ardalan et al. 2011 56 69 55 74 3.0% 1.49[0.67, 3.30] =1 =
Caliskan et al. 2009 26 44 31 44 25% 0.61[0.25, 1.47] _
Che et al. 2018 92 98 97 104 1.6% 1.11[0.36, 3.42] <
Debska-Slizien et al. 2018 118 133 120 133 3.1% 0.85[0.39, 1.87] -1
Freitas et al. 2011 31 38 188 268 2.7% 1.88 [0.80, 4.46] ]
Joseph et al. 2002 123 183 87 117 5.9% 0.71[0.42, 1.19] I
Lin et al. 2018 534 603 1020 1209  11.0% 1.43[1.07, 1.93] B
Lopez-Oliva et al. 2014 75 118 86 118  54% 0.65[0.37, 1.13] —
Molnar et al. 2012 1887 2092 10970 12416 15.9% 1.21[1.04, 1.42] kd
Schwenger et al. 2011 9285 11664 34740 45651 18.6% 1.23 [117, 1.29] -
Sharma et al. 2012 45 62 2271 339 4.7% 1.31[0.72, 2.38] 1=
Snyder et al. 2002 24540 33162 164430 219240 18.9% 0.95[0.92, 0.97] L
Song et al. 2016 80 97 156 178  3.8% 0.66 [0.33, 1.32] L
Yang et al. 2009 92 99 269 303 2.7% 1.66 [0.71, 3.88] -
Total (95% Cl) 48462 280194 100.0% 1.08 [0.93, 1.26]
Total events 36984 212476
Heterogeneity: Tau? = 0.03; Chi? = 102.51, df = 13 (P < 0.00001); I = 87% 0?1 sz 0?5 1 é é 1‘0
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Figure 3. Forest plot showing pooled association of graft survival between patients undergoing pre-transplant PD vs. HD.
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M-H, Random, 95% CI

Odds Ratio Odds Ratio

M-H, Random, 95% CI

PD HD
Study or Subgroup Events Total Events  Total Weight
Ardalan et al. 2011 2 69 3 74 11.1%
Debska-Slizien et al. 2018 9 133 4 133 18.9%
Dipalma et al. 2016 3 80 4 80 14.1%
Lopez-Oliva et al. 2014 4 118 1 118 8.3%
Sharma et al. 2012 0 62 2 339 4.8%
Snyder et al. 2002 64 33162 106 219240 38.5%
Song et al. 2016 0 97 1 178 4.4%

Total (95% CI) 33721

Total events 82 121
Heterogeneity: Tau? = 0.31; Chiz = 10.01, df = 6 (P = 0.12); |12 = 40%
Test for overall effect: Z = 1.97 (P = 0.05)

220162 100.0%
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1.08 [0.05, 22.77)
4.00 [2.93, 5.45) -
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-

2.04 [1.00, 4.14]

0.005 0.1 1 10 200
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Figure 4. Forest plot showing pooled association of graft vessel thrombosis between patients undergoing pre-transplant PD vs. HD.

the included studies assessing patient survival,
Ardalan et al'? 2011 and Balzer et al'® 2020 were
found to be outside the 95% CI limit. For acute
rejection free graft survival, Che et al'® 2018 was
found to be outside the funnel (Supplementary
Figure 8).

Sensitivity Analysis

A sensitivity analysis was carried out within
the included studies to assess patient survival. No
difference in effect estimate was observed after
removing the studies showing publication bias
with OR lying outside the 95% CI limit.

Quality of Included Studies

The quality of included studies was assessed
using NOS. All the studies were assessed to be of
good quality (Table III).

Discussion

This systematic review and meta-analysis in-
cluded twenty cohort studies which examined
the kidney transplant outcomes in patients under-
going pre-transplant PD compared to HD. The
results showed patients undergoing pre-trans-
plant PD presented with better five year-patient
survival and comparatively lower incidence of
delayed graft function than patients undergoing
pre-transplant HD. However, no difference was
observed between both dialysis methods in terms
of outcomes like graft survival (non-censored
or censored for death), any complications or
infections. Additionally, it was noticed that the
incidence of graft vessel thrombosis was highly,
and significantly, associated with renal transplant
patients undergoing pre-transplant PD.
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Patients with ESRD have a terminal illness
and require daily dialysis to maintain kidney
function?””. Renal transplantation improves the
patient’s quality of life and overall survival. Our
meta-analysis examined both five-year patient
survival and overall patient survival in patients
undergoing pre-transplant PD. Our findings were
in accordance with the previous systematic re-
views>!*¥ Patient survival (both five-year and
overall) in ESRD patients undergoing renal trans-
plantation showed high heterogeneity among the
included studies due to the presence of numerous
confounding factors, like baseline patient char-
acteristics, residual renal function, frequency of
dialysis, incidence of infections, and presence of
co-morbidities. Similar adjustments could not be
made to estimate the patient survival.

There was no difference in graft survival be-
tween the two pre-transplant dialysis methods in
our meta-analysis. Graft survival is defined as the
ability of a graft to function and was censored
and uncensored for death®. Graft survival (not
censored for death) is measured from the time
of transplantation until the time of irreversible
graft failure, which is defined as a return to long-
term dialysis or retransplantation. Graft failure
is the term used to describe mortality with graft
function in this situation. Graft survival was
computed from the date of transplantation to the
date of irreversible graft failure, which is defined
as returning to long-term dialysis or re-transplan-
tation’’. The follow-up period is censored at the
date of death in event of death with functioning
graft.

The included studies showed varied results
in predicting patient and graft survival. Two of
the analyzed studies®** with the largest cohort
showed almost contradictory results, making the
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Table IlI. Quality of included studies assessed by New-castle Ottawa Scale.
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effect estimate inconclusive due to high hetero-
geneity. Snyder et al® 2002, with a sample size
of 33,162 patients undergoing pre-transplant PD,
did not show any significant differences in patient
and graft survival, compared to HD. In contrast,
Schwenger et al** 2011, with 11,614 patients un-
dergoing pre-transplant PD, showed a 10% lower
all-cause mortality, suggesting increased patient
survival compared to HD. Additionally, Gold-
farb-Rumyantzer et al’ 2005 found that pre-trans-
plant PD predicted better graft and patient surviv-
al with HR 0.96 and 0.97 respectively, resulting in
a better patient mortality (all-cause death).

DGF is described as the failure of a kidney
transplant to function immediately, necessitating
dialysis in the first week after the transplant®.
When compared to HD, pre-transplant PD was
linked to a reduced risk of DGF, with a pooled
odds ratio of 0.60 (95% CI 0.52-0.70). A mod-
erate heterogeneity of 48% was found in the
meta-analysis. Among the analyzed studies for
DGF, all but one study (Caliskan 2009'*) showed
a higher incidence of DGF with PD. Infection
and inflammatory pathways may be triggered
by utilizing a filtration device with an external
dialysis membrane, resulting in an increase in
circulating complement, phagocytic leukocyte
activation, and free radical generation, leading
to a persistent micro-inflammatory state*. By ac-
tivating complement components and phagocyte
leucocytes, artificial membranes employed in HD
might boost free radical generation even fur-
ther**. The increased delay in graft function with
ESRD patients undergoing frequent HD could be
due to the presence of the external membrane,
in contrast to patients undergoing PD where the
patient’s own abdominal peritoneal membrane is
used as the filtration device.

Higher incidence of graft vessel thrombosis
was evident in our meta-analysis in patients un-
dergoing pre-transplant PD. Kinking of the renal
vein or stenosis of the venous anastomosis can
cause renal vein thrombosis®, and can be caused
by a hypercoagulable state, resulting in a higher
graft failure rate. However, the results from our
meta-analysis, show the HR estimate of death
censored graft loss to be non-significant among
both the dialysis modalities.

Pre-transplant PD patients typically have bet-
ter biochemical and hematological stability due to
improved nutritional balance and increased social
independence. These patients also see a preven-
tion in metabolic and nutritional damage to the
immune system, with a better immunologic state
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contributing to a higher incidence of acute rejec-
tion compared to HD patients. The results pre-
sented here, contrast this explanation, and match
with the results from Tang et al® 2016, showing no
significant difference in acute rejection free graft
survival between dialysis modalities. The use of
immune-suppressive and anti-microbial drugs to
combat graft rejection and infections during the
first few weeks of kidney transplantation could be
the reason of similar incidence of acute rejection
free graft survival, infections, cytomegalovirus
infections, and other complications was found
between dialysis modalities.

The potential benefit observed in patients un-
dergoing PD when compared to HD in terms
of patient survival, graft survival and reduced
delayed graft function could be because PD is
carried out continuously and allows the mainte-
nance of residual kidney function. The success
of the kidney transplantation is dependent on the
residual kidney function. Infection also continues
to be an important cause of mortality and morbid-
ity among HD patients due to use of an external
filtration device. Non-transplant patients treated
with PD showed similar beneficial results. Korev-
aar et al** conducted a randomized clinical trial
that found patients treated with PD compared to
HD had a substantial improvement in survival
throughout the first five years.

There were a couple of limitations associated
with this review. The inability to control and ad-
just the confounding factors between the included
studies, such as age, body mass index, geographi-
cal region, time of dialysis, frequency of dialysis,
residual renal function, type of donor (living or
cadaveric), incidence of infections, presence of
co-morbidities and use of immunosuppressive
drugs, may have limited the between study com-
parisons. Additionally, the HR estimates used
to assess the all-cause death and death censored
graft failure were unadjusted values, and it would
have been interesting to see the results with
adjusted outcomes. Another limitation of this
review is that the sample size among the included
studies was varied, and further research is needed
to provide much stronger evidence.

Conclusions

Within the limitations of the review, it can
be concluded that ESRD patients undergoing
pre-transplant PD were found to have better pa-
tient survival and a lower incidence of delayed
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graft function. However, no difference was ob-
served in terms of graft survival, complications,
infections, and new onset of diabetes mellitus
compared to patients undergoing pre-transplant
HD. The results from this review suggest that
PD may be regarded as the better pre-transplant
dialysis option for ESRD patients undergoing
kidney transplantation due to the benefits ob-
served on patient survival and overall patient
acceptance.
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