Postoperative kidney function in Japanese living kidney donors
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Abstract

Few investigations about safety of post-donation living kidney donors have been conducted,

especially in Japanese. I reviewed medical records of 1519 living kidney donors who donated in

Tokyo women’s medical university hospital. Using all the data or partially, I investigated their

post-donation trends in glomerular filtration rate (GFR) and risk for kidney disease such as

persistent proteinuria or progressive renal dysfunction, and end-stage renal disease (ESRD). Most

(> 90%) donors developed GFR corresponding to chronic kidney disease (CKD) stage3, however,

showed stabilized trends in GFR until 3 years after donation, distinct from those of CKD patients in

the general population. Meanwhile, donors who developed ESRD had maintained GFR for long

period, but which started to decline after having comorbidities known as progression factors of

CKD. They had higher incidence of protenuria, acute cardiovascular events, severe infection, and

hospitalization due to accelerating factors of CKD than those not developing ESRD. Furthermore,

donors having persistent glomerular hematuria both pre- and post-donation had significantly higher

risk for kidney disease after donation. Kidney donors might be inappropriate for labeling as CKD,

however, they should be carefully evaluated and followed for long period with attention on CKD

risk factors, especially those with glomerular hematuria.



Introduction

For patients with end-stage renal disease (ESRD), living kidney transplantation (LKT) is

the only therapeutic modality to effect a permanent cure, showing a steady increase in number (1) in

parallel with the global rise in the prevalence of ESRD (2). The first case of LKT was performed

between twins in 1954 (3).

According to development of immunosuppresive agents and methods for using them, both

patient and graft survival have been notably improved, the latest rate of which in Japan have been

reported as 90.7% and 90.9% at 5 years after transplantation, respectively

(http://www.asas.or.jp/jst/pdf/fct2008.pdf ). Thus, organ transplantation is described as a medical

miracle of the twentieth century, and LKT is currently one of the important options for renal

replacement therapy.

On the other hand, since only few number of deceased kidney donation have been

performed as compared with the needs for kidney transplantation all over the world, which should

be essentially further advanced, the global shortage of organs for transplantation is more serious

problems, including in Japan (http://www.asas.or.jp/jst/pdf/fct2008.pdf). As a result, many of

unethical practices such as organ trafficking, transplant tourism, and commercialism have been

recently reported. To address such urgent and growing problems, the declaration of Istanbul

represented in 2008 demands to take the highest priority on the safety of donors, and to provide the

proper care for living donors before, during and after donation (4) .



Before starting my investigations at 2006, few studies about the safety or prognosis of

living kidney donors had been reported despite they are the main premise to perform LKT,

especially in Japanese. It is warranted to investigate the detailed risk and prognosis of post-donation

kidney donors themselves, to order to present that LKT is a medical practice on reasonable grounds.

In particular, the proper criteria of the eligibility for living kidney donors, medical risks after

donation and their predictive factors, and key point of management of kidney donors after donation

still be the major problems to be elucidated.

Consequently, I have started investigations based on charts review about living kidney

donors who donated in Department of surgery, Kidney center, Tokyo Women’s Medical University

Hospital, in which the largest number of LKT had been performed in Japan. Using all the data or

partially, I conducted three clinical studies to address several unexplored issues of living kidney

donors (approval number by ethical committee: 1607).



Section 1

First, I surveyed actual condition of post-donation kidney donors in Japanese, which had
been scarcely investigated, to clarify the levels of post-donation renal function and their trends after

donation.

Study No. 1: Very low but stable glomerular filtration rate after living kidney donation: Is the

concept of “chronic kidney disease” applicable to kidney donors?

Background

Living donor kidney transplantation can only be justified if otherwise healthy donors are
guaranteed good health and well-being after donation (4). Many reports have suggested that their
risks for perioperative complications (5, 6), short- and long-term renal death (7, 8), and mortality (9,
10) are negligibly low. Indeed, postoperative renal function of kidney donors was reported to be
fairly stable as long as a few decades (10-12).

The threshold of renal function for eligibility for kidney donation is most often regarded as
a glomerular filtration rate (GFR) of 80 ml/min/1.73m* (13), which has been recommended by the
Amsterdam forum on the care of the live kidney donors (14, 15). This threshold, however, was

determined by experience rather than solid evidence. Although a few but significant donors actually



confer a risk for developing progressive kidney dysfunction leading to end-stage kidney disease (16,

17), there are few investigations addressing exactly which level of preoperative GFR is appropriate

for candidate as donors. Especially, renal prognosis of postoperative donors who developed lower

GFR corresponding to advanced (stage 3 or more) chronic kidney disease (CKD) is still

undetermined.

In general, GFR declines steadily with age (18-20). However, several reports have clarified

that low GFR itself does not necessarily confer a bad renal prognosis unless it is accompanied by

other renal risk of progression such as proteinuria, diabetes or hypertension. In this context, I

assumed that kidney donors would not be necessarily at risk for progressive CKD even if with

extremely low GFR, because renal progression risks had been excluded through pre-transplant

donor evaluation. To prove this hypothesis, it seemed suitable to investigate Japanese kidney donors,

since Japanese generally have a lower GFR (21) and Japanese donors are older (which means their

renal function are potentially worse) than their Western counterparts. The aim of this study is to

confirm the hypothesis that Japanese donors with a low preoperative GFR corresponding to CKD

stage 3 or more does not show a functional decline with age.

Methods

Study population

I reviewed medical charts and identified 237 living kidney donors who underwent donor



nephrectomy at Tokyo Women’s Medical University (TWMU) from February 2001 to December
2005. Because many donors were lost to follow-up despite of being encouraged to annual clinic
visit, the number of those who had follow-up labs decreased with time, and I could identified only
162 and 77 donors who had been followed annually at least until 1 and 3 years after donation,
respectively. I subsequently evaluate yearly changes in postoperative renal function of these 77

donors who was followed for at least 3 years.

Assessment of kidney function

An eligible renal function for living kidney donor in TWMU was equal to or more than a
2-hour creatinine clearance (Ccr) of 70 ml/min/1.73m* which was measured at outpatient clinic. In
this study, I retrospectively evaluated the renal function of each donor with estimated GFR (eGFR)
calculated by the abbreviated Modification of Diet in Renal Disease study equation using a
coefficient of 0.881 to modify for the Japanese (22) at the time of this study, because the notion of
CKD is established by the evaluation of renal function with eGFR. These measurements of serum
creatinine levels were performed in the same laboratory.

In order to evaluate changes in postoperative renal function, the absolute yearly changes in
eGFR was started to evaluate since 1 year after donation for avoiding the direct effect for renal
function by heminephrectomy. I compared the changes in GFR of kidney donors with the reported
value of those of the community-based general population in Japan (20) or of patients with CKD

(23-25). Subsequently, since the clinical relevance of the absolute changes in mean eGFR is largely



affected by baseline eGFR, I additionally assessed the percent changes in mean eGFR; (mean

absolute yearly change in eGFR / mean eGFR 1 year after donation). In view of undetermined effect

of age to renal function in postoperative donors (26, 27), both absolute and percent changes were

adjusted for age.

Statistical analysis

Numbers were expressed as mean (standard deviation, SD) or median (interquartile range,

IQR) values. For statistical analysis, the Student’s t test or Mann-Whitney test were used to

compare two independent variables when appropriate, and the z test was used when required to

compare a reported value whose distribution was available. The paired t test was used to compare

two matched variables in each subject. Comparison among variables divided into multi-groups was

performed by analysis of variance (ANOVA). Two-sided P-values of less than 0.05 were considered

as statistically significant. All statistical analyses were performed using JMP software (version 7.01,

SAS Institute Inc.).

Results

High prevalence of CKD stage 3 in postoperative donors

Table 1 shows baseline characteristics of all donors (n =237) in the preoperative evaluation.

Males accounted for 43.9% (n = 104) of 237 patients and the median age was 56 years. While all



subjects fulfilled our criterion of renal function for donor eligibility (i.e. more than 70
ml/min/1.73m” of 2-hour Ccr), median value of renal function measured by post hoc evaluation
with eGFR was significantly lower (70.6 ml/min/1.73m?) than that by Ccr of 114 ml/min/1.73m* (P
<0.001).

In 162 donors followed at least until 1 year after donation, median age and eGFR at
donation were 57 years (IQR, 49 to 64) and 70.4 ml/min/1.73m* (IQR, 63.2 to 78.1), respectively.
Their baseline characteristics showed no significant difference from those in donors who dropped
out of follow-up (data not shown). In post hoc evaluation of renal function by eGFR, 28 out of 162
(17.3%) had already been within CKD stage 3 before donation. Figure 1 showing the distribution of
their eGFR 1 year after donation, with median eGFR of 46.2 ml/min/1.73m? (IQR, 41.7 to 51.0),
surprisingly demonstrated that as much as 95% of postoperative donors were categorized into CKD
stage 3. Even donors with eGFR less than 50 ml/min/1.73m” accounted for 66% of the population.
Median absolute and percent decline in eGFR until 1 year after donation were 23.7 ml/min/1.73m’
(IQR, 19.5 to 27.5) and 34.3% (IQR, 28.9 to 38.2), respectively, which were occurred at the time of
heminephrectomy.

In 77 donors followed at least until 3 years after donation, median age and eGFR at
donation were 57 years and 68.7 ml/min/1.73m? respectively. They also had lower median eGFR of
45.7 ml/min/1.73m* (IQR, 41.4 to 52.3) 1 year after donation, 96.1% of whom were regarded as
CKD stage 3. A median eGFR 3 years after donation was 47.7 ml/min/1.73m” (IQR, 42.5 to 53.9),

consequently showing high prevalence (92.2%) of CKD stage 3.



Comparison of trends in GFR between postoperative donors and non-donor CKD patients in the
general population

Mean absolute changes in postoperative eGFR from 1 year to 3 years after donation in 77
donors had been stable showing moderate increment of 0.9 (SD, 1.7) ml/min/1.73m” per year. There
was no significant difference in the increment between males and females, 0.95 (SD, 1.4) and 0.82
(SD, 1.9) ml/min/1.73m” per year, respectively (P = 0.83). As compared with CKD patients in the
general population, in whom renal function declined with time as reported in the community-based

studies (Table2), postoperative donors showed a significant increase in eGFR.

Stabilized renal function in postoperative donors with extremely low GFR

A trend in postoperative eGFR stratified by the level of preoperative eGFR is showed in
Figure 2. Even donors categorized into the lowest GFR subgroup with pre-donation eGFR less than
60 ml/min/1.73m" had stable GFR until 3 years after donation. Similarly, this trend was shown in all
the other categories, especially presenting significant improvement of eGFR in the second and third
highest subgroup (48.9 to 50.5; P < 0.001 and 44.4 to 46.8; P = 0.02, respectively, ml/min/1.73m?).

Table 3 and Table 4 show the mean absolute and percent changes in postoperative eGFR
since 1 year after donation, with adjustment for age, stratified by the level of pre- and post-operative
eGFR respectively. When categorized into 4 subgroups by preoperative eGFR (Table 3), 14 donors

were included in the lowest subgroup of eGFR less than 60 ml/mi/1.73m?” labeled as CKD stage 3,



resulting in increment of mean absolute and percent change in eGFR post-donation (0.5
ml/mi/1.73m” and 1.45 % per year, respectively). Each absolute and percent change was not inferior
to those of donors of higher pre-donation eGFR categories, respectively (P = 0.66 and P = 0.50,
tested by ANOVA). When categorized by postoperative eGFR (Table 4), mean eGFR 1 year after
donation of 16 donors included in the lowest subgroup with eGFR less than 40 ml/mi/1.73m?
showed only 36.1 (SD; 2.5) ml/mi/1.73m?. Their mean absolute and percent change after donation,
however, also presented increment of 0.87 ml/mi/1.73m” and 2.42 % per year, respectively. As
compared with those in the other categories, each absolute and percent change had no significant
difference (P = 0.25 and P = 0.14, tested by ANOVA). All the results remained same even when

adjusted for age.

Discussion

I obtained several noteworthy results from my study. Japanese living kidney donors had
high prevalence of CKD stage 3 or more after donation in the current recommended calculation of
eGFR for Japanese, however, their renal function stabilized after donation, showing marked contrast
with both CKD patients and the general population. It should be noted that even postoperative
donors with very low eGFR less than 40 ml/min/1.73m?” presented with a stable trend as well as
those with higher eGFR.

The current concept of CKD is universally applied to anyone with eGFR less than 60
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ml/min/1.73m?, including pre- and postoperative donors. To my knowledge, my study showed the
highest prevalence of advanced CKD in postoperative donors as compared with the previous reports,
for example, 18% of a mean cumulative incidence of CKD stage 3 or more in a meta-analysis (28).
This trend in Japanese donors has been reported by other institutes (Dr. Naganuma and Dr. Nagatani
at Osaka City University in personal communication), which indicates that my result would not be
produced by a center effect.

Several reasons can be explained for this high prevalence. First and most importantly, the
Japanese have indigenously lower GFR than other races (21). It is estimated that GFR of Japanese
is less than that of American by 10 ml/min/1.73m” and about 10% of all Japanese have CKD stage 3
or more (29). On the other hand, this high prevalence might not be derived only from the ethnicity
of Japanese, since one report has cautioned that as much as 72% of postoperative donors in one
institute overseas fulfilled the diagnostic criteria of CKD stage 3 (30). In addition, the assessment of
kidney function has problems. The diagnosis of CKD should be performed with eGFR, therefore I
used it for post hoc evaluation of renal function in this study, since in TWMU the assessment of
GFR has been made by the 2-hour Ccr method. As a result, eGFR showed a much lower value than
2-hour Cer (70.6 vs 114.0, median, ml/min/1.73m?), although all donors fulfilled a criterion of renal
function, equal to or more than 70 ml/min/1.73m” by 2-hour Ccr. The large difference between
values estimated by these two methods indicates each method of eGFR and even Ccr has significant
error to estimate the real GFR (31, 32). The question of by what method we should estimate renal

function in donor evaluation needs to be further investigated.
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Another striking result in this study is that post-donation renal function was stabilized
irrespective of the absolute value of pre- or post-donation GFR, even if the postoperative eGFR was
less than 40 ml/min/1.73m?”. This finding has an important message that the absolute kidney
function may not be a significant risk for kidney disease progression, it is not accompanied by
progression risks such as proteinuria, hypertension, and diabetes (33, 34). In fact, several reports
have recently showed that CKD would not develop if patients had only few risk factors for
progression (35-38), which is in contrast with steady decline in GFR of CKD patients in the general
population by aging (18, 39), which is further accelerated by reduction of baseline GFR (20). These
evidences consequently suggest that kidney donors without progression risks would have fairly
good renal prognosis, even if they had low GFR caused only by artificial loss of renal mass; i.e.
heminephrectomy.

Increasing number of patients with CKD put much burden onto nephrologists who are
short in number, as well as a potential economic burden. In Japan, as much as 10.6% are thought to
have CKD defined by eGFR less than 60 (29). However, those with both low GFR and proteinuria,
who are really at risk for progression (38), accounts for only less than 1% of the population. In this
context, | emphasize that it might not be appropriate to apply a concept of CKD directly to those
having eGFR of lower than 60 but without progression risk, including living kidney donors, as
several physicians have recently mentioned (40, 41).

There are several limitations to this study. The sample size is small because of dropping out

of follow-up with time, which raises concern about a selection bias and an insufficient power to
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detect a significant difference. These are common problems with a number of previous studies on

donors (42). In addition, co-morbidities such as hypertension and microalbuminuria, which

postoperative donor has significant risk for development (28, 43, 44), might have a possibility to be

potential confounders. Follow-up period of each donor was too short to discuss the longitudinal

consequences of the remaining kidney function, however the stabilized trend of eGFR until 10 years

after donation has been also reported in Japanese kidney donors (Dr. Naganuma and Dr. Nagatani at

Osaka City University in personal communication). Finally, my result might not be applicable for

the other races because subjects were consisted of only Japanese donors. Differences in renal

function among races have been recently well described (45, 46), therefore similar investigations

are expected to be conducted with donors from different races. Nevertheless, in light of the previous

reports (35-38), I believe that my result supports that low GFR does not necessarily confer a risk for

progression of CKD when without other progression risk factors.

Conclusion

In conclusion, most Japanese living kidney donors developed CKD stage 3 after donation,

but renal function stabilized afterwards as long as 3 years after donation even if post-donation GFR

was very low. This result implies the concept of CKD might not be applicable to kidney donors who

had been already assured to have very few progression risks, even with low absolute value of GFR.

Long-term renal or cardiovascular prognosis of donors with low GFR still remains unknown and
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awaits long-term observational studies.
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Section 2

Thus, lower GFR after donation might not be a risk for kidney donors, however, it is also

true that a few but significant numbers of donors had deteriorated kidney function in contrast to the

safety on the majority of post-donation donors. To improve the safety of kidney donation, we should

know the risks after donation and their predictive factors to avoid.

One of the worst outcomes in post-donation donors is ESRD. Therefore, I investigated

clinical courses and their association with changes in renal function post-donation in donors who

developed ESRD, in order to identify risk factors for ESRD after donation.

Study No. 2: How do living kidney donors develop end-stage renal disease?

Background

Living kidney donation has been performed with the premise of acceptable safety of

kidney donors. Indeed, the long-term safety of postoperative donors has recently been documented

by several reports (8, 10, 47, 48). On the other hand, there definitely are donors who developed

significant kidney injuries such as proteinuria, depressed renal function corresponding to chronic

kidney disease (CKD) stage 3 or more (28, 49), and even developed end-stage renal disease (ESRD)

after donation. Incidence of ESRD in living kidney donors has been reported to be 0.04 to 0.7% (27,
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50-52), with the median time of 20 years from donation to the event (53). It has, however, not been
clearly documented how donors progressed to ESRD, and what triggers renal dysfunction.
Here, I report the clinical courses and changes in renal function of 8 donors who developed

ESRD, and a case-control study of risk factors associated with developing ESRD after donation.

Methods

I reviewed the charts of all 1519 donors who underwent kidney donation at Tokyo
Wemen’s Medical University (TWMU) from June 1971 to December 2007. Although we
encouraged donors annual clinic visit and lab check, at the time of this study, the rate of donors who
had been regularly followed more than 5 and 10 years after donation were 21.3% (292 out of 1371)
and 12.7% (148 out of 1166), respectively, and who visited us within a year was 16.7% (253 out of
1519). Many donors were lost to follow-up as above, but I could identify 8 donors who developed
CKD stage 5 or ESRD after donation. In the hospital, the criteria for eligibility as a living kidney
donor were equal to or more than 70 ml/min/1.73m” by a 2-hour creatinine clearance (Ccr) test, and
the absence of active infection and malignancy were ascertained along with the guideline from
Japanese society of transplantation. Donors were also checked full health check up including
cardiovascular status and asked for specialist consultation if needed.

I obtained all the information including labs from the patient charts. In this study, I

assessed glomerular filtration rate (GFR) with estimated GFR (eGFR) calculated by the abbreviated
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Modification of Diet in Renal Disease study equation, using a coefficient of 0.881 to modify for the

Japanese (22). I defined clinical data as follow: hypertension, more than 140 or 90 mmHg in

systolic or diastolic blood pressure; proteinuria and hematuria, positive test by dipstick; diabetes

mellitus, more than 200 mg/dl twice in fasting blood sugar; anemia, less than 13 or 11 g/dl if female

in serum hemoglobin; dyslipidemia, more than 220 or 150 mg/dl in serum total cholesterol or

triglyceride; hyperuricemia, more than 7 or 6 mg/dl if female in serum uric acid. This study was

done along with the guideline for clinical research from Hearth and Labor ministry of Japan.

To identify the risk factors for developing ESRD after donation, I conducted a case-control

study. For each donor who developed ESRD, I selected 3 control donors who donated at TWMU

and have maintained stable renal function at least until the post-donation time when a paired case

donor had developed ESRD. Control donors were matched for age (within 5 years as an acceptable

error), sex, and follow-up time since donation.

Variables were expressed as mean (standard deviation; SD) values. For statistical analysis,

Student’s t test was used to compare two independent variables. To evaluate the relative risk for

developing ESRD after donation, we used the Cox proportional-hazards model for taking the

matched pair into the consideration, reported as hazard ratios (HR) with 95% confidence intervals

(CI). Several patients and their matched pairs were partially excluded from analysis because of

missing data or the observation period was too short to evaluate progression factors of CKD.

Two-sided P-values of less than 0.05 were considered as statistically significant. All statistical

analyses were performed with JMP software (version 7.01, SAS Institute Inc.).
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Results

Pre- and Post-donation Characteristics

Trends in renal function of 8 donors are shown in Figure 3. Focusing on the progression
factors of CKD, clinical characteristics before and after donation are shown in Table 5.

The study included 5 males and 3 females. They all donated to a family member with
kidney disease needed to undergo dialysis. Mean age at donation was 47 (SD; 14.8) years. Mean
BMI was 25.1 (SD; 3.1), eGER before donation was 66.5 (SD; 10.3) ml/min/1.73m” ranging from
54.0 to 84.1, except for 2 patients whose values were not available. Mean time for the 8 donors to
reach CKD stage 4 from donation was 15.2 (SD; 3.2) years, and to reach CKD stage 5 or end-stage
renal disease was 16.0 (SD; 3.2) years. No one had past history of any cardiovascular (CV) events
or renal diseases. As for their family histories, patient 2 and 8 had hypertension, patient 3 had
diabetes mellitus, and the others had no special affairs.

Before donation, 1 patient had hypertension which was well controlled with medication, 2
patients tested positive for proteinuria by dipstick and 2 patients were smokers. In 6 donors whose
right values were available, mean systolic and diastolic blood pressure at donation were 123.8 (SD;
9.2) and 73.2 (SD; 10.8) mmHg, respectively, and mean quantification value of proteinuria was 0.1
(SD; 0.09) g/day. No one had blood pressure more than 140/90 mmHg and proteinuria more than

0.2 g/day, especially proteinuria of less than 0.15 g/day and 0.17 g/day in patient 3 and 4,
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respectively, who were tested positive proteinuria by dipstick. Similarly, no one had anemia, and
hyperuricemia except for patient 5 having uric acid of 6.7 mg/dl. Dyslipidemia was diagnosed in
patient 2, 3, and 5, with serum triglyceride of 238, 231, and 211 mg/dl, respectively.

Immediately after donation, the mean eGFR declined to 48.5 (SD; 8.7) ml/min/1.73m?
ranging from 40.0 to 62.9. In long-term follow-up, however, the mean change in yearly GFR which
could be evaluated in 5 donors, showed an increment of 0.46 (SD; 0.91) ml/min/1.73m” until the
mean time of 13.1 (SD; 4.1) years since donation, indicating that their renal function had been
stable. Hypertension was seen in 4 patients, of which 3 developed postoperatively. Persistent

proteinuria was seen in as much as 5 out of 7 donors.

Detailed description of the cases

In Patient 1 and 2, CKD started to progress following episodes of congestive heart failure
and pneumonia after a long period of stable renal function. Patient 1 had stable eGFR at least for 6
years post-donation but lost contact during follow-up. When he visited the hospital again, his eGFR
was 27 ml/min/1.73m?, which was a significant decline from the eGFR at his previous follow up
(50.1 ml/min/1.73m?), however, he had no hypertension or proteinuria. Within a year, he developed
CKD stage 5 after the episodes of pneumonia and congestive heart failure (CHF), and died before
initiating dialysis. Patient 2 was not followed up immediately after donation. When she visited us
20 years after donation, her renal function was not different from that taken immediately after

donation. In the next two years, however, she was admitted twice for pneumonia and CHF,
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subsequently developed CKD which rapidly progressed to stage 5, and died before initiating

dialysis. Although the results of ultrasound cardiography (UCG) or clinical tests which were

performed when they developed CHF were not available, chest x-ray showed increment of

cardiothoracic ratio from 58% to 79% with pleural effusion in patient 1.

Patient 3 and 4 had stable eGFR for a long period of time despite positive test results for

proteinuria at donor evaluation. Patient 3, who was lost to follow-up 6 years after donation, had a

stable eGFR despite persistent proteinuria ranging from 1+ to 3+ by dipstick test and an event of

cerebral infarction. According to his primary care physician, his renal function was stable after the

event, until he developed CHF, although the detailed clinical data including UCG were not available.

When he visited us again, he had already developed CKD stage 5. Hemodialysis (HD) was initiated

the following year. Patient 4 showed stable renal function until 14 years post donation, when he

developed hypertension which gradually progressed in spite of treatment with antihypertensives.

His eGFR declined steadily with time, and afterwards developed to ESRD.

Patient 5 and 6 were the cases, in which de novo renal disease was suggested to be the

etiology of ESRD. In patient 5, eGFR was stable at least for 7 years, when she was lost to follow-up.

When she revisited us, her eGFR had declined by 38 % with uncontrolled hypertension and

proteinuria. Subsequently her eGFR declined steadily until she developed ESRD. Anti-neutrophil

antibodies directed against myeloperoxidase (MPO-ANCA) tested strongly positive, therefore renal

vasculitis was suspected. Patient 6 was lost to follow-up immediately after donation, and when he

visited us 10 years after donation his eGFR was still stable but he presented with significant
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proteinuria of approximately 1 g/day. After 4 more years of stable GFR but with an increment of
proteinuria up to 3 g/day, his eGFR started to decline linearly and he reached ESRD two years later.
Open biopsy showed focal and segmental glomerulosclerosis (FSGS).

Patient 7 and 8 developed acute kidney injury (AKI). Patient 7 had long stabilized eGFR
until 11 years post donation but his renal function suddenly declined with symptoms of slight fever
and nocturia. Acute pyelonephritis with acute tubular necrosis was diagnosed by open biopsy.
Although he remained in CKD stage 5, his renal function stabilized with renoprotective medications.
Patient 8 was in cardiogenic shock following a serious traffic accident and subsequently developed
AKI requiring dialysis. Although he was once withdrawn from dialysis due to transient

improvement of renal function, HD was reintroduced 4 years after donation.

Risk factors for developing ESRD after donation

As compared with 24 control donors, the case donors were more likely to develop
persistent proteinuria (HR, 6.1; 95%CI, 1.13 to 52.8; P=0.03), acute cardiovascular events including
CHF and cardiogenic shock (HR, 9.45; 95%CI, 1.83 to 58.0; P=0.01), severe infection requiring
hospitalization for pneumonia and pyelonephritis (HR,12.0; 95%CI, 1.51 to 180; P=0.02), and
hospitalization due to accelerating factors of CKD as above (HR, 7.8; 95%CI, 1.44 to 65.7; P=0.02)
after donation (Table 6). No pre-donation factor indicated a significant risk for developing ESRD.
Until renal function of case donors started to decline toward ESRD, yearly change in the mean

eGFR post-donation of 5 case donors (patient 1 to 5) was 0.46 (SD; 0.91) ml/min/1.73m? per year,
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which were not significantly different from those of matched control donors [0.37 (SD; 0.52)

ml/min/1.73m” per year, P=0.85], nor associated with risk for ESRD.

Discussion

In this study, I was able to obtain several findings; (i) ESRD developed irrespective of
pre-donation renal function or absence of risk factors of CKD such as proteinuria, hypertension,
obesity or diabetes. (ii) In most cases, renal function stabilized for a long period (mean 13.1 years),
but suddenly started to decline after being accompanied by initiating events or newly developed
co-morbidities, especially risk factors of CKD such as proteinuria, hypertension, CV events or
infection. Although etiologies of ESRD in kidney donors who were registered upon the United
Network for Organ Sharing (UNOS) waiting list for kidney transplantation have been documented
(54), there is no detailed report on the clinical course of kidney donors developing ESRD.

The important message from my study is that irrespective of the cause of the ESRD,
initiating or aggravating events are risk factors for CKD (33, 34), and that most of these risks are
medically controllable. Even aggravating factors such as infection could be prevented by annual
work up, patient education or routine vaccination (33). Thus, this finding suggests the importance of
long-term periodical follow-up, to evaluate donors for CKD related risk factors and health
maintenance. In addition, because donors in my study developed ESRD after maintaining stable

renal function for a long period after donation, follow-up of kidney donors should be continued
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even if they seem very stable for a long time.

I identified 4 patients who probably lost kidney function due to de novo glomerulonephritis

(GN) or AKI. Postoperative de novo GN in donors such as IgA nephropathy and membranous

nephropathy have been documented to be the causes for developing ESRD (55). In patient 6 who

showed FSGS by biopsy, it is likely that hyperfiltration imposed by nephrectomy caused glomerular

scleresis (i.e. secondary FSGS) because of lower post-donation eGFR and a history of smoking.

However, because many cases with the same degree of low GFR did not necessarily have nephrotic

range proteinuria leading to progressive CKD, the FSGS lesion rather than hyperfiltration might be

the primary condition leading to ESRD in this patient. Indeed, change in glomerular permselectivity

of donors after donation was reported to be mild, despite contribution of hyperfiltration in the

remaining nephron chronic kidney injury, by lacking charge selectivity of glomeruli (56).

Although as in my cases, it is difficult to predict if de novo GN or AKI will develop, it is

important to have in mind that even after development of these diseases, immediate action for

renoprotection still holds effective as shown in patient 7.

If postoperative complications and their management are crucial for renal prognosis of

donors as our patients suggest, we should provide long-term periodical follow-up for all donors to

check for and prevent occurrence of CKD and CVD, and to take renoprotective or cardioprotective

actions as soon as we identify these risk factors, de novo GN, or AKI. It would also be required to

educate donors about the importance of regular long-term postoperative follow-up after donation,

because donors often consider themselves healthy and stop visits to the clinic by their own
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judgment (54).

Much lower estimated eGFR values as compared with 2-hour Cer values were unexpected
for us, but this probably means that Ccr significantly overestimates GFR, therefore we need to
abandon Ccr for evaluation of donor renal function. Still, a 2-hour Cer of 70 ml/min/1.73m? as our
donor selection criterion, which many Japanese transplant centers currently adopt, is certainly lower
than 80 ml/min/1.73m” which would be the criterion in many places worldwide (13-15). On the
other hand, to my knowledge, there is no solid evidence which clarified that kidney donation
resulted in worse outcomes for donors with GFR less than 80 before donation. In my study, lower
pre-donation eGFR in donors selected by our criteria was not associated with the risk for the worst
outcome, which is developing ESRD (Table 6). This result is potentially supported by the result of a
survey, also conducted in the Japanese population (52). Low GFR might not necessarily lead to
CKD progression unless it is accompanied by other risk factors of CKD progression, however, until
solid evidence is obtained, there is a definite need to maintain long-term follow-up with special
attention to the acquisition of progression or accelerating factors of CKD.

Although my study did not detect persistent positive proteinuria test by dipstick before
donation as a significant risk for ESRD, I currently consider this test as a contraindication to the
selection for donors, because donors have been reported to have an additional risk for proteinuria
post-donation (28, 49) and proteinuria is a strong indicator of bad renal outcome (38, 51). The
presence of proteinuria in patient 3 and 4 might have been regretfully overlooked, although I could

not identify the exact reason because of lack of its statement in the old chart.
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I finally emphasize that all the donors should be followed continuously, at least once a year,

or more often if they had any risk factors for progression of CKD, and that they should be carefully

checked not only for decline of renal function, but also for development of any new risks of CKD or

CVD which subsequently need to be managed.

The limitation of my study is that the number of cases is too small to have statistical power

to detect the risks for ESRD that are well considered for confounding factors in analysis.

Nevertheless, because this is the first report to document the course of progression of donor CKD

and identified possible risks for ESRD, I believe that my results help to improve the quality of care

and well-being of postoperative donors.

Conclusion

There are a significant number of donors who developed CKD stage 5 or ESRD. These

donors tend to have stable renal function for long periods of time but suddenly start to develop

progressive CKD. They do not necessarily have CKD risk factors before donation but they develop

these risk factors after donation. These findings make us realize the importance of keeping

long-term follow-up of donors to check for and prevent CKD risks even if their renal function

remains stable for a long time, and to take immediate action if they develop these risks.
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Section 3

Another risk for post-donation donors to avoid would be kidney disease, such as persistent
proteinuria or progressive decline in renal function post-donation. This is a state of health to need
the regular clinic visiting and medications, which is a contradiction to the principle of LKT that
donors should be ensured to be the same healthy condition between pre- and post-donation.
Therefore, it is important to clarify the risk for developing kidney disease after donation and its
predictive factors.

Finally, I investigated the association of developing kidney disease with clinical
characteristics in donors pre- and post-donation, in order to identify predictive risk factors for
kidney disease after donation, especially focusing on the findings of hematuria which had been

scarcely paid attention.

Study No. 3: Persistent glomerular hematuria in living kidney donors confers a risk for

progressive kKidney disease in donors after heminephrectomy.

Background

Living donor kidney transplantation is one of the therapeutic options for end-stage kidney

disease (ESKD), showing a steady increase in number (1) in parallel with the global rise of the
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prevalence of ESKD (2). Because living kidney donation is only justified on the premise that it is

acceptably safe (4), we should know who would be put at risk by heminephrectomy. Long-term (up

to several decades) safety in kidney donors has been documented (8, 10, 11), however, it is also true

that small but significant number of donors have developed overt proteinuria or progressive renal

dysfunction, which could end up with ESKD after donation (51-53, 57, 58). Despite this, what

factors impose post-donation risks including kidney disease upon donors has been scarcely

investigated (7, 16, 17, 59), therefore the acceptable threshold of pre-donation factors such as renal

function, blood pressure (BP), donor age, and body-mass index (BMI) remains unclear, with the

greater diversity of eligibility for living kidney donor varying from one institute to another (13).

Similarly, there is no definite threshold in the level of abnormal urinalysis. Especially, persistent

hematuria has not been well investigated whether it could confer a risk for kidney disease on

post-donation donors (60-63), although the possibility of its future risk has been suggested (14).

To clarify whether hematuria is a risk factor for progressive kidney disease after living

kidney donation, I investigated the prevalence of hematuria in donors before and after donation, and

subsequently check the association between hematuria and sign of progressive kidney disease such

as development of persistent proteinuria or decline of renal function in living kidney donors.

Methods

Study population
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I reviewed medical records and identified 242 donors, who donated at Department of
Surgery, Kidney Center, Tokyo Women’s Medical University (TWMU) from April 2001 to October
2007 and had been tested urinalyses on multiple occasions at least 3 months apart both pre- and
post-donation, in order to assess the risk for developing persistent proteinuria after donation. Out of
these 242 donors, I subsequently identified 163 donors who had been followed more than 2 years
after donation and investigated their longitudinal trends in renal function individually in order to
assess the association of yearly changes in glomerular filtration rate (GFR) with status of hematuria
in donors and the risk for progressive renal dysfunction after donation.

In TWMU, the lower limit of kidney function to be eligible for living kidney donor is equal
to or more than 70 ml/min/1.73m’ by 2-hour creatinine clearance (Ccr). Additionally, absence of
active infection and malignancy was ascertained in all donors along with the guideline for donor
selection from the Japanese society of transplantation
(http://www.asas.or.jp/jst/pdf/guideline 002jinishoku..pdf). Donors were also performed full
workup of donor evaluation including cardiovascular tests and asked for specialist consultation if

needed.

Kidney function
I assessed kidney function with estimated GFR (e¢GFR) for the Japanese (64). To exclude
the effect of transient and sudden drop of kidney function by heminephrectomy, the evaluation of

longitudinal changes in GFR was started at 1 year after donation. Because the absolute change of
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kidney function is strongly affected by its baseline level, we used the relative change (yearly change

in eGFR since 1 year after donation divided by eGFR 1 year after donation; % per year) as well as

absolute change in evaluating the trends of kidney function in this study.

Urinalysis

I evaluated proteinuria, hematuria, and dysmorphic red blood cell (d-RBC) with voided

fresh urine both before and after kidney donation. Proteinuria tested 1+ or more by dipstick

(Uropaper 3; Eiken chemical co., LTD.) read by automated dipstick reader (US3100-R; Eiken

chemical co., LTD.) was defined as positive, which is viewed as an acceptable surrogate for

quantitative proteinuria with high specificity of protein excretion exceeding 300 mg/day or more

(65). The quantitative evaluation of proteinuria by 24-hr urine collection was also performed once

before donation, which defined positive proteinuria as 150 mg/day or more.

Hematuria was judged “positive” when 5 red blood cell (RBC) or more per high-power

field (HPF) were detected in urinary sediment. I concurrently evaluated d-RBC, which have been

reported to be useful marker of glomerular kidney disease (66, 67). Because the standardized

diagnostic method for d-RBC has not been established and superiority of qualitative or quantitative

evaluations in detecting d-RBC is still controversial, I use the qualitative method in this study. In

detail, d-RBC was judged “positive” when 5 or more of RBC per HPF and diverse forms of RBC

such as acanthocyte which suggested glomerular bleeding were observed in each of field while

checking for 10 to 20 HPF in urinary sediment.
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I call proteinuria or hematuria “persistent” when two or more separate urinalyses

consistently showed positive proteinuria or hematuria, respectively, at interval of 3 months or more.

I judged them “negative” only if these urinary abnormalities had never been detected, and judged

“occasionally positive” when urinary abnormalities were neither persistent nor negative, such as in

donors who showed positive dipstick proteinuria at least once. Meanwhile, d-RBC was defined

“positive” even if it appeared once either pre- or post-donation.

The changes in urinalysis within 3 months after donation were excluded from the

evaluation to exclude effects of heminephrectomy operation itself. Urinary tests with specific

gravity more than 1.035 or less than 1.010, 8 or more of pH, and more than 10 per HPF of urinary

white blood cells were also excluded in order to exclude possible measurement error, and effect of

urinary tract infection.

Blood pressure measurement

Pre-donation BP was individually evaluated with the mean value of 3 separate

measurements within a day during hospitalization for donation, measured by trained nurses while

donors were seated at rest. In this study, I defined hypertension as BP more than 130/85 mmHg,

because high-normal BP have already been reported to be associated with the significant risks for

the progression of chronic kidney disease (CKD) and cardiovascular disease (CVD) in the general

population (68-70). To evaluate the effect of antihypertensive drugs for renal outcome, donors were

categorized into 3 subgroups; normotension, treated normotension, and hypertension.
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Statistical analysis

Categorical and continuous variables were expressed as percentage and median
(interquartile range; IQR), respectively. To compare with two continuous values and the rates of two
variables, I use Mann-Whitney test, and ” test or Fisher’s exact test when appropriate. In
multivariate analysis, I used the logistic-regression models to identify the risk factors for
post-donation occurrence of persistent proteinuria or hematuria with d-RBC, and used the multiple
linear-regression models to clarify the clinical factors affecting for the changes in kidney function
after donation, especially which bring about the progressive decline in GFR. In addition to age and
sex, I first included eGFR, BP, BMI, and proteinuria before donation in each model of the
multivariate analysis as covariates, because they have been generally suggested to be associated
with renal outcomes. Subsequently, pre-donation variables of hematuria, d-RBC, smoking status,
family history of IgA nephropathy (IgAN) or Alport syndrome (AS), donation for sibling, serum
albumin, hemoglobin, uric acid, total cholesterol, triglyceride, and post-donation variables of
urinary abnormalities (proteinuria, hematuria, d-RBC) and time since donation were included in
these models if those of P-value were less than 0.2 in each of univariate analysis. Multicollinearity
and interaction between covariates were well checked in each of the model. Two-sided P-values of
less than 0.05 were considered as statistically significant. All statistical analyses were performed

with JMP software (version 8.01, SAS Institute Inc.).
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Results

Baseline clinical characteristics

Of 242 kidney donors with median follow-up time since donation of 27 (IQR; 15 to 48)
months, male accounted for 40.5% and median age at donation was 57 (IQR; 49 to 64) years,
including 9.5% (n = 23) of the elderly more than 70 years. Median eGFR pre-donation was 78.6
(IQR; 70.6 to 90.6) ml/min/1.73m?”, and 7.9% (n = 19) had eGFR less than 60 although all donors
meets our criteria of Ccr of more than 70 ml/min/1.73m’. As much as 29.8% (n = 72) of all donors
was hypertensive with blood pressure more than 130/85 mmHg. Forty five donors (18.6%) had
taken antihypertensive medications before donation (the number of BP medication being one, two,
and three accounted for 68.9%, 28.9%, and 2.2%, respectively). Sixty three donors (26%) were
overweight (BMI more than 25), and 9 (3.7%) were obese (BMI more than 30) before donation.

Eleven donors (4.5%) showed pre-donation occasional dipstick proteinuria, while only 2
out of these 11 donors had more than 150 mg/day (but also less than 300 mg/day) of proteinuria by
24-hr urine collection. Pre-donation persistent hematuria was detected in 8.3% (n = 20) of donors,
and hematuria was dysmorphic in 75% of these cases. This proportion of dysmorphic hematuria
was significantly higher than that in donors without persistent hematuria (2.9%, P <0.001). Donors
with family history of IgAN or AS (n = 43) had significantly higher rate of pre-donation persistent

hematuria of 18.6% than 6% in donor without family history of them (P = 0.01) (Table 7).
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Changes in urinary abnormalities by donation

After donation, 8.3% (n = 20) of all donors developed persistent proteinuria within the

follow-up period of this study, 40% of whom started to be tested positive only within 3 months, and

55% of the total within 12 months after donation. On the other hand, the prevalence of donors with

persistent hematuria increased to 15.3% (n = 37) after donation from 8.3% (n = 20) before donation.

In addition to 95% (19 out of 20) of donors with pre-donation persistent hematuria, 27.6% (8 out of

29) with pre-donation occasional hematuria and 5.2% (10 out of 193) without pre-donation

hematuria developed persistent hematuria after donation (Figure 4), and 50% of whom turned to be

tested positive only within 3 months, and 78% of the total within 12 months after donation. As a

result, as much as 25.6% of all the donors showed occasional or persistent hematuria after donation.

Pre- and Post-donation risk factors of persistent proteinuria after donation

Donors who developed persistent proteinuria after donation (n = 20), as compared with the

rest of donors (n = 222), had significantly higher rate of occasional proteinuria (30.0% vs. 2.3%; P

<0.001), of persistent hematuria (35.0% vs. 5.9%; P <0.001), and of d-RBC (30.0% vs. 7.2%; P =

0.002) all before donation. They also had higher median systolic and diastolic blood pressure, and

higher rate of hypertension before donation (55.0% vs. 27.5%; P = 0.02) (Table 8). The risk for

persistent proteinuria could be significantly predicted by pre-donation occasional proteinuria (odds

ratio, 18.6; 95% CI, 5.05 to 68.5), with sensitivity of 30.0%, specificity of 97.7%, and likelihood

ratio of a positive test of 13.3, but not predicted by positive 24-hr urine protein test which was done
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only once just before donation (odds ratio, 11.5; 95% CI, 0.69 to 191).

In multivariate analysis, pre-donation donors with occasional proteinuria (odds ratio, 14.0;
95%ClI, 3.22 to 63.8; P < 0.001), persistent hematuria with d-RBC (odds ratio, 12.3; 95% CI, 2.65
to 59.7; P =0.002), and hypertension (odds ratio, 3.48; 95% CI, 1.06 to 12.4; P = 0.04) had higher
risk for persistent proteinuria after donation (Table 9). Age, sex, pre-donation eGFR, and BMI were
not associated with this risk.

Meanwhile, donors presenting post-donation persistent hematuria had significantly higher
incidence of post-donation persistent proteinuria (24.3% vs. 5.4%; P < 0.001), and post-donation
d-RBC (86.5% vs. 3.0%; P <0.001), as compared with those without post-donation persistent
hematuria. In multivariate analysis, post-donation donors showing persistent dysmorphic hematuria
also had higher incidence of persistent proteinuria after donation (odds ratio, 8.36; 95%CI, 2.37 to

31.5,P=0.001).

Risk of progressive decline in GFR after donation

Median absolute and relative change in eGFR since 1 year after donation were an
increment of 0.70 (IQR, -0.16 to 1.36) ml/min/1.73m” and 1.4 (IQR, -0.32 to 2.78) % per year,
respectively, indicating that many donors had moderate improvement in kidney function after the
significant drop by donation. Among men, a yearly increment of eGFR was 0.73ml/min/1.73m” and
1.43%, which were not significantly different from 0.67ml/min/1.73m* and 1.35% in women.

Percent changes in eGFR post-donation were not associated with positive test of proteinuria pre-

34



and post-donation (P = 0.28, P = 0.86), or persistent hematuria pre-donation (-0.01% vs. 1.63% per

year; P =0.23), however, they were significantly lower in donors with post-donation persistent

hematuria, (-0.01% vs. 1.76% per year; P=0.03), or post-donation d-RBC (-0.34% vs. 1.82% per

year; P =0.006). Conversely, donors with higher BMI had a greater improvement in eGFR after

donation.

In multivariate analysis, GFR decreased in donors showing persistent hematuria with

d-RBC post-donation (-1.69% per year; 95%CI, -3.36 to -0.01; P = 0.048) since 1 year after

donation, while it improved in donors who had higher eGFR or BMI at the time of donation (Table

10). Age, sex, pre-donation BP, proteinuria and time since donation were not associated with this

change.

Risk of persistent glomeluar hematuria after donation

Since I identified post-donation persistent hematuria as a significant risk for progression of

kidney disease post-donation, we investigated pre-donation risk factors for persistent glomerular

hematuria after donation. Donors showing post-donation persistent hematuria had significantly

higher incidence of having family history of IgAN or AS (32.4% vs. 15.1%; P =0.01), as compared

with donors without post-donation persistent hematuria. In multivariate analysis, as a result,

persistent glomerular hematuria post-donation were significantly more prevalent in donors with

pre-donation persistent hematuria (odds ratio, 31.4; 95%CI, 4.3 to 263; P < 0.001), or pre-donation

d-RBC (odds ratio, 15.2; 95%CI, 2.04 to 161; P =0.007) (Table 11). There was no association of
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age, sex, eGFR, BP, proteinuria before donation, and family history of IgAN or AS with this risk.

Discussion

Although the possibility of hematuria as a risk factor for post-donation kidney disease

progression has been already suggested, donor evaluation guidelines including that of the

Amsterdam Forum have not identified hematuria as a definite or relative contraindication for kidney

donation (14).

The most striking result in my study is that, hematuria was significantly associated with

progressive kidney disease such as overt persistent proteinuria or progressive decline in renal

function after donation. In fact, my results indicated pre-donation persistent dysmorphic (=

glomerular) hematuria could be a strong predictor for persistent proteinuria after donation. In

addition, post-donation hematuria was identified as a strong indicator of progressive decline in

eGFR and post-donation persistent proteinuria. Although pre-donation hematuria was not a

significant predictor of decline of kidney function post-donation, it is a high risk for post-donation

persistent dysmorphic hematuria, indirectly suggesting that pre-donation hematuria is also a risk for

post-donation progressive kidney disease. These results indicate the importance of checking

persistence of glomerular hematuria by multiple urinalyses during donor evaluation.

As much as 25.6% of prevalence of occasional or persistent hematuria after donation

means hematuria is common in living kidney donation. Because extraglomerular bleeding could be
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excluded by evaluations such as computed tomography, sonography and urine cytology (63),

isolated hematuria in pre- or post-donation donors is most likely to be from glomerular origin

suggesting the presence of the glomerular diseases such as thin basement membrane nephropathy

(TBMN), IgAN, or AS, especially if hematuria was dysmorphic. Although it is still controversial

whether glomerular hematuria is acceptable for kidney donor since there are few evidence about the

eligibility for candidates with isolated hematuria and their risk after donation (62, 63, 71-73), my

results clearly showed that donors having persistent hematuria with d-RBC have significant risk for

developing persistent proteinuria and lower GFR, which have been also known to confer worse

renal outcomes in each patient with TBMN, IgAN, or AS (71, 74-77). Therefore, we should

consider with greatest discretion the eligibility of potential donors with isolated but persistent

dysmorphic hematuria. If they wished to be eligible anxiously, we might proceed to donor kidney

biopsy, otherwise they should not be accepted.

Why persistent hematuria increases by donation is unknown. However, I could find one

report suggesting that IgAN in patients with congenitally reduced nephron mass have a progressive

clinical course of disease with more severe pathological findings compared with those with [gAN

but intact nephron mass (78). This report implies a possibility that preexistent glomerulopathy

deteriorates if the nephron mass would be reduced by donation. As much as sixteen percent (72 out

of 446) of living kidney donors have been reported to have latent glomerular IgA deposition which

may be early stage of [gAN (79). Thus, donation by such donors with potential glomerulopathy

might result in the appearance of persistent hematuria and in turn leading to progressive kidney
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disease. In addition, since TBMN has been regarded as a benign disorder among glomerulopathy

accompanying hematuria, we need to evaluate whether donors with TBMN also have worse

outcome before excluding these patients for donor.

In my study, the risk of family history of IgAN or AS is surely underestimated because

many donors who could have it were categorized into unknown. Despite this, it was associated with

hematuria pre-donation and had a tendency of having persistent glomerular hematuria post-donation,

which suggests us to be careful in evaluating those prospective donors, and need to follow them up

for long-period of time if they donated, until the results of further investigations would be obtained.

My results further suggest and alert that hypertension irrespective of BP medication use

become an important risk for the worse renal outcome, as mentioned in the general population (80).

More strict control of BP would be needed in potential kidney donors. Conversely, higher BMI was

significantly associated with a greater improvement in post-donation GFR. However, we should not

conclude obesity or overweight is good for donors, because in the long-term, obesity has been

reported to be an independent risk factor for worse renal outcome in patients with solitary kidney

including donors (10, 81). My result may reflect temporal increment of GFR in donors with

overweight or obesity accelerated by hyperfiltration during the short period of time after donation.

This study has several limitations. The most important issue is that this is an observational

study based on the charts review with small sample size. The lower rate of developing persistent

proteinuria after donation to all subjects resulted in the lower precision of the value of estimated

risk. Because timing for and period of follow-up in each donor were not uniformed, the risk for
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kidney disease might be underestimated in donors with shorter period of follow-up. In the

assessment of renal function, eGFR equation for Japanese was not sufficiently validated in the

cohort of pre- and post-donation donors, therefore, the level of GFR and their changes after

donation might be imprecise. Because this study was consisted of only Japanese, my results might

not be applied to the other races and have a limit to the generalization. Finally, I could not evaluate

the histological findings of kidney in donors presenting persistent hematuria because 0-hr biopsy

has not been recently performed in TWMU. Nevertheless, I believe my results including the new

insights into living kidney donation would help to improve the quality of selection, management

and well being of living kidney donors. In future, whether donors with the risk for kidney disease

would really have the worse outcome of kidney function, health status, and life-span should be

ascertained in observational study with longer follow-up period of time.

In conclusion, persistent glomerular hematuria both pre- and post-donation in donors was a

significant risk for both persistent proteinuria and progressive renal dysfunction. Eligibility of

potential donors with isolated hematuria, especially with dysmorphic one and family history of IgA

nephropathy and Alport syndrome, should be considered with greatest discretion.
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Summary

Results of my investigations are summarized as follows:

From study No.1; most (> 90%) of Jananese living kindey donors had lower GFR corresponding to

CKD stage 3 after donation, however the following trends of GFR until 3 years after donation had

showed stabilization, distinct from CKD in the general population. This result suggests a possibility

of inadequacy for post-donation kidney donors to apply the current diagnostic definition of CKD.

From study No.2; post-donation donors who developed ESRD had stabilized kidney function for

long period, however, the acquirement of risk factors known as progression or accelerating factors

of CKD triggered to start sudden decline in renal function leading to ESRD. After donation, they

had higher incidence of persistent protenuria, acute cardiovascular events, severe infection, and

hospitalization due to accelerating factors of CKD than those not developing ESRD. This result

implies that development for ESRD may be potentially controllable by medications, and therefore

indicates the importance of long-term follow-up with special attention to risk factors of CKD such

above, in order to check for and prevent CKD risks, and to take immediate action if they develop

these risks.

From study No.3; living kidney donors having persistent glomerular hematuria both pre- and

post-donation had significantly higher risk for kidney disease (persistent proteinuria or progressive
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decline in GFR) after donation. This result suggests the need for great discretion in defining of

potential donors with isolated glomerular hematuria, with paying attention to possible risk of having

family history of IgA nephropathy and Alport syndrome.

Conclusion

Living kidney donors have lower GFR regarded as kidney disease by the current definition

of CKD after donation, but may not have to be simply applied it only with the level of

post-donation GFR because of the following stabilized renal function after donation. Meanwhile, to

prevent post-donation development for kidney disease or ESRD, we should evaluate them carefully

and follow them up for long period with special attention on risk factors known as progression or

accelerating factors of CKD, especially those with hematuria. In accordance with my results,

potential donors with persistent glomerular hematuria should be excluded for donor and their BP

needs to be controlled less than 130/85 mmHg before donation.
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Table 1. Clinical characteristics of all 237 donors and 77 donors including in study population.

Variable Study population
N=237 Range N=77 P Value*
Physical and biochemical examinations
Male, n (%) 104 (43.9) 32 (41.6) 0.62
Age, median (years) 56 (49 to 63) 21 to 76 57 (49 to 64) 0.43
Body mass index, mean (kg/m?) 23.2(3.3) 14.4 to 33.7 23.5(3.2) 0.32
Systolic blood pressure, mean (mmHg) 124.3 (15.3) 88 to 172 124.8 (14.8) 0.70
Diastolic blood pressure, mean (mmHg) 75.9 (11.6) 46 to 104 77.4 (10.6) 0.18
Albumin, median (g/dl) 43 (4.1t04.5) 3.5t04.9 43(4.1t04.5) 0.74
Hemoglobin, median (g/dl) 13.7 (1.5) 8.2t017.1 13.7 (1.4) 0.88
Uric acid, median (mg/dl) 5.0(1.4) 1.7t09.3 5.1(1.3) 0.75
Total cholesterol, mean (mg/dl) 201.6 (36.4) 102 to 291 197.1 (37.0) 0.16
Triglyceride, median (mg/dl) 120 (82 to 185) 35t0 538 128 (83 to 191) 0.62
Renal function tests
Estimated GFR, median (ml/min/1.73m?)§ 70.6 (64.1 to 77.7) 44.1 to 125.4 68.7 (62.0 to 78.4) 0.14
Creatinine clearance, median (ml/min/1.73m%)t 114.0 (96.6 to 130.6) 72.0to 218.8 111.9 (96.9 to 33.3) 0.94
CKD stage 3 or more at evaluation, n (%) 36 (15.2) 14 (18.2) 0.37

Values were expressed as number (%), mean (SD), and median (IQR) when appropriate. *; Comparison with the other 160 donors who had not

been followed until 3 years after donation. §; Post-hoc evaluation at the time of this study. T; Creatinine clearance in 2-hours was measured in

outpatient clinic.
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Table 2. Comparison the mean absolute changes in eGFR of postoperative donors with those of CKD patients and the general populations.

This study Imai et al. (19) Erikson et al. (22) Jones et al. (23) MDRD study group (24)
Study A Study B
N 77 120727 3047 726 553 219
. ) Community-based Patients with CKD CKD patients CKD patients with diverse
Characteristics of Postoperative ) ] ] ) ]
_ _ . study in the stage3 in the general ~ before nephrology renal diseases included in
studied subjects kidney donors .
Japanese population referral MDRD study
Age, years 57 (49 to 64) >40 75 (67 to 81) 72+14 52.2+12 50.8+12
eGFR at baseline, 45.7 (41.4 to
. 9 N/A§ 55.1(50.8 to 57.9) 29 (18 to 38) 25-55 13-24
ml/min/1.73m 52.3)
Follow-up, years 2.0 10 3.7 29 23 22
Yearly change in eGFR,
; ) 0.90+1.7 -0.36%* -1.03* -5.4 (-13 to -2)** -3.8+4.2%* -4.0£3.1%*
ml/min/1.73m
Rate of subjects with
yearly change in eGFR 27.3 N/A 73%* 84** 81** 8O**
<0, %

Variables were expressed as Mean+=SD, Median (IQR). Only values or range of variables were expressed if their detailed distributions were not
available. §; Subjects were widely included patients with CKD stagel to 5. *; P<0.01 and **; P<0.001 versus this study.
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease

N/A, not available.
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Table 3. Yearly changes in renal function since 1 year after donation stratified by the quartiles of preoperative eGFR, with adjustment for age

(N=T77).
Preoperative eGFR, ml/min/1.73m’
eGFR >80 eGFR 70 to 79 eGFR 60 to 69 eGFR <60
N=12 N=23 N=28 N=14

Change in mean eGFR ml/min/1.73m? (95% confidence interval)
Absolute change, ml/min/1.73m? 0.61 (-0.30 to 1.52) 1.25 (0.25 to 2.25)
Percent change, % 1.10 (-0.50 to 2.70) 2.85(0.71 to 4.98)
Age-adjusted change in mean eGFR ml/min/1.73m? (95% confidence interval)
Absolute change, ml/min/1.73m? 0.79 (-0.15 to 1.74) 1.23 (0.23 to 2.24)
Percent change, % 1.43 (-0.22 to 3.07) 2.80 (0.65 to 4.95)

0.95 (0.43 to 1.46)
2.17 (1.07 to 3.27)

0.95 (0.50 to 1.41)
2.15 (1.18 to 3.12)

0.50 (-0.42 to 1.42)
1.45 (-1.28 to 4.19)

0.36 (-0.61 to 1.32)
1.01 (-1.83 to 3.85)

eGFR, estimated glomerular filtration rate
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Table 4. Yearly changes in renal function since 1 year after donation stratified by the quartiles of ¢GFR 1 year after donation, with adjustment for age

(N=77).

Postoperative eGFR 1 year after donation, ml/min/1.73m?

eGFR > 60 eGFR 50 to 59 eGFR 40 to 49 eGFR <40

N=3 N=22 N=36 N=16

Change in mean eGFR ml/min/1.73m? (95% confidence interval)
Absolute change, ml/min/1.73m> -0.38 (-2.52 to 1.76) 0.49 (-0.28 to 1.26) 1.28 (0.67 to 1.88) 0.87 (0.04 to 1.70)
Percent change, % -0.62 (-4.11 to 2.88) 0.95 (-0.48 to 2.38) 2.83 (1.50 to 4.16) 2.42 (-0.01 to 4.83)
Age-adjusted change in mean eGFR ml/min/1.73m* (95% confidence interval)
Absolute change, ml/min/1.73m? -0.38 (-2.59 to 1.83) 0.55 (-0.23 to 1.32) 1.27 (0.68 to 1.87) 0.80 (-0.04 to 1.64)
Percent change, % -0.61 (-4.22 to 3.00) 1.06 (-0.38 to 2.49) 2.82 (1.50to 4.14) 2.22 (-0.22 to 4.66)

eGFR, estimated glomerular filtration rate



Table 5. Clinical characteristics before and after donation in 8 donors who developed ESRD.

Number of patients

Variables 1 2 3 4 5 6 7 8
Before donation

Sex M F M M F M F M
Age, years 72 55 49 40 56 20 45 41
eGFR, (ml/min per
1 73m) 68.9 54.0 84.1 69.4 60.7 N/A N/A 62.5
BMI, kg/m* 25.2 25.5 30.5 24.7 23.5 N/A N/A 21.1
Hypertension O
Proteinuria © ©
Hematuria
Smoke O O

After donation until
developing CKD stage 4
eGFR immediately
after donation, 400 437 50.5 629 439 4178 607 449
(ml/min per 1.73m?)
Time for

14.0 20.9 16.5 16.3 10.9 13.6 13.9 0.3
Development, years

Hypertension O O © ©
Proteinuria © © © © ©
Hematuria © © ©

Diabetes mellitus ©

Anemia © ©
Dyslipidemia @) © O O
Hyperuricemia © ©

Time for developing
ESRD, years

14.8 22.0 16.5 18.0 12.0 14.9 13.9 0.8

O; positive finding or newly development, but well controlled with medications. ©); persistent positive
finding with or without medications. Blank; negative findings. {; eGFR evaluated in the next visiting
after donation. N/A, not available.

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular
filtration rate; ESRD, end-stage renal disease.

Definitions: Hypertension, more than 140 or 90 mmHg in systolic or diastolic blood pressure;

Anemia, less than 13 or 11 g/dl if female in serum hemoglobin; Dyslipidemia, more than 220 or 150
mg/dl in serum total cholesterol or triglyceride; Hyperuricemia, more than 7 or 6 mg/dl if female in

serum uric acid.
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Table 6. Risk factors for developing ESRD after donation.

Case Control Crude risk Adjusted risk*
Variable N=8 N=24 Hazard ratio (95%CI) P Value Hazard ratio (95%CI) P Value

Male sex, n (%) 5(62.5) 15 (62.5)

Age ,years 47.4 (14.8) 48.5(11.3)

Pre-donation eGFR 19 66.6 (10.3) 71.4(12.3) 0.95 (0.87 to 1.02) 0.14 0.93 (0.83 to 1.01) 0.07

Pre-donation BMI 19 25.1(3.1) 23.6 (2.2) 1.18 (0.80 to 1.66) 0.40 1.16 (0.80 to 1.63) 0.41

Past history of hypertension, n (%) 1(12.5) 4(16.7) 0.90 (0.05 to 5.21) 0.92 1.00 (0.05 to 7.02) 0.99

Proteinuria before donation, n (%) 2 (25.0) 1(4.2) 2.56 (0.36 to 12.0) 0.30 2.52 (0.33 to 16.2) 0.34

Smoking, n (%) 2 (25.0) 6 (25.0) 1.45 (0.20 to 7.00) 0.67 1.31 (0.12 to 10.5) 0.81

eGFR immediately after donation 48.5 (8.7) 48.4 (8.6) 1.00 (0.03 to 15.4) 0.92 0.98 (0.88 to 1.08) 0.74

Yearly change in post-donation eGFR 19 0.46 (0.91) 0.37(0.52) 1.09 (0.35t0 12.2) 0.45 1.59 (0.27to 11.2) 0.61
CKD progression factor acquired after donation §

Persistent proteinuria, n (%) 5(71.4) 3(14.3) 4.92 (1.04 to 34.8) 0.04 6.10 (1.13 t0 52.8) 0.03

Uncontrolled hypertension, n (%) 2 (28.6) 2(9.5) 2.86 (0.40 to 14.7) 0.26 3.27 (0.40 to 22.6) 0.24
CKD accelerating factor acquired after donation**

Acute cardiovascular event, n (%) 4 (50.0) 0(0) 6.03 (1.40 to 25.8) 0.02 9.45 (1.83 to 58.0) 0.01

Severe infection, n (%) 3(37.5) 0 (0) 4.74 (0.95 t0 19.9) 0.06 12.0 (1.51 to 180) 0.02

Cardiovascular disease, n (%) 3 (37.5) 3 (12.5) 1.40 (0.28 to 5.89) 0.66 1.63 (0.30 to 8.77) 0.55
Hospitalization due to CKD accelerating factor, n (%) 5(62.5) 2(8.3) 4.45 (1.07 to 22.0) 0.04 7.80 (1.44 to 65.7) 0.02

Variables were expressed as number (%) or mean (SD). *; Adjusted for age and sex.

Exclusion of patient with matched pairs from analysis and the reason: {; Patient 6, 7, and f; Patient 6, 7, 8 (missing data), §; Patient 8 (too short-term observation to

evaluate CKD progression factors). 9; Evaluation of risk by increment of 1 unit in each variable (¢GFR, ml/min/1.73m*; BMI, kg/m?).

**: Each category of CKD accelerating factors includes several disorders as follow: Acute cardiovascular event, CHF or cardiogenic shock; Severe infection, pneumonia

or pyelonephritis needed for admission; Cardiovascular disease, CHF, cerebral infarction or sick sinus syndrome.

Abbreviations: BMI, body-mass index; CHF, congestive heart failure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.



Table 7. Pre-donation association of microscopic hematuria with clinical characteristics related to kidney

function.
Variable Microscopic hematuria, n (%) P Value
Total No Occasional Persistent
242 193 29 20
(100) (79.3) (12.1) (8.3)
Occasional proteinuria by dipstick
No 231 214 (92.6) 17 (7.4) 0.16
Yes 11 8(72.7) 3(27.3)
Family history of IgA nephropathy or Alport syndrome
No 199 187 (94.0) 12 (6.0) 0.02
Yes 43 35(81.4) 8 (18.6)
Urinary dysmorphic RBC
No 220 215 (97.7) 5(2.3) <0.001
Yes 22 7 (31.8) 15 (68.2)
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Table 8. Association between characteristics at baseline and persistent proteinuria after donation in 242

living kidney donors.

Variable Proteinuria after donation P Value
No or Occasional Persistent
(n=222) (n=20)

Male sex, % 40.0 45.0 0.67
Age, years 57 (49 to 64) 61 (54 to 69) 0.15

>70, % 8.6 20.0 0.11
Body-mass index, kg/m” 22.8 (20.9 to0 25.0) 24.0 (21.6 t0 25.4) 0.32

>30, % 4.5 5.0 1.00
Systolic blood pressure, mmHg 118 (112 to 129) 132 (113 to 150) 0.02
Diastolic blood pressure, mmHg 74 (66.0 to 80.3) 77 (68.5 to 88.0) <0.001

Systolic >130 or Diastolic >85, % 27.5 55.0 0.02
Treatment with antihypertensives, % 17.1 35.0 0.07
eGFR, ml/min/1.73m’ 78.6 (70.7 to 91.0) 80.2 (69.4 to 85.1) 0.96

CKD stage 3, % 7.7 10.0 0.66
Proteinuria

Occasional positive test by dipstick, % 2.3 30.0 <0.001

24-hr urine protein of > 150 mg/day, % 0.5 5.0 0.16
Hematuria

Occasional, % 12.6 5.0 0.48

Persistent, % 5.9 35.0 <0.001
Urinary dysmorphic RBC, % 7.2 30.0 0.01
Smoking, % 24.8 25.0 1.00
Donation for sibling, % 66.2 75.0 0.42
Family history of kidney disease

IgA nephrolpathy or Alport syndrome, % 15.3 20.0 0.37

Other chronic glomerulopathy, % 13.1 20.0 0.49

Unknown, % 8.6 0 0.38
Albumin, g/dl 43 (4.1t04.5) 43 (4.0t04.4) 0.46
Hemoglobin, g/dl 13.5 (12.8 to 14.3) 13.6 (12.2 to 14.6) 0.73
Uric acid, mg/dl 4.8(4.1t05.9) 4.9 (4.0 t0 6.0) 0.74
Total cholesterol, mg/dl 202 (178 to 232) 209 (171 to 221) 0.78
Triglyceride, mg/dl 111 (76 to 177) 118 (85 to 155) 0.66
Time since donation, month 27 (15 to 48) 35 (18 to 47) 0.37

Variables were expressed as median (interquartile range), or percentage.

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
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Table 9. Risk for persistent proteinuria after kidney donation in 242 living kidney donors.

Variable Univariate analysis Multivariate analysisT
Odds ratio P Value Odds ratio P Value
(95%CI) (95%CI)

Pre-donation characteristics

Proteinuria by dipstick (versus negative test)

Occasional 18.6 (5.04 t0 72.2)  <0.001 14.0 (3.22t0 65.8)  <0.001
Hematuria (versus negative test)

Occasional 0.53 (0.03 to0 2.90) 0.53 0.39 (0.02 to 2.74) 0.39

Persistent without d-RBC 3.77 (0.18 to 28.1) 0.31 3.80 (0.17 to 33.5) 0.33

Persistent with d-RBC 10.0 (2.96 t0 33.0)  <0.001 12.3 (2.65 to 59.7) 0.002
Blood pressure (versus normotension)

Treated normotension 2.59(0.37to 11.9) 0.30 0.85 (0.08 to 5.76) 0.88

Hypertension 3.74 (1.40 to 10.6) 0.01 3.48 (1.06 to 12.4) 0.04

Post-donation characteristics

Hematuria (versus negative test)§

Occasional 1.65(0.24t06.92)  0.56  3.40(0.45t017.7)  0.20
Persistent without d-RBC 475(0.23t036.6) 025  8.07(0.33t086.8)  0.16
Persistent with d-RBC 6.33(2.19t0 18.2)  <0.001  8.36(2.37t031.5)  0.001

+: Adjusted for age, sex, proteinuria, hematuria, eGFR, and body-mass index before donation. Excluded
variables from covariates which had P-Value more than 0.2 in univariate analysis: smoking, donation for
sibling, family history of IgA nephropathy or Alport syndrome, serum albumin, hemoglobin, uric acid, total
cholesterol, triglyceride, and time since donation.

§: Hematuria before donation was excluded from the multivariate model because of significant bias in the
distribution of hematuria between pre- and post-donation.

Abbreviations: CI, confidence interval; d-RBC, dysmorphic red blood cell; eGFR, estimated glomerular
filtration rate.
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Table 10. Association between yearly percent changes in glomerular filtration rate since 1 year after

donation and clinical characteristics in 163 living kidney donors.

Variable Univariate analysis Multivariate analysis T
B P B P
(95%CI) Value (95%CI) Value
Pre-donation characteristics
Body-mass index, kg/mz, 1 unit 0.26 (0.11 to 0.42) 0.001 0.20 (0.02 to 0.38) 0.03
eGFR, ml/min/1.73m?, 1 unit 0.03 (-0.01 to 0.06) 0.12 0.04 (0.01 to 0.07) 0.04
Proteinuria by dipstick (versus negative test)
Occasional -0.01 (-2.49 to 2.48) 1.00 -0.27 (-2.79 to0 2.24) 0.83

Post-donation characteristics

Hematuria (versus negative test)

Occasional 0.23 (-1.56 to 2.03) 0.80 0.29 (-1.50 to 2.08) 0.75
Persistent without d-RBC -0.10 (-3.53 t0 3.33) 0.96 -0.74 (-4.21 t0 2.73) 0.67
Persistent with d-RBC -2.07 (-3.70 to -0.44) 0.01 -1.69 (-3.36 t0 -0.01)  0.048
Time since donation, month, 1 unit -0.02 (-0.05 t0 0.01) 0.12 -0.03 (-0.06 to 0.01) 0.08

T: Adjusted for age, sex, proteinuria, eGFR, body-mass index all before donation, hematuria after donation,
and variables with P-Value less than 0.2 in univariate analysis; serum albumin, uric acid, total cholesterol at
donation, and donation for sibling (R?=0.15).

Excluded variables from covariates which had P-Value more than 0.2 in univariate analysis: pre-donation
variables of hematuria, smoking, family history of IgA nephropathy or Alport syndrome, serum hemoglobin,
and triglyceride; post-donation variables of proteinuria.

Abbreviations: CI, confidence interval; d-RBC, dysmorphic red blood cell; eGFR, estimated glomerular

filtration rate.
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Table 11. Pre-donation risk factors for persistent glomerular hematuria after kidney donation in 242 living

kidney donors.

Variable Univariate analysis Multivariate analysisT
Odds ratio P Value Odds ratio P Value
(95%CI) (95%CI)
Proteinuria by dipstick (versus negative test)
Occasional 2.61 (0.55t09.62) 0.17 0.58 (0.02 to 7.99) 0.72
Hematuria (versus negative test )
Occasional 10.1 3.32t031.7)  <0.001  3.88(0.80 to 16.7) 0.09
Persistent 150.6 (40.4 to 769)  <0.001 314 (430t0263)  <0.001
Urinary dysmorphic RBC (versus negative test)
Positive 100.8 (29.9t0 471)  <0.001 15.2 (2.04 to 161) 0.007
Family history of IgA nephropathy or Alport syndrome (versus negative test)
Positive 3.46 (1.51t0 7.74) 0.01 3.45 (0.84 to 13.8) 0.09

1: Adjusted for age, sex, proteinuria, hematuria, dysmorphic RBC, eGFR, and body-mass index all before
donation, in addition to serum albumin, hemoglobin, smoking status, and family history of IgA nephropathy
or Alport syndrome.

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate.
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Figure 1. Distribution of eGFR 1 year after donation (N=162).
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Figure 2. Trend of mean renal function in postoperative donors until 3 years after donation.
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Figure3. Clinical courses in living kidney donors who developed end-stage renal disease. Because some patients were temporarily lost to follow-up,
lines in patient 1 to 3 were discontinuous. Preoperative renal function in patient 6 and 7 were not available.

T; Biopsy proven diagnosis.

§; Congestive heart failure developed before transplant clinic visit at 17 years after donation. A primary care physician informed us of the stable renal
function in patient 3 until the previous year.

Abbreviations: ATN; acute tubular necrosis, CHF; congestive heart failure, eGFR; estimated glomerular filtration rate, FSGS; focal segmental

glomerular sclerosis.
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