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Abstract: Studies have been carried out to investigate the effect of a prolonged cold ischaemia time
(CIT) on the outcomes of living donor kidney transplantation (LDKT). There is no clear consensus in
the literature about the effects of CIT on LDKT outcomes, and therefore, we performed a systematic
review and meta-analysis to provide evidence on this subject. Searches were performed in five
databases up to 12 July 2021. Articles comparing different CIT in LDKT describing delayed graft
function (DGF), graft and patient survival, and acute rejection were considered for inclusion. This
study is registered with PROSPERO, CRD42019131438. In total, 1452 articles were found, of which
eight were finally eligible, including a total of 164,179 patients. Meta-analyses showed significantly
lower incidence of DGF (odds ratio (OR) = 0.61, p < 0.01), and significantly higher 1-year graft survival
(OR = 0.72, p < 0.001) and 5-year graft survival (OR = 0.88, p = 0.04), for CIT of less than 4 h. Our results
underline the need to keep CIT as short as possible in LDKT (ideally < 4 h), as a shorter CIT in LDKT is
associated with a statistically significant lower incidence of DGF and higher graft survival compared
to a prolonged CIT. However, clinical impact seems limited, and therefore, in LDKT programmes in
which the CIT might be prolonged, such as kidney exchange programmes, the benefits outweigh the
risks. To minimize these risks, it is worth considering including CIT in kidney allocation algorithms
and in general take precautions to protect high risk donor/recipient combinations.

Keywords: kidney transplantation; cold ischemia time; living donors

1. Introduction

The best therapy for patients with end-stage renal disease (ESRD) is kidney transplan-
tation. Not only does kidney transplantation reduce the risk of morbidity and mortality
and is associated with a better quality of life, but it also has superior outcomes compared
to other forms of renal replacement therapy [1–3]. Unfortunately, kidney transplantation is
not readily available for all ESRD patients in need due to donor organ shortage; although
the waiting list for patients with ESRD is decreasing and the number of transplantations
is increasing, only around 46% of patients on the waiting list received a donor kidney in
2019–2020 in the United Kingdom. Furthermore, during this period, 285 ESRD patients (4%)
did not survive whilst on the waiting list [4]. To counter this problem, several therapies
and strategies have been implemented to improve the availability of kidney grafts and the
number of transplantations.

Over the years, living donor kidney transplantation (LDKT) has proved superior to
deceased donor kidney transplantation (DDKT) [5–7], especially as it facilitates pre-emptive
transplantation [8]. One of the other many benefits of LDKT is that the cold ischaemia
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time (CIT) is shorter since generally donor and recipient operations happen in the same
centre and on the same day. Transplant professionals feel that this is important since a
shorter CIT leads to what is believed to be a better outcome in the recipient [9–11]. This
principle is based on the outcomes of CIT in the deceased donor kidney transplantation
literature; we know that a short CIT is associated with better transplant outcomes [9,10],
and prolonged CIT is strongly correlated with a higher incidence of delayed graft function
(DGF) [12–15] and a possible impact of CIT leading to a higher incidence of graft failure
and graft loss [12,16–19].

To expand the options of having LDKT for patients with incompatible donors, kidney
exchange programmes were introduced. The first national Kidney Exchange Programme
(KEP) in Europe was the Crossover Kidney Transplantation Programme started in 2003
in the Netherlands [20,21]. It uses an algorithm to provide live donor kidneys to people
with ESRD that cannot receive a kidney from their potential donor because of AB0 in-
compatibility or donor-specific antibodies. In April 2007, the United Kingdom initiated
the UK Living Kidney Sharing Scheme (UKLKSS) to match incompatible recipients to an
appropriate kidney donor [22]. In this system, the donor kidney might be transported from
one centre to another, which is associated with longer anticipated CIT, in contrast to kidney
exchange programmes in the Netherlands and Canada, where the donor travels to the
recipient centre where both live donor nephrectomy and transplant operations take place
with CIT comparable to direct LDKT.

To investigate and understand the impact of a longer CIT in LDKT, a comprehensive
review is needed to analyse the available data since literature on this topic is limited. With
the current study, we hope to provide the highest level of evidence and recommendations.

2. Materials and Methods

All aspects of the Cochrane Handbook for Interventional Systematic Reviews were
followed, and the manuscript was written according to the PRISMA statement [23,24].
The systematic review protocol has been registered with the PROSPERO International
prospective register of systematic reviews database (PROSPERO registration number:
CRD42019131438, https://www.crd.york.ac.uk/PROSPEROFILES/131438_PROTOCOL_
20190407.pdf, accessed on 12 July 2021)

2.1. Literature Search Strategy

Comprehensive searches were carried out in Embase, MEDLINE OvidSP, CENTRAL
(The Cochrane Library 2019, Issue 2), Web of Science and Google Scholar 100 top-ranked
comparing prolonged CIT to short CIT on outcomes of LDKT. The search was performed
for articles published up to 12 July 2021. Search terms for each search engine are provided
in Appendix A. Manual reference checks in included papers were performed to check for
potentially missing studies.

2.2. Outcome Parameters

Our initial outcome parameters were clinical parameters consisting of the following:
DGF (defined as the need for dialysis in the first week after transplantation), 1- and 5-year
graft survival, 1- and 5-year patient survival, acute rejection, serum creatinine, urine output,
and graft function (expressed as estimated glomerular filtration rate (eGFR)).

2.3. Literature Screening

Eligibility was independently assessed for each study by two reviewers (SCvdL, JAL).
First, studies were in- or excluded based on title and abstract. If a paper was included, the
full text was read and considered whether the study met the inclusion criteria. We used
predefined exclusion criteria: case reports, letters, editorials, case series, animal studies,
paediatric studies (under the age of 18), papers not written in English, or if the abstract
revealed no relevance to the subject. Second, studies analysing one or more of the outcome
measures in different CIT categories were included. By this, we mean that studies should
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compare CIT at different time periods, for instance: 0–2 h, 2–4 h, 4–6 h, etc., or use of a
predefined cut-off point of CIT. If any discrepancies in inclusion or exclusion occurred, a
senior investigator (FJMFD) was consulted.

2.4. Data Extraction and Critical Appraisal

Risk of bias was assessed with the risk of bias in non-randomized studies of interven-
tions (ROBINS-I) tool [25]. The level of evidence of each outcome was established using
the GRADE tool [26]. The GRADE approach defines the quality of a body of evidence
by considering the within-study risk of bias (methodological quality), the directness of
evidence, heterogeneity, the precision of effect estimates, and the risk of publication bias
(Appendix B).

2.5. Statistical Analysis

Meta-analyses were performed in line with recommendations from the Cochrane
Collaboration and Meta-analysis of Observable Studies in Epidemiological guidelines [27]
and were performed using Review Manager version 5.3 (The Nordic Cochrane Centre,
Copenhagen, Denmark) [28]. Continuous variables in baseline characteristics were reported
with the group mean weighted for the number of patients. Significance was calculated via
unpaired T test with normal distribution assumed based on the range or standard deviation.
We used random-effects models to account for possible clinical heterogeneity. Overall effects
were determined using the Z test; 95% confidence intervals were given, and p < 0.05 was
considered statistically significant. The Mantel–Haenszel analysis method was used with
calculation of the overall effect using the Z test. Three methods assessed heterogeneity
between studies. First, a Tau2 test and a χ2 test were performed for statistical heterogeneity,
with a p < 0.1 being considered statistically significant. Second, I2 statistics were used to
assess clinical heterogeneity, where an I2 of 0% to 40% is considered low heterogeneity, 30%
to 60% as moderate heterogeneity, 50% to 90% as substantial heterogeneity, and 75% to
100% as considerable heterogeneity [24].

3. Results
3.1. Literature Search Results

In the initial search, we identified 1452 articles, and after deduplication, 931 unique
articles remained. Subsequently, after screening titles and abstracts, 91 articles remained for full
text screening. We identified eight comparative studies for our systematic review across three
continents (Europe, North America, and Australia) with a total of 164,179 patients [11,29–35].
Five studies were included in the quantitative synthesis [11,29–31,35] and three studies were
excluded because they did not provide a range in CIT [32,33] or used a continuous CIT
instead of CIT intervals [34]. Figure 1 represents the PRISMA flow diagram for systematic
reviews, and study characteristics included in this systematic review are described in
Table 1. The baseline characteristics of the patients included in the meta-analysis are shown
in Table 2.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Review’s and Meta-Analysis) 
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Review’s and Meta-Analysis) flowchart
of the systematic review search.



J. Clin. Med. 2022, 11, 1620 5 of 21

Table 1. Overview of the included studies in the systematic review.

Year of
Publication Country

Study
Design
(Trial)

Intervention
(n) Control (n) Total

Patients Follow-Up Study
Outcomes

ROBINS-I
Tool (Risk

of Bias)

Gill 2017 United
States retrospective 4–16 h

(2562)
0–4 h

(45,936) 48,498 m 4.53 year DGF, GS moderate

Krishnan 2016
Australia
and New
Zealand

retrospective >4–8 h
(224)

1–4 h
(3493) 3717 m 6.6 year DGF, AR, eGFR,

GS, Mor, GF moderate

Nassiri 2020 United
States retrospective >16 h

(141)
<16 h
(2222) 2363 up to 7 years DGF, DCGF moderate

Nath 2016 United
Kingdom retrospective >4–8 h

(1842)
0–4 h
(7314) 9156 -

GS (1, 3, 5 y),
DGF, sCreat, PS,

AR
moderate

Redfield 2016 United
States retrospective DGF

(2282)
no-DGF
(61,760) 64,042

median
6noDGF, 4DGF

days
DGF moderate

Roodnat 2003 The
Netherlands prospective ≥12 h <12 h 243 ≥1 year PS, GS, Mor moderate

Segev 2011 United
States prospective ≥8 h

(24)
<8 h
(23) 56 - UO moderate

Simpkins 2007 United
States retrospective 4–8 h

(1077)
0–4 h

(37,390) 38,467 ≥1 year
PS, GF, sCreat1y,

DGF1w, AR1y,
GS10y

moderate

DGF: delayed graft function; GS: graft survival; AR: acute rejection; eGFR: estimated glomular filtration rate; Mor:
mortality; GF: graft function; sCreat: serum creatinine; PS: patient survival; UO: urine output; Creat: creatinine.

Table 2. Baseline characteristics of patients included in meta-analysis.

Studies
0–4 h of CIT 4–8 h of CIT

p Value
n n

Recipient age (mean (SD)) 4 [11,30,31,35] 62,126 45.40
(2.82) 4737 45.27

(4.12) 0.92

Recipient sex (male) (%) 4 [11,30,31,35] 62,126 49.80 4737 53.99 0.92
Pre-emptive KTx (%) 3 [11,30,31] 56,744 12.28 3652 26.09 0.51

Donor age (mean (SD)) 3 [11,30,31] 56,744 42.57
(4.22) 3652 41.90

(3.15) 0.94

Donor sex (male) (%) 3 [11,30,31] 56,744 39.87 3652 41.90 0.99
HLA-mismatch (1–3) (%) 2 [11,31] 53,251 46.31 3428 58.13 0.99
HLA-mismatch (4–6) (%) 2 [11,31] 53,251 41.81 3428 39.33 0.82

Diabetes ESRD (%) 4 [11,30,31,35] 62,126 18.30 4737 15.15 1.00
Peak PRA = 0 (%) 2 [11,31] 53,251 59.05 3428 47.03 0.06
Peak PRA > 80 (%) 2 [11,31] 53,251 5.93 3428 16.70 0.36

CIT: cold ischaemia time, ESRD: end-stage renal disease, HLA: human leucocyte antigen, PRA: panel reactive
antibody, KTx: kidney transplantation.

3.2. Outcomes
Delayed Graft Function

Gill et al. [11], Krishnan et al. [30], Nassiri et al. [29], Nath et al. [31], and Simpkins
et al. [35] all analysed the incidence of DGF in different CIT intervals. These five studies
combined provided a patient population of 94,693 (92.65%) patients with a CIT of less than
four hours and 7507 (7.35%) with more than four hours. All studies investigated delayed
graft function, and all except one found a significant lower odds ratio (OR) for a CIT of less
than four hours (OR = 0.61, 95% CI, 0.49 to 0.77, p < 0.0001) (Figure 2). In the short CIT
group, 4293 (4.53%) patients presented with DGF, while the prolonged CIT cohort included
508 (6.77%) patients with DGF.



J. Clin. Med. 2022, 11, 1620 6 of 21J. Clin. Med. 2022, 11, x FOR PEER REVIEW 6 of 23 
 

 

 
Figure 2. The incidence of DGF for CIT shorter and longer than 4 h. CIT: cold ischaemia time; DGF: 
delayed graft function. 

 
Figure 3. The incidence of DGF in 0–2 h (reference) of CIT versus 2–4, 4–6 and 6–8 h of CIT. CIT: 
cold ischaemia time; DGF: delayed graft function. 

Two studies could not be included in the meta-analysis: the study by Redfield et al. 
[32] showed that transplants of patients who had DGF had a longer CIT (2.6 versus 2.2 h, 
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patients in the four to eight hours CIT group had a significantly higher incidence of DGF 
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Figure 2. The incidence of DGF for CIT shorter and longer than 4 h. CIT: cold ischaemia time; DGF:
delayed graft function.

In different analyses, we compared different CIT time-groups to a reference CIT of
zero to two hours. This led to the following OR: compared to two to four hours: OR = 0.89
(95% CI, 0.82 to 0.97, p = 0.01), compared to four to six hours: OR = 0.54 (95% CI, 0.47 to 0.62,
p < 0.001) and compared to six to eight hours: OR = 0.48 (95% CI, 0.41 to 0.56, p < 0.001)
(Figure 3).
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Figure 3. The incidence of DGF in 0–2 h (reference) of CIT versus 2–4, 4–6 and 6–8 h of CIT. CIT: cold
ischaemia time; DGF: delayed graft function.

Two studies could not be included in the meta-analysis: the study by Redfield et al. [32]
showed that transplants of patients who had DGF had a longer CIT (2.6 versus 2.2 h,
p < 0.001) compared to patients who did not develop DGF. Nath et al. [31] found that
patients in the four to eight hours CIT group had a significantly higher incidence of DGF
than those with a CIT of less than two hours, with a mean difference of 3.1 (95% CI 0.8 to
5.5) per cent (p = 0.007). Figure 4 shows a graphical representation of the relation between
CIT and incidence of DGF.
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et al. [11], Krishnan et al. [30], Nath et al. [31] and Simpkins et al. [35]. CIT: cold ischaemia time; DGF:
delayed graft function.

3.3. Graft Survival
3.3.1. One Year

Nath et al. [31] and Simpkins et al. [35] studied 1-year graft survival in different CIT
intervals. These two combined resulted in 44,696 (93.45%) patients with a CIT of less than
four hours and 2927 (6.55%) patients with a CIT of more than four hours. A CIT of less than
four hours is in favour in terms of 1-year graft survival with an OR = 0.72 (95% CI, 0.60
to 0.87, p < 0.001) (Figure 5). A reference CIT of 0–2 h compared to 2–4 h of CIT showed
no significant difference: OR = 0.89 (95% CI, 0.78 to 1.02, p = 0.09. Further, a prolonged
CIT of 4–8 h compared to the reference led to an OR = 0.84 (95% CI, 0.72 to 0.97, p = 0.02)
(Figure 6).
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3.3.2. Five Years

Krishnan et al. [30], Nath et al. [31], Nassiri et al. [29], and Simpkins et al. [35] investi-
gated 5-year graft survival in different CIT intervals. These four studies included 48.757
(94.28%) patients with a CIT of less than four hours and 4.945 (6.14%) patients with more
than four hours of CIT.

All four studies favoured a CIT shorter than four hours compared to a CIT longer than
four hours: OR = 0.88 (95% CI, 0.79 to 0.99, p = 0.04) (Figure 7).
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In different analyses, we compared different CIT time-groups to a reference CIT of
zero to two hours. This led to the following ORs: compared to a CIT of 2–4 h: OR = 1.04
(95% CI, 0.86 to 1.27, p = 0.82), and compared to a CIT of 4–8 h: OR = 0.88 (95% CI, 0.77 to
1.00, p = 0.04) (Figure 8).

3.4. Five-Year Graft Survival Hazard Ratio

Some studies did not include absolute numbers for 5-year graft survival in their results,
but provided hazard ratios only, i.e., Nath et al. [31], and therefore we provided an extra
forest plot with these results. Krishnan et al. [30], Nath et al. [31], Simpkins et al. [35], and
Gill et al. [11] all investigated the hazard ratio of zero to two hours of CIT (reference) versus
two to four and four to eight hours of CIT. In the zero to two hours versus two to four hours
of CIT, we found an HR = 1.04 (95% CI, 0.98 to 1.09, p = 0.22) for graft failure (Figure 9). In
the zero to two hours versus four to eight hours of CIT, we found a HR = 1.20 (95% CI, 1.06
to 1.37, p = 0.006) for graft failure, both in favour of a shorter CIT (Figure 10).
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3.5. Ten-Year Graft Survival

Initially, we did not include ten-year graft survival as an outcome measure. However,
we found that two studies included graft survival follow-up up to ten years [30,35]. A
CIT of less than four hours was not associated with a significant higher graft survival at
ten-year follow-up, OR = 0.84 (95% CI, 0.64 to 1.09, p = 0.19) (Figure 11).
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3.6. Patient Survival

Two studies provided patient survival data for the meta-analysis. Krishnan et al. [30]
and Nath et al. [31] included 1-year patient survival. These two studies combined a total
of 10,753 (83.88%) patients in the CIT shorter versus four hours group and 2066 (16.12%)
patients in the CIT longer versus four hours group. We found a non-significant OR = 0.74
(95% CI, 0.51 to 1.07, p = 0.11) in favour of the shorter CIT (Figure 12). Two studies [30,31]
analysed 5-year patient survival. These two studies combined included a total of 10,807
(83.95%) patients in the CIT shorter than four hours group and 2.66 (16.05%) patients
in the CIT longer than four hours group. Similar to 1-year patient survival, there was
no significant difference in patient survival between both groups (Figure 13): OR = 0.54
(95% CI, 0.20 to 1.45, p = 0.22).
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3.7. Acute Rejection

Krishnan et al. [30], Nath et al. [31], and Simpkins et al. [35] all investigated the impact
of CIT on acute rejection. One article described acute rejection as ‘any rejection or multiple
rejections’, while the other articles do not mention the definition of acute rejection used.
These three studies combined included a total of 48.189 (93.86%) patients in the CIT shorter
than four hours CIT group and 3.151 (6.14%) in the more than four hours CIT group. The
risk of acute rejection was not significantly different between kidney transplantations when
comparing a CIT shorter or longer than four hours: OR = 1.17 (95% CI, 0.86 to 1.58, p = 0.31)
(Figure 14).
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3.8. Kidney Function

Three studies [30,31,35] reported kidney function with no study eligible for inclusion
in the meta-analysis: Krishnan et al. showed that CIT > four hours was associated with a
significantly lower 1-year glomerular filtration rate (GFR): with a CIT of more than four
hours as reference compared to a CIT of 1–2 h led to an OR = −5.79 (95% CI, −9.96 to −1.62,
p = 0.010), and when compared to a CIT of 3–4 h, this led to an OR = −5.12 (95% CI, −9.38
to −0.87, p = 0.017), both in favour of the CIT shorter than four hours. Nath et al. compared
average creatinine levels at 1 year and found that there was no significant difference in
12-month creatinine values between 0–2 h and 2–4 h of CIT (p = 0.094), but patients in
the 4–8 h group had significantly higher values than those with a CIT of less than two
hours, with a mean difference of 3.1% (95% CI, 0.8 to 5.5, p = 0.007). The adjusted average
creatinine levels at 12 months were 122, 124 and 126 µmol/l in the groups with a CIT of
less than 2, 2–4 and 4–8 h, respectively. Simpkins et al. found that there were no statistically
significant differences in 1-year serum creatinine level between recipients in any of the
groups with CIT >2 h and the reference group (p > 0.05 for all comparisons).

3.9. Impact of CIT in Kidney Exchange Programmes (KEP)

Three studies [11,29,30] analysed a subgroup of patients transplanted via a kidney
exchange programme. Krishnan et al. [30] compared, in a sub-analysis, the shipped
Australian paired kidney exchange (AKX) (n = 33) versus the non AKX (n = 1541). Shipping
of the kidney was not associated with DGF (OR (95% CI): 1.40 (0.88–2.40)) and death
censored graft survival up to eight years: HR (95% CI) 0.70 (0.46–1.08). Gill et al. [11]
included data from the Scientific Registry of Transplant Recipients in the United States and
compared shipped (n = 772) versus non-shipped (n = 1651) KEP transplants. In their study,
they found no difference between non-shipped and shipped KEP in terms of rejection,
DGF, death censored graft loss and all-cause mortality. Nassiri et al. [29] included LDKT
facilitated through KEP and compared a CIT ≥ 16 h (n = 141) to a CIT < 16 h (n = 2222); no
significant increased odds ratio in terms of DGF (OR (95% CI: 1.199 (0.585 2.457), p = 0.62)
and death censored graft failure (OR (95% CI): 0.353 (0.087–1.429), p = 0.14) were found.

3.10. Quality and Risk of Bias Assessment

All studies had moderate risk of bias according to the ROBINS-I tool because it was
not possible to completely rule out bias due to confounding in domain I. On almost all
other domains, the studies scored low risk of bias, which means the concluding risk of bias
was moderate in all studies (Table S1). The certainty of outcome and summary of findings,
measured via the GRADE-tool, ranged from low to high. Most studies were assessed as a
moderate certainty of outcome and downgraded for various reasons; these are shown in
Appendix B.

3.11. Publication Bias

We used contour-enhanced funnel plots to investigate the presence of possible publi-
cation bias. In most funnel plots, no evidence of publication bias was found regarding the
outcomes (Figures S1–S13). Only with regard to acute rejection and 5-year patient survival
is there a minimal level of statistical publication bias.

4. Discussion

With this meta-analysis, we aimed to assess the impact of CIT on graft function and
graft survival in LDKT. The discussion about CIT and its potential influence on graft and
patient outcomes of LDKT is topical in a decade where ideas about nationwide, and on a
small scale even international, LDKT exchange programmes are becoming more ambitious
than ever before [36,37]. In the UK, for example, LDKT from the UKLKSS account for 14%
of all LDKT [38]. With kidneys from living donors travelling from donor to recipient centres
across and between countries, long distances are being bridged, CIT will inevitably increase.
In deceased donor kidney transplantation, prolonged CIT is proven to be associated with
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worse transplant outcomes, higher incidence of DGF and a higher incidence of graft failure
and graft loss [9,10,12–19].

The literature thus far has always stated that CIT is not a clinically relevant issue in
LDKT and that living donor kidneys can tolerate even prolonged CIT of >16 h when shipped
between states in the USA for example [29]. Besides an increased importance of kidney
paired exchange programmes with longer CIT compared to direct LDKT, living donor
kidneys include more expanded criteria donors which may impact graft outcomes [39].
These expanded criteria donor kidneys might be more sensitive to prolonged CIT compared
to standard criteria living donor kidneys.

LDKT recipients in kidney paired exchange programmes implicitly are higher risk
recipients compared to recipients in non-kidney paired exchange LDKT; the KEP group
consists of more highly sensitized patients, higher donor and recipient age, more human
leucocyte antigen (HLA) antibodies, more retransplantations, longer waiting time before
transplantation, and therefore a longer period of dialysis and less pre-emptive transplanta-
tion [38]. This theoretically would result in a higher risk of complications, impacting graft
and patient survival. However, the study found no difference in graft survival between
KEP and non-KEP, only a significant difference in DGF. When focussing on CIT, we recently
found (van de Laar et al. [38]) in a large UK cohort (n = 9967) that graft survival remains
excellent even in the group with a CIT > 10 h in LDKT and found a beneficial impact of a
CIT of 0–2 h in non-KEP LDKT. The incidence of DGF in this study was, comparable with
our findings in the meta-analysis, significantly higher in LDKT with a prolonged CIT.

Our data show an adverse effect of a CIT longer than four hours on the risk of DGF
and a decrease in the 1- and 5-year graft survival of kidney grafts after LDKT significantly,
favouring a CIT of less than four hours. To put those outcomes into perspective: the
numbers needed to treat would be 50 for DGF and 35 for 5-year graft survival. We have
demonstrated a marginal impact of CIT on graft survival and graft quality and hope that
these findings will contribute to the expansion of KEPs and provide evidence to support
international collaboration in KEPs. We should keep in mind that patients or transplant
professionals should not be discouraged to accept a kidney with prolonged CIT, and results
should not lead to fewer transplant opportunities for patients. As shown in the study
above [38], results of LDKT outperform deceased donor kidneys even with prolonged CIT.
However, these outcomes still might be optimized since a higher incidence of DGF leads to
a longer hospital stay which may result in less quality of life for the patient and increased
costs per kidney transplant such as in DDKT [40,41].

Multiple strategies could be implemented to shorten the CIT in LDKT; the most
effective would be simultaneous live donor nephrectomy and LDKT in case of direct
donation. In this case, there is hardly any clinically relevant CIT. However, many centres
cannot organize this, given the need for two theatres which are not utilized at maximum
efficiency to enable simultaneous donor and recipient surgery, and this is the reason most
centres default to consecutive living donor nephrectomy and LDKT. In case of kidney paired
exchange, there are other differences besides simultaneous versus consecutive surgery. In
many kidney exchange programmes or kidney sharing schemes, the kidney travels from
the donor centre to the recipient centre (as described in our recent study [38]), which
obviously leads to increased CIT compared to LDKT not transplanted via a kidney sharing
scheme. A strategy to keep the CIT to a minimum would be for the donor nephrectomy
to be carried out in the same centre as the transplant, as practiced in the Netherlands and
Canada, amongst others. In case of LDKT, this is relatively easy to facilitate, since live
donors are healthy people who are perfectly capable of travelling (if willingly), with the
downside that distances may be long, and it may be difficult for family to travel along and
provide support. In addition, for kidney sharing scheme programmes in case of donor
organs travelling to recipient centres, the CIT could be incorporated as a variable in the
matching algorithm. If this is not an option and the kidney has to be transported over
a long distance, one could investigate the use of donor organ machine perfusion. It is
shown that hypothermic machine perfusion (HMP) reduces the risk of DGF and 1-year
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graft survival in deceased donor kidney transplantation [42,43], but evidence amongst
LDKT is minimal and the only study performed did not detect any difference in DGF [44].
Future studies should explore the idea to deploy HMP during shipping of the kidneys
with an expected prolonged CIT of more than four hours. Together, with existing literature
on LDKT risk factors [11,29,38,44], it could be deemed cost-effective to support kidneys
from high-risk donor–recipient pairs with HMP or deploy HMP during shipping of the
kidney when a prolonged CIT of more than four hours is expected [45]. Studies included
in the meta-analysis either did not mention machine perfusion [30,35] or excluded these
patients [11,29], while only Nath et al. [31] discussed HMP and stated that it is attractive to
establish the potential role of machine perfusion in LDKT because it reduces DGF and graft
survival in DDKT, which we support.

Another recent development is the increasing use of robotic surgery in living donor
kidney transplantation, and we wish to discuss its consequences on CIT and LDKT. A
recent meta-analysis [46] found excellent results when comparing robotic-assisted kidney
transplantation to open kidney transplantation, but also found increased CIT in robot-
assisted LDKT; they did not find a difference in DGF, not in acute rejection, renal function at
six months and 1-year post kidney transplantation and not in graft or patient survival. The
increased CIT probably has minimal clinical relevance since the mean difference was only
5.18 min (95% CI: 3.99–6.38, p < 0.001), which is positive because this implies that an increase
in CIT is not a concern for robotic surgery. The prolonged CIT in robot-assisted kidney
transplantation might be caused by a steep learning curve. Therefore, we hypothesize
that these increased CITs are unlikely to persist in the future and will be diminished.
Considering all factors, we agree with the authors that robotic surgery in LDKT is safe to
further implement and that future advances in robotic surgery are not likely to increase the
cold ischaemia time.

One of the most important strengths of our study is that it included a large patient
cohort of 164,179 patients, and we feel that the large number of patients analysed in this
review is a good representation since it is geographically widespread and includes studies
from three continents. Furthermore, we performed a leave-one-out sensitivity analysis to
estimate individual study effects which resulted in only one remarkable finding. We found
a difference in the 1-year graft survival outcome variable comparing 0–2 h to 6–8 h of CIT
when removing the study by Simkins et al. [35], which resulted in a significant p value in
favour of 0–2 h of CIT. Acute rejection also became significant when the study by Nath
et al. was removed from the meta-analysis. Some other forest plots show a high level
of heterogeneity, for instance Figure 2, but the included studies in these forest plots are
unambiguous regarding the outcome measure (the direction of the effect), and sensitivity
analyses do not change the course of the outcome; the data are available in Table S2.

Limitations

We wish to point out that there could be other factors contributing to the difference
in studies which account for the heterogeneity amongst the studies. The first important
factor is as to whether a kidney paired donation or a kidney exchange programme (KEP)
exists in the country; these programmes match kidneys across a nation, which might lead
to increased CIT; the CIT is significantly higher in countries where the kidneys travel rather
than the donor in KEP programmes, for example the United Kingdom, the United States,
and Australia. In the Netherlands and Canada, the donor travels to the recipient’s hospital
(donor and recipient operations will be performed in the same hospital, associated with a
shorter CIT). Not all included studies in this meta-analysis reported whether a prolonged
CIT was caused by shipping of the kidney or due to another cause, such as intra-operative
difficulties in the recipient. Most studies focus on LDKT in general and do not include
sub-analyses for KEP versus non-KEP.

Another critical factor is that Krishnan et al. [30], Gill et al. [11], Nath et al. [31] and
Simpkins et al. [35] excluded a CIT longer than eight hours, and Gill et al. excluded patients
with a CIT longer than sixteen hours. Gill et al. excluded these patients because they were
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likely to be representing measure errors and because CIT longer than 16 h is uncommon in
LDKT. Krishnan et al. excluded patients which experienced more than eight hours of CIT
because of the likelihood of technical complications and uncertainty about the accuracy of
the data. Nath et al. did not discuss the fact that only LDKT with CIT between zero and
eight hours were included. Simpkins et al. excluded the LDKT with CIT longer than eight
hours due to a broad distribution (median: 30 h, IQR: 20–40 h), the likelihood of technical
complications and data entry errors.

We know that pre-emptive transplantation results in benefits for the kidney recipient
regarding patient survival and graft survival [8,47–49]. In every paper, except in Segev
et al. [34], where pre-emptive transplantation was not specifically mentioned, a part of the
study population (25–30%) underwent pre-emptive transplantation. In the study by Gill
et al. [11], the 0–2 h CIT group contains only 4% pre-emptive transplantations and the other
longer CIT groups all contain around 30% pre-emptive transplants (31%, 28% and 26%).
These findings could affect the results of the forest plot analysis in that the graft survival,
patient survival, and acute rejection are biased because a higher percentage of these groups
represent pre-emptive transplantation. In all other studies, pre-emptive transplantation
was evenly distributed over the different CIT groups, or only an overall percentage of
pre-emptive transplants in the study was provided.

Further, the risk of bias for our studies was scored as moderate, mainly because all
studies categorized the CIT in groups of a certain number of hours (0–2, 2–4 h, etc.), which
could, in theory, be changed later in the study to manipulate study results. Apart from
this categorization, the studies scored a low risk of bias on almost all other aspects of the
ROBIN-I risk of bias tool. All studies scored moderate on the bias of confounding aspect
because there is a possibility that some variables are not considered in the multivariate
regression analysis, an analysis performed by all studies, and residual confounding could
arise. See Table S3 for a comprehensive overview of all variables accounted for. Especially,
provider-related factors are not considered in the multiple regression analyses (experience
with living donor KTx and hospital or surgeon volume for instance), meaning that residual
confounding might be a problem.

Some outcome variables scored a low certainty of evidence, estimated by the GRADE
tool, and this is because these studies are retrospective cohort studies (which is a common
finding for these types of studies when using this tool [50]). Unfortunately, there is no
way to work around this because an RCT or prospective study would be unrealistic and
even unethical. However, most studies scored a moderate level of evidence, and some
scored high.

5. Conclusions

Our results, based on 164,179 patients, underline the need to keep CIT as short as
possible in LDKT (ideally < 4 h), as a shorter CIT in LDKT is associated with a statistically
significant lower incidence of DGF and higher graft survival compared to a prolonged CIT
(>4 h). However, clinical impact seems limited, and therefore, in LDKT programmes in
which the CIT might be prolonged, such as kidney exchange programmes, the benefits
outweigh the risks [38]. To minimize these risks, it is worth considering including CIT in
kidney allocation algorithms to reduce DGF, graft failure, and in general take precautions
to protect high risk donor–recipient combinations.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11061620/s1, Table S1: Risk of bias assessment of included
studies in the meta-analysis (ROBINS-I). Table S2: sensitivity analysis. Table S3: variables included in
the multivariate analysis per study. Figure S1: Funnel plot for DGF for CIT shorter and longer than
4 h. Figure S2: Funnel plot for 1-year graft survival for CIT shorter and longer than 4 h. Figure S3:
Funnel plot for 5-year graft survival for CIT shorter and longer than 4 h. Figure S4: Funnel plot
for acute rejection for CIT shorter and longer than 4 h. Figure S5: Funnel plot for 1 year patient
survival for CIT shorter and longer than 4 h. Figure S6: Funnel plot for 5-year patient survival for
CIT shorter and longer than 4 h. Figure S7: Funnel plot for 10-year patient survival for CIT shorter
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and longer than 4 h. Figure S8: Funnel plot for 5- year graft survival comparing 0–2 h versus 2–4 h of
CIT. Figure S9: Funnel plot for 5-year graft survival comparing 0–2 h versus 4–8 h of CIT. Figure S10:
Funnel plot for DGF comparing 0–2 h versus 2–4 h of CIT. Figure S11: Funnel plot for DGF comparing
0–2 h versus 4–6 h of CIT. Figure S12: Funnel plot for DGF comparing 0–2 h versus 6–8 h of CIT.
Figure S13: (a) Funnel plot for 1-year graft survival comparing 0–2 h versus 2–4 h of CIT. (b) Funnel
plot for 1-year graft survival comparing 0–2 h versus 4–8 h of CIT.
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Appendix A

Embase.com (accessed on 12 July 2021) (603)

(‘kidney transplantation’/exp OR ‘kidney donor’/de OR ‘kidney preservation’/exp
OR ‘nephrectomy’/exp OR ‘renal graft dysfunction’/exp OR ‘organ transplantation’/de OR
(((kidney* OR renal OR organ OR organs) NEAR/10 (transplant* OR graft* OR allograft* OR
homograft OR allotransplant* OR homotransplant OR donor* OR donation* OR recipient*
OR preservat* OR storage* OR cold-ischem* OR cold-ischaem*)) OR nephrectom* OR
uninephrectom* OR LDKT OR LDTx OR LDT):ab,ti,kw) AND (‘cold ischemia’/de OR
‘cold ischemia time’/de OR (((cold-ischem* OR cold-ischaem*) NEAR/3 (time*))):ab,ti,kw)
AND (‘living donor’/exp OR (LDKT OR LDTx OR LDT OR ((living OR alive OR live
OR heart-beating) NEAR/4 (donor*))):ab,ti,kw) AND (English)/lim NOT ((Conference
Abstract)/lim AND (1800-2016)/py).

Medline (Ovid) (339)

(Kidney Transplantation/OR Kidney/tr OR Nephrectomy/ OR Organ Transplan-
tation/OR (((kidney* OR renal OR organ OR organs) ADJ10 (transplant* OR graft* OR
allograft* OR homograft OR allotransplant* OR homotransplant OR donor* OR donation*
OR recipient* OR preservat* OR storage* OR cold-ischem* OR cold-ischaem*)) OR nephrec-
tom* OR uninephrectom* OR LDKT OR LDTx OR LDT).ab,ti,kf.) AND (Cold Ischemia/ OR
(((cold-ischem* OR cold-ischaem*) ADJ3 (time*))).ab,ti.) AND (Living Donors/ OR (LDKT
OR LDTx OR LDT OR ((living OR alive OR live OR heart-beating) ADJ4 (donor*))).ab,ti,kf.)
AND english.lg.

Embase.com
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Web of Science (318)

TS = (((((kidney* OR renal OR organ OR organs) NEAR/10 (transplant* OR graft*
OR allograft* OR homograft OR allotransplant* OR homotransplant OR donor* OR dona-
tion* OR recipient* OR preservat* OR storage* OR cold-ischem* OR cold-ischaem*)) OR
nephrectom* OR uninephrectom* OR LDKT OR LDTx OR LDT)) AND ((((cold-ischem* OR
cold-ischaem*) NEAR/2 (time*)))) AND ((LDKT OR LDTx OR LDT OR ((living OR alive
OR live OR heart-beating) NEAR/4 (donor*))))) AND LA = English.

Cochrane CENTRAL (47)

((((kidney* OR renal OR organ OR organs) NEAR/10 (transplant* OR graft* OR allo-
graft* OR homograft OR allotransplant* OR homotransplant OR donor* OR donation* OR
recipient* OR preservat* OR storage* OR cold-ischem* OR cold-ischaem*)) OR nephrectom*
OR uninephrectom* OR LDKT OR LDTx OR LDT):ab,ti,kw) AND ((((cold-ischem* OR
cold-ischaem*) NEAR/3 (time*))):ab,ti,kw) AND ((LDKT OR LDTx OR LDT OR ((living
OR alive OR live OR heart-beating) NEAR/4 (donor*))):ab,ti,kw).

Google Scholar 100 Top-Ranked

“kidney|renal|organ transplant|transplantation|graft|allograft|homograft|allo-
transplant|homotransplant|donor|donors|donation|recipient|recipients” “cold ischemia|
ischaemia|ischemic|ischaemic time” LDKT|LDTx|LDT|”living|alive|live donor”.

‘kidney|renal|organ transplant|transplantation|graft|allograft|homograft|allo-
transplant|homotransplant|donor|donors|donation|recipient|recipients’ ‘cold ischemia|
ischaemia|ischemic|ischaemic time’ LDKT|LDTx|LDT|’living|alive|live donor’.

Appendix B

Author(s): Gill et al., Krishnan et al., Nassiri et al., Nath et al., and Simpkins et al.
Question: A CIT <4 h compared to >4 h for a lower incidence of delayed graft function

in LDKT.
Bibliography: Long CIT versus short CIT for delayed graft function in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.

Table A1. Summary of findings with the level of evidence estimated by the Grade-tool for delayed
graft function.

Certainty Assessment Patients (n) Effect

Certainty№ of
Studies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision

Other
Consider-

ations

a CIT
<4 h >4 h Relative

(95% CI)
Absolute
(95% CI)

5 observational
studies

not
serious serious a not

serious
not

serious none 4293/94,693
(4.5%)

508/7507
(6.8%)

OR 0.61
(0.49 to

0.77)

25 fewer
per 1000
(from 33
fewer to

15 fewer)

⊕⊕⊕#
Moderate

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: substantial heterogeneity.

Author(s): Krishnan et al., Nassiri et al., Nath et al., and Simpkins et al.
Question: A CIT <4 h compared to >4 h for better graft survival in LDKT.
Bibliography: Long CIT versus short CIT for graft survival in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.
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Table A2. Summary of findings with the level of evidence estimated by the Grade-tool for graft survival.

Certainty Assessment Patients (n) Effect

Certainty№ of
Stud-

ies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision Other Con-

siderations
a CIT
<4 h >4 h Relative

(95% CI)
Absolute
(95% CI)

2 observational
studies

not
serious serious a not

serious serious b

all plausible
residual con-

founding
would

reduce the
effect

1664/44,696
(3.7%)

132/2927
(4.5%)

OR 0.72
(0.60 to

0.87)

12 fewer
per 1000
(from 18
fewer to
6 fewer)

⊕⊕⊕#
Moderate

4 observational
studies

not
serious not serious not

serious
not

serious none 6041/48,757
(12.4%)

438/4945
(8.9%)

OR 0.88
(0.79 to

0.99)

10 fewer
per 1000
(from 17
fewer to
1 fewer)

⊕⊕⊕⊕
High

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: Nath et al. does not show a significant effect
while Simpkins et al. does; b: only two studies included in the outcome measure.

Author(s): Krishnan et al., Nath et al., and Simpkins et al.
Question: A CIT <4 h compared to >4 h for less acute rejection in LDKT.
Bibliography: Long CIT versus short CIT for acute rejection in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.

Table A3. Summary of findings with the level of evidence estimated by the Grade-tool for acute rejection.

Certainty Assessment Patients (n) Effect

Certainty№ of
Studies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision

Other
Consider-

ations

a CIT
<4 h >4 h Relative

(95% CI)
Absolute
(95% CI)

3 observational
studies

not
serious serious a not

serious serious b none 11,830/48,189
(24.5%)

606/3151
(19.2%)

OR 1.17
(0.86 to

1.58)

26 more
per 1000
(from 22
fewer to
81 more)

⊕⊕##
Low

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: considerable heterogeneity; b: studies use
different definitions for acute rejection.

Author(s): Krishnan et al. and Nath et al.
Question: A CIT <4 h compared to >4 h for better patient survival in LDKT.
Bibliography: Long CIT versus short CIT for patient survival in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.

Table A4. Summary of findings with the level of evidence estimated by the Grade-tool for patient
survival.

Certainty Assessment Patients (n) Effect

Certainty№ of
Stud-

ies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision Other Con-

siderations
a CIT
<4 h >4 h Relative

(95% CI)
Absolute
(95% CI)

2 observational
studies

not
serious serious a not

serious serious b

all plausible
residual

confounding
would reduce

the demon-
strated
effect

319/10,753
(3.0%)

43/2066
(2.1%)

OR 0.74
(0.51 to

1.07)

5 fewer
per 1000
(from 10
fewer to
1 more)

⊕⊕⊕#
Moderate

2 observational
studies

not
serious

very
serious c

not
serious serious b

all plausible
residual

confounding
would reduce

the demon-
strated
effect

424/10,807
(3.9%)

105/2066
(5.1%)

OR 0.54
(0.20 to

1.45)

23 fewer
per 1000
(from 40
fewer to
21 more)

⊕⊕##
Low

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: low heterogeneity; b: only two studies
included in meta-analysis; c: Considerable heterogeneity.
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Author(s): Gill et al., Krishnan et al., Nath et al., and Simpkins et al.
Question: 0–2 h of CIT compared to prolonged CIT (2–4, 4–6 and 6–8 h) for lower

incidence of delayed graft function in LDKT.
Bibliography: Long CIT versus short CIT for delayed graft function in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.

Table A5. Summary of findings with the level of evidence estimated by the Grade-tool for delayed
graft function (in further detail).

Certainty Assessment Patients (n) Effect

Certainty№ of
Studies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision

Other
Consider-

ations

0–2 h of
CIT

Prolonged
CIT

Relative
(95% CI)

Absolute
(95% CI)

4 observational
studies

not
serious not serious not

serious
not

serious none 770/17,640
(4.4%)

2–4 h:
3000/76,485

(3.9%)

OR 0.89
(0.82 to

0.97)

4 fewer
per 1000
(from 7
fewer to
1 fewer)

⊕⊕⊕⊕
High

4 observational
studies

not
serious not serious not

serious
not

serious none 319/4444
(7.2%)

4–6 h:
3000/76,485

(3.9%)

OR 0.54
(0.47 to

0.62)

18 fewer
per 1000
(from 20
fewer to

15 fewer)

⊕⊕⊕⊕
High

4 observational
studies

not
serious not serious not

serious
not

serious
strong as-
sociation

271/3435
(7.9%)

6–8 h:
3000/76,485

(3.9%)

OR 0.48
(0.41 to

0.56)

20 fewer
per 1000
(from 23
fewer to

17 fewer)

⊕⊕⊕⊕
High

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio.

Author(s): Nath et al. and Simpkins et al.
Question: 0–2 h of CIT compared to prolonged CIT (2–4 and 4–8 h) for better 1-year

graft survival in LDKT.
Bibliography: Long CIT versus short CIT for 1-year graft survival in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.

Table A6. Summary of findings with the level of evidence estimated by the Grade-tool for 1-year
graft survival.

Certainty Assessment Patients (n) Effect

Certainty№ of
Studies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision

Other
Consider-

ations

0–2 h of
CIT

Prolonged
CIT

Relative
(95% CI)

Absolute
(95% CI)

2 observational
studies

not
serious not serious not

serious serious a none 345/9315
(3.7%)

1320/35,381
(3.7%)

OR 0.89
(0.78 to

1.02)

4 fewer
per 1000
(from 8
fewer to
1 more)

⊕⊕⊕#
Moderate

2 observational
studies

not
serious not serious not

serious serious a none 132/2927
(4.5%)

1320/35,381
(3.7%)

OR 0.69
(0.56 to

0.85)

11 fewer
per 1000
(from 16
fewer to
5 fewer)

⊕⊕⊕#
Moderate

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: only two studies included in analysis.

Author(s): Gill et al., Krishnan et al., Nassiri et al., Nath et al., and Simpkins et al.
Question: 0–2 h of CIT compared to prolonged CIT (2–4 and 4–8 h) for better 5-year

graft survival in LDKT.
Bibliography: Long CIT versus short CIT for 5-year graft survival in LDKT. Cochrane

Database of Systematic Reviews 2019, Issue 2.
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Table A7. Summary of findings with the level of evidence estimated by the Grade-tool for 5-year
graft survival.

Certainty Assessment Patients (n) Effect

Certainty№ of
Studies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision

Other
Consider-

ations

0–2 h of
CIT

Prolonged
CIT

Relative
(95% CI)

Absolute
(95% CI)

3 observational
studies

not
serious not serious not

serious serious a none 1196/10,703
(11.2%)

2–4 h:
4938/37,486

(13.2%)

OR 0.96
(0.89 to

1.04)

5 fewer
per 1000
(from 13
fewer to
5 more)

⊕⊕⊕#
Moderate

3 observational
studies

not
serious not serious not

serious serious b none 369/3151
(11.7%)

4–8 h:
4938/37,486

(13.2%)

OR 0.85
(0.75 to

0.96)

18 fewer
per 1000
(from 30
fewer to
5 fewer)

⊕⊕⊕#
Moderate

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: true effect would be different if at beginning
or end of confidence interval; b: only two studies included in analysis.

Author(s): Krishnan et al. and Simpkins et al.
Question: CIT of <4 h compared to >4 h for better 10-year graft survival in LDKT.
Bibliography: Long CIT versus short CIT for 10-year graft survival in LDKT Cochrane

Database of Systematic Reviews 2019, Issue 2.

Table A8. Summary of findings with the level of evidence estimated by the Grade-tool for 10-years
graft survival.

Certainty Assessment Patients (n) Effect

Certainty№ of
Stud-

ies

Study
Design

Risk of
Bias Inconsistency Indirectness Imprecision Other Con-

siderations
CIT of
<4 h >4 h Relative

(95% CI)
Absolute
(95% CI)

2 observational
studies

not
serious serious a not

serious serious b

all plausible
residual con-

founding
would

reduce the
demon-
strated
effect

429/1309
(32.8%)

12,503/40,821
(30.6%)

OR 0.84
(0.64 to

1.09)

36 fewer
per 1000
(from 86
fewer to
19 more)

⊕⊕⊕#
Moderate

CI: confidence interval; CIT: cold ischaemia time; OR: odds ratio. a: substantial heterogeneity; b: only two studies
included in analysis.
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25. Sterne, J.A.; Hernán, M.A.; Reeves, B.C.; Savović, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.;

Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919.
[CrossRef]

26. Schünemann, H.; Brożek, J.; Guyatt, G.; Oxman, A. GRADE Handbook for Grading Quality of Evidence and Strength of
Recommendations. 2013. Available online: Guidelinedevelopment.org/handbook (accessed on 21 May 2021).

27. Moher, D.; Cook, D.J.; Eastwood, S.; Olkin, I.; Rennie, D.; Stroup, D.F. Improving the quality of reports of meta-analyses of
randomised controlled trials: The QUOROM statement. Quality of Reporting of Meta-analyses. Lancet 1999, 354, 1896–1900.
[CrossRef]

28. Review Manager Web (RevMan Web). 1.22.0. 2020. Available online: Revman.cochrane.org (accessed on 15 November 2021).
29. Nassiri, N.; Kwan, L.; Bolagani, A.; Thomas, A.G.; Sinacore, J.; Ronin, M.; Cooper, M.; Segev, D.L.; Cecka, J.M.; Veale, J.L. The

“oldest and coldest” shipped living donor kidneys transplanted through kidney paired donation. Am. J. Transpl. 2020, 20, 137–144.
[CrossRef] [PubMed]

30. Krishnan, A.R.; Wong, G.; Chapman, J.R.; Coates, P.T.; Russ, G.R.; Pleass, H.; Russell, C.; He, B.; Lim, W.H. Prolonged Ischemic
Time, Delayed Graft Function, and Graft and Patient Outcomes in Live Donor Kidney Transplant Recipients. Am. J. Transpl. 2016,
16, 2714–2723. [CrossRef]

31. Nath, J.; Hodson, J.; Canbilen, S.W.; Al Shakarchi, J.; Inston, N.G.; Sharif, A.; Ready, A.R. Effect of cold ischaemia time on outcome
after living donor renal transplantation. Br. J. Surg. 2016, 103, 1230–1236. [CrossRef] [PubMed]

32. Redfield, R.R.; Scalea, J.R.; Zens, T.J.; Muth, B. Predictors and outcomes of delayed graft function after living-donor kidney
transplantation. Transpl. Int. 2016, 29, 81–87. [CrossRef]

33. Roodnat, J.I.; Van Riemsdijk, I.C.; Mulder, P.G.H.; Doxiadis, I.; Claas, F.H.J.; Ijzermans, J.N.M.; Van Gelder, T.; Weimar, W. The
superior results of living-donor renal transplantation are not completely caused by selection or short cold ischemia time: A
single-center, multivariate analysis. Transplantation 2003, 75, 2014–2018. [CrossRef] [PubMed]

http://doi.org/10.1111/tri.12719
http://www.ncbi.nlm.nih.gov/pubmed/26576040
http://doi.org/10.1016/j.transproceed.2014.06.070
http://www.ncbi.nlm.nih.gov/pubmed/25498064
http://doi.org/10.1016/j.kint.2017.01.032
http://doi.org/10.1038/ki.2014.304
http://doi.org/10.1016/j.transproceed.2019.11.025
http://www.ncbi.nlm.nih.gov/pubmed/31901321
http://doi.org/10.1097/TP.0b013e318209f22b
http://www.ncbi.nlm.nih.gov/pubmed/21317839
http://doi.org/10.1111/j.1600-6143.2011.03817.x
http://doi.org/10.1111/j.1600-6143.2011.03741.x
http://www.ncbi.nlm.nih.gov/pubmed/21906257
http://doi.org/10.1016/S0140-6736(10)60827-6
http://doi.org/10.1097/TXD.0000000000000888
http://doi.org/10.1097/MOT.0b013e32835e2a08
http://www.ncbi.nlm.nih.gov/pubmed/23337956
http://doi.org/10.1097/01.TP.0000129259.02340.F7
http://www.ncbi.nlm.nih.gov/pubmed/15280677
www.training.cochrane.org/handbook
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.1136/bmj.i4919
Guidelinedevelopment.org/handbook
http://doi.org/10.1016/S0140-6736(99)04149-5
Revman.cochrane.org
http://doi.org/10.1111/ajt.15527
http://www.ncbi.nlm.nih.gov/pubmed/31278819
http://doi.org/10.1111/ajt.13817
http://doi.org/10.1002/bjs.10165
http://www.ncbi.nlm.nih.gov/pubmed/27245933
http://doi.org/10.1111/tri.12696
http://doi.org/10.1097/01.TP.0000065176.06275.42
http://www.ncbi.nlm.nih.gov/pubmed/12829903


J. Clin. Med. 2022, 11, 1620 21 of 21

34. Segev, D.L.; Veale, J.L.; Berger, J.C.; Hiller, J.M.; Hanto, R.L.; Leeser, D.B.; Geffner, S.R.; Shenoy, S.; Bry, W.I.; Katznelson, S.; et al.
Transporting live donor kidneys for kidney paired donation: Initial national results. Am. J. Transpl. 2011, 11, 356–360. [CrossRef]
[PubMed]

35. Simpkins, C.E.; Montgomery, R.A.; Hawxby, A.M.; Locke, J.E.; Gentry, S.E.; Warren, D.S.; Segev, D.L. Cold ischemia time and
allograft outcomes in live donor renal transplantation: Is live donor organ transport feasible? Am. J. Transpl. 2007, 7, 99–107.
[CrossRef] [PubMed]

36. Kute, V.B.; Patel, H.V.; Shah, P.R.; Modi, P.R.; Shah, V.R.; Rizvi, S.J.; Pal, B.C.; Modi, M.P.; Shah, P.S.; Varyani, U.T.; et al. Past,
present and future of kidney paired donation transplantation in India. World J. Transplant. 2017, 7, 134–143. [CrossRef] [PubMed]

37. Böhmig, G.A.; Fronek, J.; Slavcev, A.; Fischer, G.F.; Berlakovich, G.; Viklicky, O. Czech-Austrian kidney paired donation: First
European cross-border living donor kidney exchange. Transpl. Int. 2017, 30, 638–639. [CrossRef] [PubMed]

38. van de Laar, S.C.; Robb, M.; Hogg, R.; Burnapp, L.; Papalois, V.E.; Dor, F. The Impact of Cold Ischaemia Time on Outcomes of
Living Donor Kidney Transplantation in the UK Living Kidney Sharing Scheme. Ann. Surg. 2021, 274, 859–865. [CrossRef]

39. Ahmadi, A.R.; Lafranca, J.A.; Claessens, L.A.; Imamdi, R.M.S.; Ijzermans, J.N.M.; Betjes, M.G.H.; Dor, F.J.M.F. Shifting paradigms
in eligibility criteria for live kidney donation: A systematic review. Kidney Int. 2015, 87, 31–45. [CrossRef]

40. Rutten, F.F.; Ploeg, R.J.; McDonnell, J.; Cohen, B. The cost-effectiveness of preservation with UW and EC solution for use in
cadaveric kidney transplantation in the case of single kidney donors. Transplantation 1993, 56, 854–858. [CrossRef] [PubMed]

41. Wight, J.; Chilcott, J.; Holmes, M.; Brewer, N. The clinical and cost-effectiveness of pulsatile machine perfusion versus cold storage
of kidneys for transplantation retrieved from heart-beating and non-heart-beating donors. Health Technol. Assess 2003, 7, 1–94.
[CrossRef]

42. Moers, C.; Smits, J.M.; Maathuis, M.-H.J.; Treckmann, J.; van Gelder, F.; Napieralski, B.P.; van Kasterop-Kutz, M.; van der Heide,
J.J.H.; Squifflet, J.-P.; van Heurn, E.; et al. Machine Perfusion or Cold Storage in Deceased-Donor Kidney Transplantation. N. Engl.
J. Med. 2009, 360, 7–19. [CrossRef] [PubMed]

43. Peng, P.; Ding, Z.; He, Y.; Zhang, J.; Wang, X.; Yang, Z. Hypothermic Machine Perfusion Versus Static Cold Storage in Deceased
Donor Kidney Transplantation: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Artif. Organs 2019, 43,
478–489. [CrossRef] [PubMed]

44. Moser, M.A.J.; Ginther, N.; Luo, Y.; Beck, G.; Ginther, R.; Ewen, M.; Matsche-Neufeld, R.; Shoker, A.; Sawicki, G. Early experience
with hypothermic machine perfusion of living donor kidneys—A retrospective study. Transpl. Int. 2017, 30, 706–712. [CrossRef]
[PubMed]

45. Groen, H.; Moers, C.; Smits, J.M.; Treckmann, J.; Monbaliu, D.; Rahmel, A.; Paul, A.; Pirenne, J.; Ploeg, R.J.; Buskens, E. Cost-
Effectiveness of Hypothermic Machine Preservation versus Static Cold Storage in Renal Transplantation. Am. J. Transplant. 2012,
12, 1824–1830. [CrossRef]

46. Slagter, J.S.; Outmani, L.; Tran, K.T.C.K.; Ijzermans, J.N.M.; Minnee, R.C. Robot-assisted kidney transplantation as a minimally
invasive approach for kidney transplant recipients: A systematic review and meta-analyses. Int. J. Surg. 2022, 99, 106264.
[CrossRef]

47. Kasiske, B.L.; Snyder, J.J.; Matas, A.J.; Ellison, M.D.; Gill, J.S.; Kausz, A.T. Preemptive kidney transplantation: The advantage and
the advantaged. J. Am. Soc. Nephrol. 2002, 13, 1358–1364. [CrossRef] [PubMed]

48. Milton, C.A.; Russ, G.R.; McDonald, S.P. Pre-emptive renal transplantation from living donors in Australia: Effect on allograft
and patient survival. Nephrology 2008, 13, 535–540. [CrossRef] [PubMed]

49. Meier-Kriesche, H.U.; Kaplan, B. Waiting time on dialysis as the strongest modifiable risk factor for renal transplant outcomes: A
paired donor kidney analysis. Transplantation 2002, 74, 1377–1381. [CrossRef] [PubMed]

50. Granholm, A.; Alhazzani, W.; Møller, M.H. Use of the GRADE approach in systematic reviews and guidelines. Br. J. Anaesth.
2019, 123, 554–559. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1600-6143.2010.03386.x
http://www.ncbi.nlm.nih.gov/pubmed/21272238
http://doi.org/10.1111/j.1600-6143.2006.01597.x
http://www.ncbi.nlm.nih.gov/pubmed/17227561
http://doi.org/10.5500/wjt.v7.i2.134
http://www.ncbi.nlm.nih.gov/pubmed/28507916
http://doi.org/10.1111/tri.12945
http://www.ncbi.nlm.nih.gov/pubmed/28236641
http://doi.org/10.1097/SLA.0000000000005123
http://doi.org/10.1038/ki.2014.118
http://doi.org/10.1097/00007890-199310000-00015
http://www.ncbi.nlm.nih.gov/pubmed/8212206
http://doi.org/10.3310/hta7250
http://doi.org/10.1056/NEJMoa0802289
http://www.ncbi.nlm.nih.gov/pubmed/19118301
http://doi.org/10.1111/aor.13364
http://www.ncbi.nlm.nih.gov/pubmed/30282122
http://doi.org/10.1111/tri.12964
http://www.ncbi.nlm.nih.gov/pubmed/28390094
http://doi.org/10.1111/j.1600-6143.2012.04030.x
http://doi.org/10.1016/j.ijsu.2022.106264
http://doi.org/10.1097/01.ASN.0000013295.11876.C9
http://www.ncbi.nlm.nih.gov/pubmed/11961024
http://doi.org/10.1111/j.1440-1797.2008.01011.x
http://www.ncbi.nlm.nih.gov/pubmed/19138208
http://doi.org/10.1097/00007890-200211270-00005
http://www.ncbi.nlm.nih.gov/pubmed/12451234
http://doi.org/10.1016/j.bja.2019.08.015
http://www.ncbi.nlm.nih.gov/pubmed/31558313

	Introduction 
	Materials and Methods 
	Literature Search Strategy 
	Outcome Parameters 
	Literature Screening 
	Data Extraction and Critical Appraisal 
	Statistical Analysis 

	Results 
	Literature Search Results 
	Outcomes 
	Graft Survival 
	One Year 
	Five Years 

	Five-Year Graft Survival Hazard Ratio 
	Ten-Year Graft Survival 
	Patient Survival 
	Acute Rejection 
	Kidney Function 
	Impact of CIT in Kidney Exchange Programmes (KEP) 
	Quality and Risk of Bias Assessment 
	Publication Bias 

	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

