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As the organ shortage increases, inherently the demand for

donor kidneys continues to rise. Thus, live kidney donation is

essential for increasing the donor pool. In order to create

successful expansion, extended criteria live kidney donors

should be considered. This review combines current

guidelines with all available literature in this field, trying

to seek and establish the optimal extended criteria.

Comprehensive searches were carried out in major databases

until November 2013 to search for articles regarding older

age, overweight and obesity, hypertension, vascular

anomalies/multiplicity, nulliparous women, and minors as

donors. Of the 2079 articles found, 152 fell within the scope

of the review. Five major guidelines were included and

reviewed. Based on the literature search, live kidney donation

in older donors (up to 70 years of age) seems to be safe as

outcome is comparable to younger donors. Obese donors

have comparable outcome to lean donors, in short- and mid-

term follow-up. Since little literature is available proving the

safety of donation of hypertensive donors, caution is advised.

Vascular multiplicity poses no direct danger to the donor and

women of childbearing age can be safely included as donors.

Although outcome after donation in minors is shown to be

comparable to adult donors, they should only be considered

if no other options exist. We conclude that the analyzed

factors above should not be considered as absolute

contraindications for donation.

Kidney International (2015) 87, 31–45; doi:10.1038/ki.2014.118;

published online 30 April 2014

KEYWORDS: eligibility; extended criteria; live kidney donation; systematic

review

The incidence and prevalence of end-stage renal disease
(ESRD) is rising globally as a result of an increased
prevalence of hypertension, diabetes, obesity, older age, and
other risk factors.1 The best therapy for patients with ESRD is
kidney transplantation. Not only does kidney transplantation
reduce the risk of morbidity and mortality, it also improves
the quality of life compared with other forms of renal
replacement therapy.2,3 However, the number of deceased
donor organs cannot meet the increasing demand.4

Therefore, live kidney donation has become increasingly
important to enlarge the donor pool. Live donor kidney
transplantation has superior graft outcome compared with
deceased donor kidney transplantation, and is therefore the
preferred therapeutic option for ESRD.5 However, organ
shortage remains, as not all transplant candidates have the
luxury of a live donor.4 Since the start of live kidney
transplantation in the 1950s, the eligibility criteria for
donation have been very strict and many risk factors, such
as older age, overweight, obesity, hypertension, and vascular
anomalies, were absolute contraindications for donation.
During the past decades, there have been enormous develop-
ments in kidney donation. Experience with the assessment
and evaluation of (potential) donors and technical aspects
in this field has increased widely.6–8 The outcome in donors
and in recipients has proven to be excellent, leading to an
extension of donor criteria in several transplant centers. Still,
the local criteria for accepting live kidney donors vary greatly
between transplant centers.9 Furthermore, considerable
variation is observed in the organization of live kidney
donor evaluation and the methods of assessment used. With
the increasing presence of certain risk factors and the
shortage of kidney donors, the transplant community has
made efforts to extend donor eligibility criteria to increase
the live kidney donor pool. Hence, a shift has occurred in
relative and absolute contraindications for live kidney
donation.10 Some contraindications for live donations are
indisputable; however, controversy remains on some of the
contraindications. The criteria for live kidney donation are
elusive and differ worldwide, as well as nationally.9 Thus, it is
up to the transplant community, and the transplant teams in
particular, to calculate the individual risk in each potential
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live kidney donor and set limits. However, as a consequence,
many willing potential kidney donors with comorbidity, so-
called ‘marginal live kidney donors’, or ‘extended criteria live
kidney donors’ are excluded in many transplant centers.

In this review, we searched for available guidelines and
combined these to draw conclusions regarding the current
attitudes on live kidney donor criteria. Furthermore, we
examined available literature and evidence on extended living
donor criteria regarding the controversial contraindications,
such as older age, overweight and obesity, hypertension,
vascular anomalies/multiplicity, women of childbearing age,
and minors as donors. However, one must bear in mind that
a live kidney donor should not become a patient. Even
though technically a donation and successive transplantation
might surgically not be a problem, the health of a donor must
be the main priority at all times, surgical risks should be
avoided at all costs, and good long-term outcome should be
warranted.

RESULTS

We included five major available guidelines that are
currently available in the field: the consensus statement of
the Amsterdam Forum on the Care of the Live Kidney
Donor,11 the Summary of the British Transplantation
Society/Renal Association UK guidelines for living
donor kidney transplantation,12 consensus guidelines on
eligibility for kidney transplantation of the Canadian
Society of Transplantation,13 the Guidelines on Renal
Transplantation by the European Association of Urology,14

and the living kidney donors guideline Caring for
Australasians with Renal Impairment (CARI) on obesity
and hypertension were included.15,16

We also performed an extensive systematic literature
search. Of the 2079 papers found after the initial search, 124
fell within the scope of the review. No additional studies were
included after manually scrutinizing the reference lists. The
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram for systematic reviews is presented in
Figure 1. The assessment of the quality of the available
evidence using the GRADE tool is presented in Figure 2.

Older donor age

Guidelines. No guidelines regarding maximum age for
donation are available, nor are these included in the
Amsterdam forum consensus in 2004,11 the Canadian con-
sensus guidelines,13 and the CARI guidelines.17 The British
guideline states that older age alone is not an absolute
contraindication for donation, but that the medical work-up
of older donors must be particularly rigorous to ensure
suitability. Donors older than 60 years should have a
corrected glomerular filtration rate (GFR) of at least 68.
This guideline also states that the older donor may have a
greater risk of developing perioperative complications. This
is particularly true for donors 460 years of age.12 The
Guidelines on Renal Transplantation by the European
Association of Urology mention that age limits for organ

donation are not currently fixed, but lacks a recommendation
for the maximum age for donation.14

Literature. Life expectancy in the western population is
rapidly increasing. In 2008, 17% of the European Union
residents were 65 years or older. It is estimated that the
population living in the European Union aged 65 years and
older will increase by 70% in 2050, and the number of
octogenarians is expected to increase by 170%.18 This trend
will lead to an increase in the incidence and prevalence of
ESRD. At the same time, this age group may also be
considered a source for live donor kidney transplantation.
Raising the maximum age for live kidney donation will result
in more donors, but using older donors for live kidney
transplantation still remains controversial.

Donors aged 60–70 years

Segev et al.19 observed no significant difference in
perioperative mortality for different live kidney donor age
groups. Donors aged 50–59 years (hazard ratio (HR) 3.3; 95%
confidence interval (CI) 2.6–4.1) and donors aged 60 years or
older (HR 9.4; 95% CI 7.3–12.1) were associated with a
greater 12-year mortality rate when compared with donors
aged 18–39 years (HR 1). However, long-term mortality was
similar or lower for live kidney donors in comparison with
the healthy matched nondonor control cohort throughout
the 12-year follow-up period (1.5 vs. 2.9%; Po0.001). Thus,
no evidence was found that live kidney donors older than
50 years have an increased risk of mortality after donation.
O’Brien et al.20 determined whether acceptance of elderly and
obese living kidney donors was associated with a greater
perioperative risk and long-term complications. Therefore,
kidney donors were divided into groups, consisting of elderly
donors, obese donors, elderly and obese donors, and a
reference group. O’Brien et al. demonstrated no significant
differences in operative time, length of hospital stay,
estimated blood loss, and rate of early postoperative com-
plications between two groups of older live kidney donors
(62.0±1.5 and 68.2±2.6 years) and a reference group of
younger live kidney donors (42.3±10.4 years). Renal func-
tion parameters showed a significant decrease after donation,
but variation between the groups was not significant when
compared with the reference group (P40.28). Major compli-
cations and mortality rates were absent in the groups. Jacobs
et al.21 demonstrated that donor nephrectomy may be
performed safely in live kidney donors older than 60 years
of age. There were no significant differences between the
older (460 years) and younger (o40 years) live kidney
donors with regard to operative time (210.2±51.2 and
201.7±55.1 min, respectively), warm ischemia time (195.6±
99.8 and 170.3±95.9 s, respectively), and estimated blood
loss (157±266 and 112±121 ml, respectively). Intraopera-
tive and postoperative complication rates were also equiva-
lent between older and younger live kidney donors. In all,
9.5% of donors older than 60 years experienced
intraoperative complications, a similar rate as in donors
younger than 40 years, according to the authors (21%).
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Postoperative complications occurred in 21% of the elderly
donors and in 11.9% of the younger donors, respectively.
Furthermore, there was no increased length of hospital stay
for the older live kidney donors, and serum creatinine levels
during the postoperative hospital stay were identical. In a
systematic review by Young et al.22, no significant differences
were found between the younger and older donors, most
commonly defined as older than 60 years, when comparing
operative time (P¼ 0.11), blood loss (P¼ 0.90), and length
of hospital stay (P¼ 0.83). Klop et al. quantified the effect of
the surgical procedure on the quality of life of elderly donors
X60 years compared with younger donors. Their findings
demonstrate that elderly donors recover relatively fast. In a
different study, Klop et al.23 also demonstrated that the
prevalence of incisional hernias after live donor nephrectomy
is very low, and body image and cosmetic scores are excellent.
The mean age in the elderly group was 66 years, as compared
with 45 years in the younger group. Body mass index (BMI)
(mean 26 kg/m2 in both groups), type of operation (open in
25% vs. 23%), postoperative complication rate (10% and
9%), and length of hospital stay (median 3 days in both
groups) did not differ between groups. One month

postoperatively, inter-group analysis showed a significant
advantage in the quality of life in favor of the elderly group
regarding the SF-36 dimensions ‘bodily pain’, ‘role physical’,
and ‘vitality’. At 3 months, ‘bodily pain’ and ‘role physical’
were still in favor of the older group. At 6 and 12 months,
‘physical function’ was in favor of the younger group.24

Dols et al.25 demonstrated that median estimated blood loss
was significantly higher (230 (0–1285) vs. 180 (0–3000) ml;
P¼ 0.011) and median warm ischemia time was significantly
shorter (4 (1–13) vs. 5 (1–20) min; P¼ 0.024) in live kidney
donorsX60 years, when compared with donorso60 years.
Moreover, live kidney donors in the older group had a
significantly longer median length of hospital stay (4 (2–15)
vs. 3 (1–31) days; P¼ 0.012). The rates of minor and major
intraoperative and postoperative complications did not differ
significantly between the two groups. The older live kidney
donors had a lower GFR before donation, but there were no
significant differences in GFR decline between the two
groups. Five years after donation, significantly more of the
older live kidney donors had a GFRo60 ml/min compared
with the younger live kidney donors (131 (80%) vs. 94
(31%); Po0.001), but renal function was stable and no GFR
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Figure 1 | PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the systematic literature search.

Kidney International (2015) 87, 31–45 33

AR Ahmadi et al.: Shifting paradigms in eligibility criteria for live kidney donors r e v i e w



of less than 30 ml/min was observed. Some other studies
also recommend that healthy older-aged donors should
not be turned down because they do not seem to have a
greater risk of intraoperative and postoperative complica-
tions. Furthermore, long-term follow-up data show good
outcomes for donors of older age.26–53 Thus, live kidney
donation by older donors may be considered safe, as the
complications after donation are limited and GFR does not
progressively decline, at least not during relatively short-
term follow-up (median follow-up: 5.5 years). Multiple other,
smaller studies showed similar results.54–56 Recently,

Hourmant et al.57 published that despite reduced renal
function of an old kidney, the results of transplantation from
an old living donor appeared to be equivalent to deceased
transplantation from a younger donor. Finally, transplantation
from an old living donor appeared to be a reasonably safe
procedure for both the donor and the recipient, and age
alone is certainly not a contraindication for donation.

Donors over 70 years of age

The majority of elderly donors described in the aforemen-
tioned studies are between 50 and 70 years old. Older age has

Live kidney donation of extended criteria live kidney donors

Patient or population: extended criteria live kidney donors
Settings: several extended criteria as listed below
Intervention: live kidney donation

Outcomes
No. of participants

(studies)

Quality of
the evidence

(GRADE)
Comments

Women of childbearing age
Questionnaires
Timing of exposure:
0–40 years1

23,325
(2 studies2) Very low3,4

1814 cases and
22,015 controls
in case–control
studies

Hypertension
Follow-up: 1–20 years5

81,497
(7 studies6)

5924
(22 studies8)

90,027
(38 studies10)

14,878
(48 studies12)

347
(7 studies13)

Low

Low

Low

Low

Obesity
Follow-up: 0–5 years7

Older donor age
Follow-up: 0–10 years9

Vascular multiplicity
Follow-up: 0–10 years11

Minors as donors
Follow-up: 40 years Very low

1 Mean time of exposure of the two studies.
2 Two case-control studies.
3 Control groups consist of the general population.
4 Some comparisons were made with the general population.
5 Median follow-up of 5 years.
6 Four retrospective cohort studies, two case studies, one review.
7 Median follow-up of 12 months.
8 Prospective cohort studies, nine retrospective cohort studies, two case-control studies,
   two systematic reviews.
9  Median follow-up of 4.6 years.
10 Prospective cohort studies, 16 retrospective cohort studies, five case-control studies, 
     four case-series, one review.
11 Median follow-up of 1.1 year.
12 Prospective cohort studies, 43 retrospective cohort studies, one discussion.
13 Retrospective cohort study, one case-series study, one case–control study, two surveys, two reviews.
 

GRADE Working group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the
estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate. 

Figure 2 | Summary of findings table of extended criteria in live kidney donation generated by the GRADE tool.
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a wide age range. A subdivision in these older-age categories
will provide a clear overview of the currently available data
concerning the safety of donation in these specific age
populations. Berger et al.56 studied the outcome of living
kidney donors aged 70 years and older. A total of 219 healthy
adults aged older than or equal to 70 years donated a kidney.
Competing risk models with matched controls were used to
study the independent association between older donor age
and donor survival. Survival among live donors aged 70 years
was 95.8% (95% CI 91.4–98.1%) at 5 years and 90.0% (95%
CI 83.5–94.0%) at 10 years. Among matched nondonor
controls from the general population, survival was 91.8%
(95% CI 87.3–94.7%) at 5 years and 73.0% (95% CI
65.6–79.0%) at 10 years. Mortality among live kidney
donors aged 70 years and older was no higher than that in
healthy matched controls drawn from the National Health
and Nutrition Examination Survey III (NHANES-III) cohort;
in fact, mortality rates were lower, probably reflecting greater
selectivity among older live donors than could be captured in
NHANES-III (HR 0.37, 95% CI 0.21–0.65, Po0.001). These
findings support that live donation among donors aged
above 70 years is safe. The study of Dols et al.,25 as mentioned
before, included 25 (5%) donors aged 70 years or older. The
mean age in this group was 74 (74–90) years. No significant
differences in operative time, complications, conversions, or
development of hypertension were observed in comparison
with the group younger than 70 years. However, hospital stay
was significantly longer for donors aged 70 years or older
(5 vs. 4 days, Po0.001), possibly explained by the social con-
ditions needed to offer these donors adequate care in their
home situation. Ivanovski et al.44 presented their 20-year
experience with 230 living donor renal transplantations using
elderly individuals, with 90 of them being older than 65
years, and a mean age of 68±4.5; (range 65–86 years). There
were no significant surgical complications among the kidney
donors. Their findings confirmed that donor nephrectomy is
a safe procedure even in donors over 65 years of age.

Little data are available related to live kidney donation in
donors older than 70 and 80 years. This is due to the fact that
many previous studies generalized ‘older donors’ as donors
over 60 years, and a subdivision in older ages is generally not
made. Moreover, some transplant centers are reluctant selecting
donors over 70 years or even 80 years of age.9 Another
limitation for excluding donors older than 70 years is fear of
delayed graft function by transplant physicians.58,59

Recommendation. We conclude that an older age (at least
up to the age of 70) is no contraindication for living kidney
donation. Little data are available about live kidney donors
aged over 70 or 80 years. However, data that are available for
these specific donors show that donor nephrectomy is a safe
procedure and survival of donors is comparable to that of
general populations. Besides the fact that older age does not
seem to have a negative impact on the outcome after donor
nephrectomy, it is not necessarily actual age itself, but renal
function, the presence of other comorbidities, and overall
health that will determine whether an older live kidney donor

should be included or excluded. In other words, biological
age rather than actual age seems to be important. A current
view is that a possible impaired renal function and health
after donor nephrectomy may be considered more acceptable
for older live kidney donors than for younger live kidney
donors. The largest prospective follow-up study reporting on
the quality of life of the donor was conducted by Klop et al.60

It demonstrates that the elderly donor had an advantage in
three of the four end points during the follow-up and that the
quality of life is comparable between donor groups. This
perspective of excellent postoperative quality of life may
actually convince older people to donate.60

Level of evidence for this extended criterion:

Level 1: 2% Level 4: 2%
Level 2: 23% Level 5: 0%
Level 3: 74% Grade of recommendation: B

Obesity

Guidelines. The British guidelines recommend that
otherwise healthy overweight individuals (BMI 25–30 kg/
m2) may safely proceed to kidney donation. Moderately
obese individuals (BMI 30–35 kg/m2) should undergo careful
preoperative evaluation to exclude cardiovascular, respira-
tory, and kidney disease. The guidelines also suggest that as
data on the safety of kidney donation in the very obese
(BMI435 kg/m2) are limited, such individuals should be
discouraged from donating.12 The CARI guidelines consider
obesity (BMI430 kg/m2) a relative contraindication to
donation.15 In addition, potential donors who are obese
should be very carefully assessed for risk factors associated
with chronic kidney disease. These include impaired glucose
tolerance, hypertension, and proteinuria. The presence of
obesity and a second risk factor should be considered a
contraindication to donation. The Canadian guideline does
not provide any recommendations concerning obese donors,
neither does the European Association of Urology.13,14

Literature. A BMI 435 kg/m2 is considered a relative
contraindication for live kidney donation.9 In the general
population, obesity is associated with proteinuria and hyper-
tension, and may lead to ESRD.10,61 Praga et al.62 studied
obesity as a potential risk factor for renal insufficiency after
nephrectomy for reasons other than donation. Long-term
follow-up demonstrated a correlation between the develop-
ment of proteinuria and some level of renal insufficiency with
a BMI430 kg/m2. The question remains whether this is also
applicable to donors with obesity. The following consensus
guidelines regarding obesity were adopted at the Interna-
tional Forum for the Care of the Live Kidney Donor held in
Amsterdam in 2004:11

� Individuals with a BMI435 kg/m2 should be discouraged
from donating, especially when other comorbidities are
present.

� Obese individuals should be encouraged to lose weight
before kidney donation and should be advised not to
donate if they have other associated comorbidities.

Kidney International (2015) 87, 31–45 35
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� Obese individuals should be informed of both acute and
long-term risks, especially when other comorbidities are
present.

Healthy lifestyle education should be available to all living
donors. A recent survey in the UK showed that there is an
inconsistency in accepting donors with a BMI430 kg/m2.63

Tavakol et al.64 showed that obese live kidney donors
(BMIX30 kg/m2) have no increased risk of reduced renal
function after donation when compared with nonobese live
kidney donors (BMIo30 kg/m2), but that there is an
increased risk of developing hypertension (odds ratio 4.02;
95% CI 1.20–13.00; P¼ 0.021) and other risk factors for
cardiovascular disease, such as abnormal high-density lipid
cholesterol levels (odds ratio 4.5; 95% CI 1.3–15.0;
P¼ 0.015), at a mean follow-up of 11 years. However,
when donors were compared with BMI-matched two-kidney
control subjects to determine whether this increase was due
to nephrectomy, obesity, or a combination of both, the rates
of hypertension and lipid abnormalities in obese donors were
similar to the rates observed in the obese two-kidney control
subjects. Two-kidney control subjects were matched with
donors for current BMI, current age, race, gender, diabetes,
and smoking history. Individuals with known renal disease
and other significant medical comorbidities, with the excep-
tion of hypertension and dyslipidemias, were excluded. This
suggests that the increased risks were attributable to obesity
rather than the nephrectomy itself. O’Brien et al.20 showed
that operative time, estimated blood loss, and length of
hospital stay were not significantly increased in obese live
kidney donors (BMI 31.9±1.2 and 38.0±3.4 kg/m2) in
comparison with nonobese live kidney donors (BMI
24.9±2.8 kg/m2). Early postoperative complication rates
were not significantly different, although subgroup analysis
demonstrated a higher incidence of respiratory complications
at the extremes of obesity (BMIX40 kg/m2), with 57% of
these donors requiring antibiotic therapy for suspected
pneumonia (Po0.01). On follow-up, renal function param-
eters showed significant changes post-nephrectomy, but
variation between all groups was not significant when com-
pared with the reference group (P40.28). Heimbach et al.65

found an increased risk of minor surgical complications,
especially wound complications, in obese live kidney donors
(BMI 30–34.9 and BMIX35 kg/m2) when compared with
nonobese live kidney donors (BMIo25 kg/m2) (11 (10%), 5
(9%), and 4 (2%) donors, respectively (Po0.05)). The rate of
major surgical complications was low and comparable in all
groups of live kidney donors, and a similar length of hospital
stay was observed. Operative times were significantly longer
for obese live kidney donors. At 6 to 12 months after
donation, renal function and microalbuminuria did not
differ according to BMI. Reese et al.66 reported that live
kidney donors with an increased BMI have higher mean
blood pressures at baseline and after nephrectomy, but that
changes in blood pressure were not related to BMI. Higher
donor BMI at baseline did not increase the risk of

reoperation, readmission, vascular or other complications,
or increase the length of hospital stay. At six months follow-
up, the relative changes in donor serum creatinine and GFR
were similar across BMI groups (P¼ 0.62). Differences in
mean absolute estimated GFR across BMI groups, although
statistically significant, were not clinically important
(62.0 ml/min per 1.73 m2 for normal-weight donors
(BMIo25 kg/m2) vs. 59.9 for overweight donors (25pBMI
o30 kg/m2), 60.6 for obese donors (30pBMIo35 kg/m2),
and 62.7 for very obese donors (BMIX35 kg/m2); Po0.01)
and did not rise consistently across BMI categories
(P¼ 0.62). Young et al.22 showed that intraoperative
outcomes including operative time and estimated blood
loss were marginally increased in obese groups, where the
pooled estimate of the mean increase in blood loss amounted
to 57 ml and that of operative time to 20 min. Recently, we
published a systematic review and meta-analysis of the
aforementioned studies and the current literature regarding
perioperative outcome of live donor nephrectomy between
high and low BMI donors (X30 vs. p29.9 kg/m2).67

Significant differences were found in favor of low-BMI
donors (p29.9 kg/m2): a difference in mean operation
duration of 16.9 min (CI 9.1–24.8; Po0.0001), a difference
in mean rise in serum creatinine of 0.05 mg/dl (CI 0.01–0.009;
P¼ 0.02), and a risk ratio for conversion of 1.69 (CI
1.12–2.56; P¼ 0.01). No significant difference in warm
ischemia time, blood loss, length of hospital stay, the
number of perioperative complications (such as bleeding,
conversion, wound complications, urinary tract infections,
readmission, and reoperation), and change in GFR were
found. In a subanalysis, no significant differences in
aforementioned outcome measures were found between
kidney donors with a BMI of 30–34.9 kg/m2 compared with
those with a BMI of 35 kg/m2 and higher. The authors
conclude that regarding short-term outcome a high BMI
itself should not be a contraindication for live kidney
donation. Various other studies have reported on the
feasibility of live kidney donation from obese donors.33,68–79

Recommendation. On the basis of the available litera-
ture, we conclude that the selection of potential kidney
donors should not be based on BMI alone. A high BMI,
irrespective of its actual value, should not be considered as an
absolute contraindication for living kidney donation. The
transplant community should carefully screen each indivi-
dual obese donor for other comorbidities and make a
selection based on those results. Donation in obese living
kidney donors appears to be safe. However, the selection for
donation by an obese potential donor should be a careful
individualized process, where all possible comorbidities must
be carefully interpreted. The most important factor is the
pretransplant renal function and, obviously, the reserve
capacity of the remaining kidney. The donors’ health should
always be prioritized, especially in this selective group, as data
on long-term renal function of obese donors are scarce.
In addition, counseling should be provided to control weight,
and appropriate medical follow-up should be maintained
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after donation. Worldwide consensus is that all individuals
with a BMI440 kg/m2 (regardless of a wish for donation)
should be considered to undergo bariatric surgery.80

Furthermore, we advocate bariatric surgery for all potential
donors with a BMI440 kg/m2, in which standard dietary
restriction results in insufficient weight loss. One must bear
in mind that long-term follow-up of obese renal donors is
limited, as obesity has been considered a relative contra-
indication to donation until now. Therefore, little evidence
is available regarding obese individuals with comorbidities
such as hypertension or older age, who have donated their
kidney.

Level of evidence for this extended criterion:

Level 1: 10% Level 4: 10%
Level 2: 5% Level 5: 0%
Level 3: 75% Grade of recommendation: B

Hypertension

Guidelines. Hypertension (defined as blood pressure
4140/90 mm Hg)81 has been considered to be a contrain-
dication for live kidney donation, but the exact risk for
donors with a raised blood pressure has not yet been
determined. Guidelines regarding hypertensive donors were
adopted at the aforementioned forum in Amsterdam in
2004.11 These guidelines recommend the following: Patients
with a blood pressure4140/90 by ambulatory blood pressure
monitoring (ABPM) should generally not be accepted as
donors; blood pressure should preferably be measured by
ABPM, particularly among older donors (450 years) and/or
those with high office blood pressure readings; some patients
with easily controlled hypertension who meet other defined
criteria (e.g.,450 years of age, GFR480 ml/min, and urinary
albumin excretiono30 mg/day) may represent a low-risk
group for the development of kidney disease after donation
and may be acceptable as kidney donors; donors with
hypertension should be regularly followed up by a physician.
The British guidelines recommend that potential donors
with blood pressure o140/90 mm Hg should be considered
as normotensive and therefore suitable for donation on
the basis of blood pressure. The presence of mild–moderate
hypertension that is controlled with 1–2 antihypertensive
agents is not a contraindication to donation, provided that
significant end-organ damage has been excluded. Last, they
recommend that evidence of hypertensive end-organ damage,
poorly controlled hypertension, or hypertension that requires
more than two drugs to achieve adequate control are
relative contraindications to donor nephrectomy.12 The
CARI guidelines consider elevated blood pressure above
140/90 mm Hg as a relative contraindication for donation.16

Donors with evidence of end-organ damage related to
hypertension, for example, retinopathy, left ventricular
hypertrophy, proteinuria, or poorly controlled hypertension
(requiring more than two agents), should not be considered
for donation. The Canadian guidelines do not include recom-
mendations regarding hypertensive donors.13 The European

Association of Urology only states that uncontrolled hyper-
tension is an absolute exclusion criterion of these potential
living kidney donors.14

Literature. To date, few articles have been published
regarding the outcome of accepting hypertensive live kidney
donors for donation. Segev et al.19 showed that hypertension
in live kidney donors was associated with an increased
mortality rate within 3 and 12 months after donor nephrec-
tomy (risk ratio 27.4; 95% CI 5.0–149.5; Po0.001), although
this was solely based on a small number of donors among the
total donor population with hypertension. Therefore, the
magnitude of the excess risk remained uncertain. In addition,
a systolic blood pressure of 120–139 or X140 mm Hg was
associated with higher 9-year mortality rates when compared
with a systolic blood pressure of less than 120 mm Hg (HR
1.2, 95% CI 0.8–1.6; HR 1.7, 95% CI 1.1–2.9, respectively).
Long-term risk of mortality was not higher for live kidney
donors than for a healthy matched nondonor control cohort
throughout the 12-year follow-up period (1.5 vs. 2.9%;
Po0.001). Textor et al.82 showed that hypertension in live
kidney donors (awake ABPM 142±3/85±2 mm Hg, clinic
blood pressure 155±3/88±2 mm Hg and nurse blood
pressure 136±3/78±2 mm Hg) with otherwise normal
GFR and protein excretion has no measurable adverse
effects on the donor during the first year after nephrectomy
regarding blood pressure, GFR, serum creatinine, urinary
protein excretion, and urinary microalbumin. Tent et al.83

demonstrated that hypertensive live kidney donors (awake
ABPM 139±16/82±10 mm Hg) show a similar course in
postdonation renal function and blood pressure when
compared with normotensive donors (awake ABPM
129±12/77±8 mm Hg), and that hypertensive donors do
not have an increased risk of renal function loss up to 5 years
after donation. Young et al.22 compared live kidney donors
with hypertension with donors without hypertension. The
results regarding the decrement in GFR after donor
nephrectomy were conflicted, substantially heterogeneous,
and not pooled (a mean difference in GFR decrement
between hypertensive and normotensive donors of 4 ml/min
per 1.73 m2 (95% CI � 1 to 10) vs. a mean difference of � 8
(95% CI � 12 to � 4)). Hypertension in live kidney donors
was also not associated with a greater increase in blood
pressure after donor nephrectomy. Rather, blood pressure
appeared to decrease more in hypertensive than in
normotensive donors after donation. Some other studies
reported positive outcome on including hypertensive
donors.38,84–86

Recommendation. Hypertension should remain a relative
contraindication for live kidney donation. Hypertensive live
kidney donors with a blood pressure of approximately 140/
90 mm Hg, established by 24-h ambulatory blood pressure
measurement (ABPM) and normal renal function, show
similar postdonation blood pressure and renal function as
normotensive living kidney donors. However, based on the
evidence available, the exact degree of hypertension and renal
function has not yet been established. In general, the
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manageability of the hypertension, the presence of other
comorbidities, and overall health determine whether
individuals with hypertension should be included or
excluded as live kidney donors. These conclusions are
also in accordance with the consensus guidelines that were
adopted at the Amsterdam Forum in 2004, further stressing
the importance of observing these guidelines among
transplant centers.11

Level of evidence for this extended criterion:

Level 1: 12.5% Level 4: 12.5%
Level 2: 0% Level 5: 0%
Level 3: 75% Grade of recommendation: B

Vascular multiplicity

Guidelines. Surprisingly, no guidelines regarding live
kidney donors with multiple renal arteries or veins are
available and stated in the consensus of the Amsterdam
Forum in 2004, whereas some centers repeatedly exclude live
donor kidneys with more than one artery.87 With regard to
this matter, the British guidelines state that multiple renal
arteries or kidneys with anatomical anomalies are not
absolute contraindications to donation. Decisions should be
made on an individual basis as part of a multidisciplinary
team meeting.12 They also state that multiple renal arteries
are associated with an increased incidence of complications
in the recipient. Again, the Canadian guidelines, the
guidelines of the European Association of Urology, and the
CARI guidelines do not propose any recommendations
concerning arterial or venous multiplicity.13,14,16

Literature. Kidneys with multiple arteries are common in
the general population and thus in potential live donors.
Autopsy studies have suggested a prevalence of 18%–30%
for multiple renal arteries, with 15% being bilateral.88,89

The presence of multiple renal arteries presents a challenge,
because it may affect both donor safety and recipient
outcome. This is because having multiple renal arteries may
lead to intraoperative technical difficulties and complica-
tions, such as increased operative time, complicated dissection,
or bleeding. Furthermore, either (arterial) reconstructions
need to be created after extraction of the kidney or multiple
arterial anastomoses are needed in the recipient, both
associated with an increased risk for complications.90 One
other study reported on ureteral complications in recipients
after donor nephrectomy of kidneys with multiple vessels.91

Ureteral complications occurred in 6 of 36 (17%) recipients
of kidneys with reimplanted accessory arteries compared with
10 of 312 (3%) control recipients and 1 of 13 (8%) recipients
of kidneys with ligated accessory arteries (P¼ 0.0013). Kok
et al.92 showed that accessory arteries to the lower pole
correlated with an increased rate of ureteral complications
(P¼ 0.01). These complications consisted of one distal ureteral
necrosis because of thrombosis of the inferior pole accessory
vessel, and one other patient developed an ureteral stricture
10 days following transplantation. Several studies have been

conducted in the past decade regarding the outcome of renal
artery multiplicity in live donors.93–98 Desai et al. observed
that, when compared with live donors with a single renal
artery, live donors with two renal arteries and donors with
early branching had a significantly longer graft retrieval time
(3.9±1.4 and 3.9±0.8, respectively, vs. 3.5±1.0 min; P¼ 0.03
and P¼ 0.01, respectively) and longer operative time (166.3±
49.1 and 162.4±41.5, respectively, vs. 147.6±44.1 min;
P¼ 0.02 and P¼ 0.04, respectively).93 However, all donors
were equivalent in terms of postoperative analgesia use and
length of hospital stay. Intraoperative and postoperative
complications did occur, but none of the complications were
related to the number of vessels. In addition, no bleeding
complications were observed in donors with multiple
vessels. Although the serum creatinine level was higher in
the multiple-vessel group at 1 day, at 1 month and 1 year, the
difference was not statistically significant. Moreover, the overall
graft outcome was similar in all groups, implying low clinical
relevance. Paragi et al.98 observed no significant difference in
postoperative serum creatinine (Po0.31), mean estimated
blood loss (Po0.75), complication rate (P40.99), or length of
hospital stay (Po0.28) between single and multiple-artery
donor kidneys. Only operative time was significantly different
between the two groups in favor of the donors with a single
artery (119±43 vs. 128±40 min; Po0.01). On the contrary,
Hsu et al.99 showed that the presence of multiple renal arteries
was not associated with a significantly longer operative time:
the comparison between donors with one and two renal
arteries showed no significant difference in mean total
operative time (P¼ 0.14), as well as the comparison between
donors with one and three renal arteries (P¼ 0.65) and two
and three renal arteries (P¼ 0.74). Moreover, no relation was
found between the number of renal arteries and estimated
blood loss, complication rate, and length of hospital stay. In
addition, more studies demonstrate that arterial multiplicity is
not a contraindication to donation.87,93,94,100–133 Besides renal
artery multiplicity, vascular anomalies may also concern
venous anomalies. Whereas most studies concern the impact
of multiple renal arteries only, in 2008 Fettouh et al.97 also
included donors with venous anomalies. They demonstrated
that when comparing the results of live kidney donors with
vascular anomalies with donors without vascular anomalies,
only operative time was significantly increased in donors with
vascular anomalies (161±35 vs. 131±26 min; Po0.05). No
significant differences were observed in estimated blood loss,
hospital stay, and readmission.

Recommendation. Vascular anomalies (in particular,
arterial multiplicity up to 3 renal arteries) should not be a
contraindication for live kidney donation. The presence of
multiple renal arteries or veins may present a challenge to the
donor’s surgeon, but inherent longer operative times have no
negative impact on outcome of the donor after living donor
nephrectomy. With modern surgical techniques and high
surgical skills, neither renal artery multiplicity nor venous
anomalies seem to pose any significant danger to the living
kidney donor. With the optimization of the preoperative
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imaging nowadays (specifically CT scans), we are able to
meticulously define the anatomy and therefore can choose
the kidney with the least complex vascular anatomy. During
the early years of the donor nephrectomy, preoperative angio-
graphy was used. In the following years, MRI was introduced;
however, both were considered suboptimal in the more com-
plex anatomical cases.92 Nowadays, in most centers, the CT
scan is a gold standard and is considered to be more sensitive
in correctly assessing the complex vascular anatomy.134–136

A small accessory artery that supplies a minor part of the
upper pole (subjectively assessed using predonation CT
scans) can be safely sacrificed.137 However, an accessory
artery that vascularizes the lower pole and inherently the
proximal part of the ureter must be saved and reconstructed
after nephrectomy. Ali-El-Dein et al.119 proved that bench
surgery is as effective as intracorporeal reconstruction of the
anastomosis of multiple renal arteries, with no increase in the
incidence of relevant complications for the recipient.

Nevertheless, it should be noted that most living
donors with multiple renal arteries in the reported
studies were donors with a maximum of three renal
arteries.47,92,93,95–99,111–113,115,116,118–123,126,128,129,131 Only a
minority of the donors with multiple renal arteries had
four or more renal arteries.92,93,95,98,112,113,119,121–123

Moreover, as no literature is available on donors with more
than four renal arteries, we cannot draw any definitive
conclusions in this regard. Thus, the results from these
studies are probably best applied to living donors with up to
three renal arteries.

Level of evidence for this extended criterion:

Level 1: 0% Level 4: 5%
Level 2: 2% Level 5: 0%
Level 3: 93% Grade of recommendation: B

Women of childbearing age as potential donors

Guidelines. The Amsterdam Forum Guidelines state that
donor nephrectomy is not detrimental to the prenatal course
or outcome of future pregnancies. It is recommended,
however, to delay pregnancy until at least 2 months after
nephrectomy to assess renal compensation before concep-
tion, with evaluation including blood pressure, GFR, and
assessment for microalbuminuria. The British Guidelines
state that the presence of a solitary kidney does not appear to
pose a significant risk during the course of a normal
pregnancy, and outcomes for pregnant kidney donors are
considered comparable to those in the general population.
Other guidelines give no statements regarding this subject.

Literature. Ibrahim et al.138 published a large survey in
2009 of 2102 women who had donated a kidney, in which
fetal and maternal outcomes and pregnancy outcomes after
kidney donation were similar to those reported in the general
population. However, postdonation pregnancies were
associated with a lower likelihood of full-term deliveries
compared with predonation pregnancies (73.7% vs. 84.6%,
P¼ 0.0004) and a higher likelihood of fetal loss (19.2% vs.

11.3%, Po0.0001). Furthermore, postdonation pregnancies
were also associated with a higher risk of gestational diabetes,
gestational hypertension, proteinuria, and preeclampsia (all
Po0.0001). In 2009, Reisaeter et al.139 published that in 326
donors the occurrence of preeclampsia was more common in
pregnancies after donation (5.7% vs. 2.6%, P¼ 0.026). No
differences were observed in the occurrence of adverse
pregnancy outcome in kidney donors compared with the
general population.

Recommendation. On the basis of the literature that is
available on this topic, there is no evidence to conclude that
women of childbearing age should be declined as potential
kidney donors. However, one must bear in mind that
comparison with the general population may be prone to
confounding, because live kidney donors are generally
considered to be in better health. Most importantly, the
effects of donation on maternal and fetal outcomes should be
part of the routine discussion about the risks of donation
during the informed consent procedure.

Level of evidence for this extended criterion:

Level 1: 0% Level 4: 100%
Level 2: 0% Level 5: 0%
Level 3: 0% Grade of recommendation: C

Minors as kidney donors

Guidelines. The Amsterdam Forum Guidelines state that
with the excellent outcome of specified live donor kidney
transplantation using adult donors that are genetically
unrelated, minors less than 18 years of age should not be
used as living kidney donors. The British Guidelines state
that the moral arguments for not subjecting young people,
under the age of 18 years, to the rigors of living kidney
donation are compelling and minors should rarely, if ever, be
considered as potential living donors. However, some regard
the use of an identical twin as an acceptable child donor, on
the basis that the outcome for the recipient twin is excep-
tional and because the relationship between identical twins is
so close that restoring the health of the recipient confers
major psychological benefit for the donor.140 This view is
highly controversial and has been challenged.141,142

Literature. In 1997, Spatel et al.143 performed a survey
amongst 117 US transplant centers. The great majority of
responding centers (68%) required living donors to be at
least 18 years old. They state that in unusual circumstances in
which no other suitable donor is available, consenting mature
minors, and even rare immature minors who are highly likely
to benefit from donating, may be ethically acceptable. In
2002, Delmonico et al.144 performed an analysis of the UNOS
database and concluded that a minor may ethically act as a
live organ donor when the potential donor and recipient are
both highly likely to benefit (as in the case of identical twins);
when the surgical risk for the donor is extremely low;
when all other opportunities for transplantation have
been exhausted; when no potential adult living donor is
available, and timely and/or effective transplantation from a
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cadaver donor is unlikely; and when the minor freely agrees
to donate without coercion (established by the independent
donor advocate). Recently, Thys et al.145 published a
systematic review about this topic, combining all available
guidelines, publications, and reports. They conclude that 27
out of 39 ‘guidelines’ endorse a prohibition of living kidney
donation by minors. In contrast, 12 guidelines exceptionally
allow living kidney donation by minors, provided that
adequate safeguarding mechanisms are present. These
include an assessment of the minor’s decision-making
capacity and best interests by an independent competent
body. MacDonald et al.146 recently showed that, during long-
term follow-up (mean 31.6 years), pediatric donors do not
have a greater risk of developing hypertension or diabetes and
have a significantly lower risk of developing an estimated
GFRo60.

Recommendation. We recommend that minors (aged
o18 years) should not be considered as kidney donors,
except in rare cases where no other options are available for
the recipient.

Level of evidence for this extended criterion:

Level 1: 0% Level 4: 87.5%
Level 2: 12.5% Level 5: 0%
Level 3: 0% Grade of recommendation: C

General conclusions. The transplant community’s attempt
to extend donor eligibility criteria has led to a shift in
accepting live kidney donors with more comorbidities over
the years. The main concern with this trend is the safety of
the potential live kidney donor and the outcome of the
recipient. Furthermore, there is a lack of international
consensus. This accounts for the (in some cases major)

differences in donor criteria between transplant centers. Four
of the most common comorbidities discussed in our review
are considered to be a contraindication for donation.

As pointed out before, the most important aspect in
selecting possible live kidney donors is their safety. A live
kidney donor is generally in good health. The transplant
community should be aware of this fact and realize that the
donor should not become a patient. Moreover, because
donors do not directly benefit from the procedure, especially
this particular group should be treated with the best medical
attention. In the current era, in which efforts are made to
increase the donor pool by increasingly accepting extended
criteria donors, we should be extremely careful in the
selection process.

Few similar studies are conducted regarding these comor-
bidities to live kidney donation. The United Kingdom has
established guidelines regarding the majority of comorbid-
ities to live kidney donation in May 2011.12 The UK guide-
lines are in concordance with the findings of this review
regarding older age, overweight/obesity, hypertension, and
vascular anomalies. Serur et al.147 conducted a similar
study on the available data on high-risk donors and the
appropriateness of accepting them as live kidney donors.
However, in this review, we focused on the most controversial
donor criteria for acceptance. We performed a systematic
review, including all available literature, and thereby studied
the outcome in a comprehensive donor population with an
extensive follow-up duration, aiming to establish the optimal
criteria for safe live kidney donation regarding these extended
donor criteria.

Limitations. Even though our findings support the
inclusion of donors with older age, obesity, hypertension,
vascular anomalies, and women of childbearing age for live

Figure 3 | Oxford Centre for Evidence-based Medicine—Levels of Evidence. (a) Oxford Centre for Evidence-based Medicine Levels of
Evidence Scales. (b) Oxford Centre for Evidence-based Medicine Grades of Recommendation. CDR, clinical decision rule; RCT, randomized
controlled trials; SR, systematic review.*, By homogeneity we mean a systematic review that is free of worrisome variations (heterogeneity) in
the directions and degrees of results between individual studies. Not all systematic reviews with statistically significant heterogeneity need be
worrisome, and not all worrisome heterogeneity need be statistically significant. As noted above, studies displaying worrisome heterogeneity
should be tagged with a "-" at the end of their designated level. w, Clinical Decision Rule. (These are algorithms or scoring systems that lead to a
prognostic estimation or a diagnostic category.) z, See note above for advice on how to understand, rate, and use trials or other studies
with wide confidence intervals. y, Met when all patients died before the Rx became available, but some now survive on it, or when some
patients died before the Rx became available, but none now die while on it. yy, A poor-quality cohort study is one that failed to clearly define
comparison groups and/or failed to measure exposures and outcomes in the same (preferably blinded) objective way in both exposed and
nonexposed individuals, and/or failed to identify or appropriately control known confounders, and/or failed to carry out a sufficiently long and
complete follow-up of patients. A poor-quality case–control study is one that failed to clearly define comparison groups
and/or failed to measure exposures and outcomes in the same (preferably blinded) objective way in both cases and controls and/or failed to
identify or appropriately control known confounders. yyy, Split-sample validation is achieved by collecting all the information in a single
tranche, then artificially dividing this into derivation and validation samples. ww, An "Absolute SpPin" is a diagnostic finding whose Specificity is
so high that a Positive result rules-in the diagnosis. An "Absolute SnNout" is a diagnostic finding whose Sensitivity is so high that a Negative
result rules-out the diagnosis. www, Good reference standards are independent of the test, and applied blindly or objectively to applied to all
patients. Poor reference standards are haphazardly applied, but are still independent of the test. Use of a non-independent reference standard
(where the ’test’ is included in the ’reference’, or where the ’testing’ affects the ’reference’) implies a level 4 study. wwww, Better-value treatments
are clearly as good but cheaper, or better at the same or reduced cost. Worse-value treatments are as good and more expensive, or worse and
the equally or more expensive. **, Validating studies test the quality of a specific diagnostic test, based on prior evidence. An exploratory
study collects information and trawls the data (e.g., using a regression analysis) to find which factors are ’significant’. ***, A poor quality
prognostic cohort study is one in which sampling was biased in favor of patients who already had the target outcome, or the measurement of
outcomes was accomplished in o80% of study patients, or outcomes were determined in an unblinded, non-objective
way, or there was no correction for confounding factors. ****, Good follow-up in a differential diagnosis study is 480%, with adequate time for
alternative diagnoses to emerge (for example 1–6 months acute, 1–5 years chronic).
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kidney donation, one needs to bear in mind that the long-
term outcome (longer than 20 years) for these donors has yet
to be established. Moreover, some of the studies that concern

the outcome of extended eligibility criteria for the live kidney
donor have limitations, such as single-center experience, retro-
spective study design, small sample sizes, and non-matched

Therapy/prevention,
Etiology/harm

Prognosis Diagnosis Differential
diagnosis/symptom
prevalence study

Economic and 
decision analyses

Level

1a

1b

1c

2a

2b

SR (with homogeneity*)
of RCTs

SR (with homogeneity*)
of inception cohort
studies; CDR† validated
in different populations

SR (with homogeneity*)
of level 1 diagnostic
studies; CDR† with 1b
studies from different
clinical centers

SR (with homogeneity*)
of prospective cohort
studies

SR (with homogeneity*)
of level 1 economic studies

Individual RCT
(with narrow confidence
interval‡)

Individual cohort study
(including low quality RCT;
e.g. <80% follow-up)

Individual inception
cohort study with >
80% follow-up; CDR†

validated in a single
population

Validating** cohort study
with good††† reference
standards; or CDR† tested
within one clinical center

Prospective cohort study

with good follow-up****
Analysis based on clinically
sensible costs or
alternatives; systematic
review(s) of the evidence;
and including multi-way
sensitivity analyses

All or none§ All or none case series Absolute SpPins and
SnNouts††

All or none case series Absolute better-value or
worse-value analyses††††

SR (with homogeneity*) 
of cohort studies

SR (with homogeneity*) 
of either retrospective
cohort studies or untreated
control groups in RCTs

SR (with homogeneity*) 
of level>2 diagnostic
studies

SR (with homogeneity*) 
of level>2 economic
studies

SR (with homogeneity*)
of 2b and better studies

SR (with homogeneity*) 
of 3b and better studies

SR (with homogeneity*) 
of 3b and better studies

SR (with homogeneity*) 
of 3b and better studies

SR (with homogeneity*) 
of case–control studies

Individual case–control

Retrospective cohort
study or follow-up of
untreated control
patients in an RCT;
derivation of CDR†

or validated on split
sample§§§ only

Exploratory**cohort
study with good†††

reference standards;
CDR† after derivation,
or validation only on
split sample§§§ or
databases

Retrospective cohort
study or poor follow-up

Analysis based on limited
alternatives or costs, poor-
quality estimates of data,
but including sensitivity
analyses incorporating
clinically sensible variations 

Analysis with no sensitivity
analysis

Audit or outcomes research

Analysis based on
clinically sensible costs or
alternatives; limited
review(s) of the evidence,
or single studies; and
including multi-way
sensitivity analyses.

Ecological studies‘Outcomes’ research‘Outcomes’ research;
ecological studies

Expert opinion without
explicit critical appraisal, or
based on economic theory,
or ‘first principles’

Expert opinion without
explicit critical appraisal, or
based on physiology, bench
research, or ‘first principles’

Expert opinion without
explicit critical appraisal, or
based on physiology, bench
research, or ‘first principles’

Expert opinion without
explicit critical appraisal, or
based on physiology, bench
research, or ‘first principles’

Expert opinion without
explicit critical appraisal, or
based on physiology, bench
research, or ‘first principles’

Non-consecutive cohort
study, or very limited
population

Non-consecutive study;
or without consistently
applied reference standards

Case series or superseded
reference standards

Case–control study, poor
or non-independent
reference standard

Case series (and poor-
quality cohort and case-
control studies§§

Case series (and poor-
quality prognostic

cohort studies***)

5

4

3b

3a

2c

d    Level 5 evidence or troublingly inconsistent or inconclusive studies of any level

a    Consistent level 1 studies

b    Consistent level 2 or 3 studies or extrapolations from level 1 studies

c    Level 4 studies or extrapolations from level 2 or 3 studies
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cohorts. It is important to remain cautious when drawing
hard conclusions from these studies regarding the extended
live kidney donor criteria. In this respect, again, we also like
to emphasize the importance of long-term follow-up.
Furthermore, regarding older donors, little data are available
regarding the age groups of older than 70 or even 80 years.
Although we conclude that older age in itself is no
contraindication, careful consideration is warranted regard-
ing the upper age ranges.

In this systematic review, we have assessed a number of
individual extended criteria. However, the transplant com-
munity should be aware that in the future an increasing
number of potential donors will have more than one
extended criterion. Although one specific criterion can be
harmless, a combination of several criteria could pose a
problem regarding donor safety, both in short-term and
long-term consequences. By conducting this review, we did
not create any insight in this important issue.

Another important point is the scoring of the evidence.
Although the GRADE method is a great tool to score the level
of evidence, regarding our extended criteria, no randomized
controlled trials can be performed. Thus, all available
literature are observational studies, automatically resulting
in a lower evidence scale. This is one of the reasons why also
the Oxford Level of Evidence scale is included.

Despite the limitations in currently available literature, we
conclude that older age, obesity, hypertension, vascular
anomalies, and women of childbearing age are no absolute
contraindications for live kidney donation. Accepting donors
with these conditions has great potential in diminishing the
kidney donor shortage. With regard to contraindications for
live kidney donation, it must be emphasized that every
potential donor should be approached individually and that
no generalizations should be made. It is of utmost impor-
tance, as mentioned above, that potential risks for the donor
should be avoided. Another important aspect in our opinion
is the experience of the transplant team and inherent center
volume. It should be emphasized that, especially in the
extended donor criteria donors, the entire ‘procedure’ of
donor selection/screening and informed consent should be
performed by a dedicated team, consisting of nephrologists,
transplant surgeons, cardiologists, transplant coordinators,
social workers, dietitians, and nursing staff, who are recog-
nized for their expertise in this specific field. In relatively low-
volume centers, inherently the experience could be less and
therefore we feel that extended criteria donors should be
referred to a high-volume center.

Altogether, selecting extended criteria live kidney donors
has to be a well-considered multidisciplinary decision, and all
options should be explored beforehand, as the use of live
kidney donors without comorbidities intuitively will remain
preferred. However, with the increasing demand for kidney
donors and the subsequent changing tendency regarding
contraindications for live kidney donation, the future
live kidney donor may not be the same as the donor from
the past.

MATERIALS AND METHODS
All aspects of the Cochrane Handbook for Interventional Systematic
Reviews were followed, and the study was written according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement.148

Literature search strategy
Comprehensive searches were carried out in Embase, Medline
OvidSP, CENTRAL (the Cochrane Library 2013, issue 10), Web-of-
Science, PubMed Publisher, and Google Scholar. The search was
performed for articles published until November 2013 using search
terms specific to each search engine, provided in the Supplementary
Data. In addition, ‘related citations’ in PubMed and cross-
referencing were used to search for relevant articles. We focused
on the outcome of the live donor nephrectomy and therefore
excluded articles regarding deceased kidney donors and outcome in
kidney transplant recipients.

Literature screening
Articles were screened by two independent researchers (ARA, JAL)
for relevance and possible inclusion. In case of discrepancy, a third
author was consulted (FJMFD). After assessing the results of the
systematic literature search, articles regarding older donor age,
overweight and obesity, hypertension, vascular anomalies or multi-
plicity, women of childbearing age (nulliparous women), and
minors as potential donors were selected for further screening. All
selected articles were screened for relevance, utility, and reliability.
Articles were evaluated using the PICO method.149 Furthermore, we
used the Oxford level of evidence table to grade the literature for
each extended criterion (Figure 3a).150 A grade of recommendation
(Figure 3b) is given after each extended criterion is summarized.
The aim of grading recommendations is to provide transparency
between the underlying evidence and the recommendation given. In
addition, the GRADE tool was used to further enlarge the trans-
parency of the quality of the available literature.151 The GRADE
approach defines the quality of a body of evidence by consideration
of within-study risk of bias (methodological quality), directness of
evidence, heterogeneity, precision of effect estimates, and risk of
publication bias.
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