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ABSTRACT

The acute kidney injury (AKI) of deceased donors was an important strategy to address donor
shortage. This meta-analysis was conducted to explore the clinical effect of kidney transplant-
ation from donors with AKI. PubMed, Embase, and Cochrane Library were searched through July
2017. Fourteen cohort studies, involving a total of 15,345 donors, were included. Studies were
pooled, and the hazard ratio (HR), relative risk (RR), weighted mean difference (WMD), and their
corresponding 95% confidence interval (Cl) were calculated. The present meta-analysis showed
no significant difference in allograft survival between the AKI and non-AKI groups (HR=1.16,
95% Cl=0.99-1.37, Pheterogeneity = 0.238, P =21.6%) from 12months to 120 months after kidney
transplantation. However, the time of hospital stay was significantly longer (WMD =2.49, 95%
C1=1.06-3.92, Pheterogeneity = 0.458, P =0%) and the incidence of delayed graft function (DGF)
was significantly higher (RR=1.76, 95% Cl=1.52-2.04, Pycterogeneity < 0.001, F=71.2%) in the AKI
group than in the non-AKI group. We concluded that even though hospital stay time was longer
and the incidence of DGF was significantly higher in the AKI group, there is no significant differ-
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ence in allograft survival between the two groups.

Introduction

Renal transplantation is the first-choice treatment for
patients suffering from end-stage kidney failure [1-3]. It
was estimated that a total of 16,000 patients received
kidney transplants throughout the United States in
2012 [4]. The incidence of renal failure and hence the
pressure on the waiting list for a kidney transplant have
increased with the development of dietary and environ-
mental triggers, which does not match the growth in
available transplants. Improvement in health care acces-
sibility and longevity has also led to an increasing num-
ber of patients with end-stage renal disease (ESRD)
[5,6]. Kidney transplantation still has a big gap between
supply and demand. In 2011, nearly 5000 patients died
on the kidney waiting list, which means 14.6 deaths per
day or about 1 every 99 min [7]. Approximately 34,000
patients are included in the waiting list each vyear,
which means 93 patients per day or one patient every
15 min [7]. Unfortunately, less than 17,000 kidney trans-
plants are performed each year, about 11,000 among
them are from deceased donors [7].

The imbalance between donor and recipient of kid-
ney transplantation facilitated the implementation of
various strategies to increase donor pooling [8,9]. In
this regard, it has been proposed to use the acute kid-
ney injury (AKI) of deceased donors as an important
strategy to address donor shortage [10-12]. AKI is an
abrupt loss of kidney function that develops within sev-
endays and is considered reversible based on rapid
reversible serum creatinine concentrations if the eti-
ology is corrected. For donors with AKI, many transplant
centers are concerned if a kidney accompanied by
ischemia and reperfusion injury could be well trans-
planted. Therefore, the abnormal terminal serum cre-
atinine had been reported as the second most common
cause of kidney refusal [13]. On the contrary, growing
evidence shows that kidney donors who had AKI condi-
tions have similar long-term renal function and graft
survival rates compared with those who did not have
AKI [14-16]. This systematic review and meta-analysis of
published studies were performed to explore the clin-
ical effect of kidney transplantation from donors
with AKI.
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Materials and methods

The present meta-analysis was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines [17].

Search strategy

The PubMed, Embase, and the Cochrane Library data-
bases were searched for relevant studies up to July
2017, using the following terms and their combinations:
‘kidney/renal transplantation’, ‘acute kidney injury/AKI’,
and ‘donor OR donors’. Two authors (Xiao-peng Yuan
and Chang-xi Wang) reviewed all scanned studies and
citations. There is no language restriction in literature
search. Moreover, the references of the retrieved manu-
scripts were also manually cross-searched for further
relevant publications.

Selection criteria

The inclusion criteria were as follows: (1) studies on
adult patients receiving kidney transplantation; (2) com-
parative studies with at least two comparison groups,
in which one group received donors with AKI and
another group received donors without AKIl; and (3)
studies reporting graft survival and other postoperative
clinical outcomes. The exclusion criteria were (1) studies
on animal models and (2) types of studies are abstract,
letter, review, meta-analysis.

Data extraction and quality assessment

All the available data were extracted from each study
by two investigators (Xiao-peng Yuan and Chang-xi
Wang) independently according to the inclusion crite-
ria. Any disagreement was subsequently resolved by
discussion with a third author (Yi-tao Zheng). The fol-
lowing data were collected from each study: first author
name, publication year, study design, country where
the research was performed, the number of patients by
gender, mean age, time of follow-up, graft survival,
delayed graft function (DGF), primary nonfunction, esti-
mated glomerular filtration rate, acute rejection, and
hospital stay. A 9-star system by Newcastle-Ottawa
Scale was used for assessing the quality of cohort stud-
ies. The full score was 9 stars, and the high-quality
study was defined as a study with >7 stars [18].

Statistical analysis

Previously reported indirect methods were used for
extracting the logHR and variance due to the paucity of

prognostic literature, which reported these values dir-
ectly [19]. These values were calculated from either the
hazard ratios or 95% Cls where quoted, the log-rank
p-values, or the Kaplan-Meier survival curves directly.
The weighted mean difference (WMD) and 95% Cls
were calculated for the continuous data, and the rela-
tive risk (RR) and 95% confidence intervals for the
dichotomous data. The heterogeneity of the studies
was assessed using the Cochran’s Q test and quantified
by the I statistic (I* more than 50% was considered sig-
nificant). Both fixed-effects (Mantel-Haenszel) and ran-
dome-effects (Der Simonian and Laird) models were
used to combine the data (the random-effects model
was used if heterogeneity was significant for /> > 50%).
The relative influence of each study on the pooled esti-
mate was assessed by omitting one study at a time for
sensitivity analysis. Publication bias was evaluated by
visual inspection of symmetry of Begg's funnel plot and
assessment of Egger’s test (p < .05 was regarded as rep-
resentative of statistical significance). Statistical analyses
were done with the Stata software, version 12.0 (Stata
Corp., TX, USA), and all tests were two sided.

Results
Characteristics of the studies

The initial search returned a total of 179 studies (177
from database searches and 2 from manual retrieval), of
which 58 were excluded for being duplications among
databases. Subsequently, 75 irrelevant studies were
excluded by screening abstracts, and 21 studies were
excluded by publication types of studies were letter,
review, or meta-analysis. After full-text reading, 11
articles were deemed unsuitable and therefore
excluded, so 14 studies [10-12,15,20-29] were identi-
fied to be included for quantitative analysis. Two of
these studies [10,23] investigated donors in two differ-
ent groups (standard criteria donor, SCD and expanded
criteria donor, ECD), and the data were analyzed separ-
ately for each group. Therefore, they were analyzed as
four subgroups. Finally, the 14 studies composed of
15,345 donors were incorporated into the present
meta-analysis. The flowchart of the selection of studies
and reasons for exclusion are presented in Figure 1.
The main characteristics of the eligible studies are
shown in Table 1. All the included studies were cohort
studies, and most of the patients were from developed
countries and over 18years old. The follow-up interval
ranged from 6 to 120 months. The methodological qual-
ity of cohort studies included in the meta-analysis is
shown in Table 2. For all the cohort studies are uncon-
trolled, and some unadjusted data extracted from
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Figure 1. Flow diagram of identification of studies.
Kaplan—-Meier survival curves directly thus increased the DGF:  Thirteen studies [10-12,15,20,21,23-29]

risk of bias. The quality of the cohort studies included
in the meta-analysis was not generally high: nine stud-
ies had six stars, and five studies had seven stars.

Quantitative synthesis

Allograft survival: Nine studies [10,12,20-23,26,28,29]
explored the prognostic survival benefit of kidney trans-
plantation. Pooled analysis was performed with the
available data on the correlation between AKI and allo-
graft survival. No significant difference in allograft sur-
vival was found on comparing the AKI group with the
non-AKI group (HR=1.16, 95% Cl=0.99-1.37,
Pheterogeneity =0.238,  °=21.6%) at 12months to
120 months after kidney transplantation (Figure 2(A)).

Hospital stay time: Two studies [23,26] explored the
length of hospital stay after kidney transplantation.
This outcome is used to describe the duration of a sin-
gle episode of hospitalization, calculated by
subtracting day of admission from day of discharge.
The pooled results showed that the time of hospital
stay was significantly longer in the AKI group than in
the non-AKl group (WMD =249, 95% Cl=1.06-3.92,
Pheterogeneity = 0.458, I = 0%) (Figure 2(B)).

explored the incidence of DGF after kidney transplant-
ation, which was defined as at least one dialysis treat-
ment required in the first week after transplantation
[28]. The pooled results showed that the incidence of
DGF was significantly higher in the AKI group than in
the non-AKI group (RR=1.76, 95% Cl=1.52-2.04,
Pheterogeneity < 0.001, ¥ =71.2%) (Figure 3(A)).

Estimated glomerular filtration rate (eGFR) : Six stud-
ies [10,12,23-25,29] explored the eGFR after kidney
transplantation, which describes the flow rate of
filtered fluid through the kidney. No significant
difference in the improvement of eGFR at 1year was
found on comparing the AKI group with the non-
AKI  group (WMD=-1.53, 95% Cl=-3.54-0.49,
Pheterogeneity = 0.064, IF = 47.6%) (Figure 3(B)).

Primary nonfunction (PNF): Three studies [21,23,28]
including explored the incidence of PNF after
kidney transplantation, which is also an index of
kidney dysfunction. The pooled results showed no sig-
nificant difference in the incidence of PNF between the
two groups (RR=1.09, 95% (Cl=0.84-1.42,
Pheterogeneity = 0.949, I = 0%) (Figure 3(C)).

Acute rejection: Five studies [10,15,24-26] including
explored the incidence of acute rejection after kidney
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Table 2. Methodological quality of cohort studies included in the meta-analysis®.

Selection Outcome of Follow-up
Representativeness  of the interest not present Control for long enough Adequacy of
of the exposed unexposed Ascertainment  at the start of important factor  Outcome for outcomes follow-up Total quality
First author cohort cohort  of exposure the study or additional factor assessment  to occur of cohorts scores
Rodrigo/2010 * * * * — * * — 5
Kolonko/2011 * * * * — * * * 6
Farney/2013 * * * * — * * * 6
Jung/2013 * * * * — * * * 6
Jacobi/2014 * * * * — * * * 6
Lee/2014 * * * * — * * — 5
Yu/2014 * * * * — * * * 6
Yuan/2014 * * * * — * * * 6
ALI/2015 * * * * — * * * 6
Benck/2015 * * * * — * * — 5
Hall/2015 * * * * — * * * 6
Heilman/2015 * * * * — * * * 6
Boffa/2015 * * * * — * * — 5
Kim/2015 * * * * — * * — 5

?A study could be awarded a maximum of one star for each item except for the item. Control for important factor or additional factor.

(A) Study %
D HR (95% CI) Waeight
Kolonko (2011) : 7.95 (0.91, 69.15) 0.58
1
Famey (2013) ———— 1.40 (0.71, 2.77) 5.90
Jung (2013) t 0.50 (0.05, 5.55) 049
1
Jacobi-S (2014) —-i—o— 4.68 (0.82, 26.59) 0.90
Jacobi-E (2014) —*:—-— 2.08 (0.82, 5.31) 3.13
Lee (2014) —_——— 2.72(0.62, 11.90) 1.25
ALl (2015) —~4— 0.83 (0.41, 1.67) 554
Heilman-S (2015) —-0-‘:- 0.75(0.39, 1.32) 7.35
Heilman-E (2015) _ 0.63 (0.10, 2.11) 1.18
Boffa (2017) - 1.17 (0.96, 1.42) 71.29
Kim (2017) —odl— 0.90 (0.31, 2.63) 239
Overall (l-squared = 21.6%, p = 0.238) 0 1.16 (0.99, 1.37) 100.00
i
I " ]
0145 AKI 1 Non-AKI 9.2
(B)
Study %
D WMD (95% CI) Weight
Jacobi-S (2014) —v—-— 0.10 (-3.95, 4.15) 12,52
Jacobi-E (2014) 3.50 (-3.81, 10.81) 3.85
ALI (2015) —_— 2.80 (1.23, 4.37) 83.63
Overall (l-squared = 0.0%, p = 0.458) O 2.49 (1.08, 3.92) 100.00
I I

-108 AKI © Non-AKI 108

Figure 2. Forest plots showing the allograft survival and hospital stay after kidney transplantation in the AKI and non-AKI groups.
(A) Allograft survival; (B) hospital stay.
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(A) sy % (B)
D RR(95% Cl}  Weight Study %
Rodrigo (2010) —_— 1.73(119,252) 7.21 ™ WMD (95% CI) Waight
Kolonka (2011) R 1.20 (0.51, 2.81) 245 ;
Famey (2013) — 1.49(1.08,2.05) 8.27 Jacobi-5 (2014) —_— .50 (-7.74, 4.74) 1047
Jacobi-S (2014) R 1.50 {0.83, 2.71) 4.27 '
JacobiE (2014) il : 120 (0,70, 2.08) 4.81 Jacobi-E (2014) —F— -0.10 (-5.26, 5.06) 15.30
Lee (2014) j———=—— 3.38(1.85,6.18) 4.15 Lea (2014) _ 420 (-11.74,3.34) 718
Yu (2014) ———=———  224{1.15,4.38) 360 !
Yuan (2014) —_— 166 (0.73,3.75) 283 e » ] ML A
AL {2015) e 163 (1.16,2.20) 793 Yuan (2014} — 2701850, 3.10) 1212
Benck (2015) —_—— 1.53 (0,88, 2.68) 4.61 i H
Hall (2015) __-__ 1.48 (1,32, 1.66) 12.56 Hedrnan-S (2015) ; ——— 2.30(-1.55, 8.15) 2747
Heilman-S (2015) | = 2.46 (2,03, 2.98) 11.12 Hedman-E (2015} _.__"_ 4,50 (4,84, 13.84) 487
Heilman-E (2015) —_— 274 (1.90, 3.95) 7.39 '
' Kim (2017) —_— -6.06 (-10.61, -1.51) 19.63
Boffa (2017) = 1.42(1.32,153) 1318 '
Kim (2017} —_— 2.08(1.31,3.20) 583 Overall (lsquared = 47 8%, p = 0,084} <> 1,53 (3,54, 0.45) 100,00
Overall (-squared = 71.2%, p = 0.000) <> 1.76 {152, 2.04) 100.00 !
NOTE: Weights are from random effects ahalysis |
T T T T
482 AKI T Non-AKI e2 N2 AKI © Non-AKI =5
(C) (D) study %
Study * D RR (95% Cl}  Weight
D RR (95% CI) Weight ) |
Rodrigo (2010) - 0.87 (0.49, 1.57) 19.64
Famey (2013} 142(0.23,546) 277 Yu (2014) T 1.40 (0.48, 4.09) 3.88
4 —_——
Jacobi-S (2014) 175(020,1508) 1.01 D e ; 1.24 (0.32, 4.84) 3.48
! ALI (2015) - 1.37 (0.81, 2.32) 20.56
Jacobi-E (2014) e 1.35(045,3980) 471 '
Heilman-S (2015) = 0.69 (0.44, 1.08) 45.64
Boffa (2017) — 1.07 (081, 1.41) 9151 ]
; Heilman-E (2015) f— 0.13 (0.01, 2.13) 6.80
Overall {|-squared = 0.0%, p = 0.949) :> 1.08(0.84,1.42)  100.00 Overall (l-squared = 24.4%, p = 0,251) C 0.87 (0.66, 1.15) 100.00
2 H 5 T
0664 AKI 1 Non-AKI 15.2 005 AKI 1 MNon-AKI 119

Figure 3. Comparison of clinical outcomes in allograft function after kidney transplantation between the AKI and non-AKI groups.
(A) DGF; (B) eGFR; (C) PNF; (D) acute rejection.

(A) Funnel piot with pseudo 95% confidence imits (B) Funnel plot with pseudo 95% confidence limits (C) Funnel piot with pseudo 95% confidence imits
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Figure 4. Funnel plot for publication bias test. Each point represents a separate study for the indicated association. (A) Allograft

survival; (B) DGF; (C) eGFR.

transplantation, which is a risk of organ failure. The
pooled results showed no significant difference in the
incidence of acute rejection between the two groups
(RR=0.87, 95% Cl=0.66-1.15, Pheterogeneity=0.251,
P = 24.4%) (Figure 3(D)).

Sensitive analysis

Sensitivity analyses were performed to assess the influ-
ence of individual dataset on the pooled results by
sequentially removing each eligible study. The overall
statistical significance did not change when any single
study was omitted, indicating that the results were stat-
istically robust.

Publication bias

Finally, the Egger’s regression test showed no evidence
of asymmetrical distribution in the funnel plot in the
allograft survival (Begg's test p=.213; Egger's test
p =.482), the incidence of DGF (Begg's test p=.692;
Egger's test p=.102), and the eGFR (Begg's test
p =.536; Egger’s test p= .411) (Figure 4).

Discussion

AKl is frequently detected in deceased donors. It can be
associated with adverse clinical outcomes in corre-
sponding kidney transplant recipients. This novel



systematic review and meta-analysis examined whether
AKI in donors would impact recipient survival after
renal transplantation. No significant difference in allo-
graft survival was found on comparing the AKI group
with the non-AKI group. However, the pooled results
showed that the time of hospital stay was significantly
longer and the incidence of DGF was significantly
higher in the AKI group than in the non-AKI group.
Besides, no significant difference was observed in eGFR,
incidence of PNF, and acute rejection between the
two groups.

Heterogeneity is a potential problem when interpret-
ing the results of meta-analyses. In this meta-analysis,
heterogeneity was found in DGF analyses. Therefore,
the randome-effects model was used. With sensitivity
analysis, the estimated pooled RR did not change sig-
nificantly, enhancing the reliability in the results of the
present study. DGF is an important determinant of
patient and graft survival. A complex of pathologic
mechanisms intervenes in the pathophysiology of this
outcome. Some factors, such as donor tissue quality,
brain death and related stress, preservation variables,
immune factors, and recipient variables, have an impact
on DGF [30].

Transplantation remains the treatment option for
patients with end-stage renal failure. The need to
expand the donor pool with the increase in the number
of patients has inevitably led to receiving organs, which
are considered ‘marginal’. In many European national or
international organ-sharing systems, the current prac-
tice is not to accept donor kidneys with AKI due to a
perceived adverse outcome and goes back to dialysis
after transplantation. This systematic review and meta-
analysis demonstrated no significant difference in allo-
graft survival between the AKI and non-AKI groups. The
results of previous studies suggested that DGF might
be a risk factor for early acute rejection [31,32]. In this
study, an increased risk of acute rejection was not
observed despite the higher rate of DGF in the AKI
group, and the time of hospital stay was found to be
significantly longer in the AKI group than in the non-
AKI group.

In native kidneys, AKI severity is often associated
with poor clinical outcomes, including the development
of chronic kidney disease and end-stage renal disease
[33]. DGF as a known risk factor of poor graft function
and survival could be used in assessing the hazard of
severe AKI patients undergoing kidney transplantation
[34-36]. Based on prior evidence, it seems reasonable
to assume that even in organ transport, donor kidney
damage occurs early and completely in the ischemic
period and can have some deleterious effects. Recently,
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Hall et al. [11] observed no detrimental effect of donor
AKI on an objective measure of allograft function at 6-
month post-transplant, providing reasonable and reli-
able evidence in support of the current clinical practice
for using these kidneys with AKI.

Further, some limitations in the present meta-ana-
lysis should be acknowledged in interpreting the
results. First, this systematic review and meta-analysis
included only cohort studies and not all the studies
described the needed information thoroughly and
accurately. A second potential limitation was that the
number of studies for analyzing some parameters was
small, reducing the statistical power. Third, the follow-
up time varied greatly among the 16 studies (ranging
from 6 months to 120 months) and limited the assess-
ment of long-term clinical effects of kidney transplant-
ation from donors with AKI. Forth, cold ischemia time
(CIT), as a risk factor of graft failure and mortality in kid-
ney transplant recipients, was not performed a sub-
group analysis for insufficient data among the included
studies. Fifth, all included study provided unadjusted
result. The pooled analysis of unadjusted data will be
confounded by difference in AKI and non-AKI donor.

Finally, although extracted HRs and 95% Cls were
extracted using the strategies reported by Tierney et al.
[19], the data calculated from the Kaplan-Meier curve
might not be as precise as obtaining data directly from
the original study.

In conclusion, despite the limitations, this meta-ana-
lysis confirmed even though hospital stay time was lon-
ger and the incidence of DGF was significantly higher
in the AKI group, there is no significant difference in
allograft survival between the two groups. Further well-
designed studies with larger sample size and longer
period of follow-up are required to assess the long-
term clinical effects of kidney transplantation from
donors with AKI.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[11  Merrill JP, Murray JE, Harrison JH, et al. Successful
homotransplantation of the human kidney between
identical twins. J Am Med Assoc. 1956;160:277-282.

[2] Starzl TE. Landmark perspective: the landmark identi-
cal twin case. JAMA. 1984;251:2572-2573.

[31 Medin C, Elinder CG, Hylander B, et al. Survival of
patients who have been on a waiting list for renal
transplantation. Nephrol Dial Transplant. 2000;15:
701-704.



656 Y.-T. ZHENG ET AL.

(4]

[5]

(6]

[7]

(8l

)

[10]

(11l

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Matas AJ, Smith JM, Skeans MA, et al. OPTN/SRTR
2013 annual data report: kidney. Am J Transplant.
2015;15Suppl: 1-34.

Wetmore JB, Collins AJ. Global challenges posed by
the growth of end-stage renal disease. Renal
Replacement Ther. 2016;2:1-7.

Kurella TM. Incidence, management, and outcomes of
end-stage renal disease in the elderly. Curr Opin
Nephrol Hypertens. 2009;18:252-257.

Organ procurement and transplantation network and
scientific registry of transplant recipients 2010 data
report. Am J Transplant. 2012;12Suppl: 1-156.

Saran R, Li Y, Robinson B, et al. US renal data system
2014 annual data report: epidemiology of kidney dis-
ease in the united states. Am J Kidney Dis. 2015;66:
Svii, S1-5305.

Aubert O, Kamar N, Vernerey D, et al. Long term out-
comes of transplantation using kidneys from
expanded criteria donors: prospective, population
based cohort study. BMJ. 2015;351:h3557.

Heilman RL, Smith ML, Kurian SM, et al. Transplanting
kidneys from deceased donors with severe acute kid-
ney injury. Am J Transplant. 2015;15:2143-2151.

Hall IE, Schroppel B, Doshi MD, et al. Associations of
deceased donor kidney injury with kidney discard and
function after transplantation. Am J Transplant. 2015;
15:1623-1631.

Lee MH, Jeong EG, Chang JY, et al. Clinical outcome
of kidney transplantation from deceased donors with
acute kidney injury by Acute Kidney Injury Network
criteria. J Crit Care. 2014;29:432-437.

Dahmane D, Audard V, Hiesse C, et al. Retrospective
follow-up of transplantation of kidneys from ‘marginal’
donors. Kidney Int. 2006;69:546-552.

Anil Kumar MS, Khan SM, Jaglan S, et al. Successful
transplantation of kidneys from deceased donors with
acute renal failure: three-year results. Transplantation
2006;82:1640-1645.

Rodrigo E, Minambres E, Pinera C, et al. Using RIFLE
criteria to evaluate acute kidney injury in brain-
deceased kidney donors. Nephrol Dial Transplant.
2010;25:1531-1537.

Kim JM, Kim SJ, Joh JW, et al. Kidneys from deceased
donors with oliguria are feasible for kidney transplant-
ation. Transplant Proc. 2011;43:2355-2358.

Moher D, Liberati A, Tetzlaff J, et al. Preferred report-
ing items for systematic reviews and meta-analyses:
the PRISMA statement. Ann Intern Med. 2009;151:
264-269. w264.

Stang A. Critical evaluation of the Newcastle-Ottawa
scale for the assessment of the quality of nonrandom-
ized studies in meta-analyses. Eur J Epidemiol. 2010;
25:603-605.

Tierney JF, Stewart LA, Ghersi D, et al. Practical meth-
ods for incorporating summary time-to-event data
into meta-analysis. Trials. 2007;8(1):16.

Kolonko A, Chudek J, Pawlik A, et al. Acute kidney
injury before organ procurement is associated with

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31]

32]

[33]

[34]

[35]

[36]

worse long-term kidney graft outcome. Transplant
Proc. 2011;43:2871-2874.

Farney AC, Rogers J, Orlando G, et al. Evolving experi-
ence using kidneys from deceased donors with ter-
minal acute kidney injury. J Am Coll Surg. 2013;216:
645-655. discussion 655-646.

Jung CW, Park KT, Kim SY, et al. Clinical outcomes in
kidney transplantation patients from deceased donors
with acute kidney injury. Transplant Proc. 2013;45:
2941-2945.

Jacobi J, Rebhan D, Heller K, et al. Donor acute kidney
injury and short-term graft outcome in renal trans-
plantation. Clin Transplant. 2014;28:1131-1141.

Yu CC, Ho HC, Yu TM, et al. Kidneys from standard-cri-
teria donors with different severities of terminal acute
kidney injury. Transplant Proc. 2014;46:3335-3338.
Yuan XP, Han M, Wang XP, et al. Kidney transplant-
ation from cardiac death donors with terminal acute
renal failure. Transplant Proc. 2014;46:1057-1060.

Ali T, Dimassi W, Elgamal H, et al. Outcomes of kid-
neys utilized from deceased donors with severe acute
kidney injury. QJM. 2015;108:803-811.

Benck U, Schnuelle P, Kruger B, et al. Excellent graft
and patient survival after renal transplantation from
donors after brain death with acute kidney injury: a
case-control study. Int Urol Nephrol. 2015;47:
2039-2046.

Boffa C, van de Leemkolk F, Curnow E, et al.
Transplantation of kidneys from donors with acute
kidney injury: friend or foe? Am J Transplant. 2017;17:
411-419.

Kim JH, Kim YS, Choi MS, et al. Prediction of clinical
outcomes after kidney transplantation from deceased
donors with acute kidney injury: a comparison of the
KDIGO and AKIN criteria. BMC Nephrol 2017;18(1):39.
Boom H, Paul LC, Fijter JWD. Delayed graft function in
renal transplantation. Transplant Rev. 2004;18:
139-152.

Troppmann C, Gillingham KJ, Benedetti E, et al.
Delayed graft function, acute rejection, and outcome
after cadaver renal transplantation. Multivariate Anal
Transplantation. 1995;59:962-968.

Ojo AO, Wolfe RA, Held PJ, et al. Delayed graft func-
tion: risk factors and implications for renal allograft
survival. Transplantation. 1997;63:968-974.

Wald R, Quinn RR, Luo J, et al. Chronic dialysis and
death among survivors of acute kidney injury requir-
ing dialysis. JAMA. 2009;302:1179-1185.

Siedlecki A, Irish W, Brennan DC. Delayed graft func-
tion in the kidney transplant. Am J Transplant. 2011;
11:2279-2296.

Yarlagadda SG, Coca SG, Formica RN, Jr, et al.
Association between delayed graft function and allo-
graft and patient survival: a systematic review and
meta-analysis. Nephrol Dial Transplant. 2008;24:
1039-1047.

Moers C, Pirenne J, Paul A, et al. Machine perfusion or
cold storage in deceased-donor kidney transplant-
ation. N Engl J Med. 2012;366:770-771.



	Abstract
	Introduction
	Materials and methods
	Search strategy
	Selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Characteristics of the studies
	Quantitative synthesis
	Sensitive analysis
	Publication bias

	Discussion
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


