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Almost one-third of transplanted kidneys come from living donors, who sacrifice approximately 30% of their pre-donation
glomerular filtration rate (GFR) after they experience compensatory hypertrophy and hyperfiltration in their remaining
kidney. Although hyperfiltration can cause glomerular injury, many studies have suggested that donor nephrectomy itself
does not cause long-term loss of GFR at a higher rate than what is seen in the normal aging population. However, when
post-donation kidney diseases occur in an unfortunate few, recent studies suggest that GFR loss at donor nephrectomy
increases the risk of eventual end-stage renal disease (ESRD). In this issue of the JCI, Lenihan and colleagues evaluated
glomerular dynamics in a cohort of kidney donors prior to, with in 1 year of, and several years after kidney donation. Their
results suggest that adaptive hyperfiltration in the remaining kidney occurs without glomerular hypertension, furthering our
understanding of the relatively benign renal outcomes for most living kidney donors.
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Altered kidney function in 
living donors
Several longstanding issues associated 
with living kidney donation are currently 
being reexamined. In the early days, cen-
ters were concerned about several possible 
long-term risks to kidney donors (1). As 
nephrectomy reduces a donor’s glomeru-
lar filtration rate (GFR) by approximately 
30%, a “uremic” effect was viewed as a 
potential threat to donor health; centers 
were also concerned that hyperfiltration 
in the remaining kidney might worsen the 
progression of new-onset post-donation 
kidney diseases, should they  arise; most 
important, animal models suggested that 
single-nephron hyperfiltration itself might 
cause glomerular sclerosis, threatening 
the possibility of widespread, acceler-
ated losses of GFR after donation (1). In 
these models, both single-nephron GFR 
and glomerular capillary pressure were 
increased. Although the individual contri-
butions of each of these two factors were 
not determined, it is widely suspected that 

increased glomerular pressure contributes 
to kidney damage (2).

Analysis of the post-donation 
glomerular response
In this issue, Lenihan and colleagues 
report on a longitudinal study of glom-
erular dynamics in living kidney donors 
prior to, within 1 year of, and a median of 
6.3 years after kidney donation (3). This 
study is a valuable effort to characterize 
the increase in post-nephrectomy sin-
gle-nephron GFR in the years following 
kidney donation. GFR is dictated by four 
determinants of glomerular ultrafiltra-
tion: renal plasma flow (RPF); systemic 
oncotic pressure (πA); the hydraulic pres-
sure gradient (ΔP); and the glomerular 
ultrafiltration coefficient (Kf ), which is a 
product of the hydraulic conductivity of 
the glomerular capillary membrane and 
glomerular surface area (4). Lenihan et al. 
directly measured two of these four deter-
minants, RPF and πA, while the individual 
contributions of Kf and ΔP were derived 

from detailed equations and plausible 
assumptions regarding glomerular hemo-
dynamics. The authors also measured a 
40% increase in GFR in the remaining, 
untransplanted donor kidney (3).

The four determinants of GFR are not 
truly independent variables. Micropunc-
ture assessments of renal function under a 
variety of physiologic and pathophysiologic 
conditions have shown important interde-
pendencies among them (5). For example, 
πA and ΔP vary directly and primarily as a 
result of changes in systemic protein con-
centration, which confers considerable 
stability to ultrafiltration pressure (PUF), 
which is the difference between ΔP and 
πA (PUF = ΔP – πA) (4, 6). Previous stud-
ies have clearly demonstrated an inverse, 
bidirectional relationship between ΔP and 
Kf (6). For example, if Kf is acutely reduced 
or chronically reduced, such as occurs 
after immune injury to the glomerulus, 
ΔP clearly increases (7, 8). A reduction in 
a conductance pathway (Kf) for water and 
small solutes should logically increase 
upstream hydraulic pressure. Alterna-
tively, when ΔP is increased in the glomer-
ulus over time, such as occurs in a remnant 
kidney or following five-sixths nephrec-
tomy (2, 9), Kf tends to markedly decrease 
either via loss of hydraulic conductivity or 
of glomerular surface area (5); however, 
it is not clear mechanistically how or why 
this occurs. The reduction of Kf in response 
to increases in hydraulic pressure has been 
clearly demonstrated in experimental 
rodent models (2, 9). Such an increase in 
ΔP might reduce Kf and lead to long-term 
kidney dysfunction in kidney donors.

Under certain conditions, the nor-
mal rat demonstrates filtration pressure 
equilibrium, the point at which filtra-
tion ceases because hydraulic pressure 
is exactly opposed by increased oncotic 
pressure along an idealized glomerular 
capillary (4, 5). Whether this is also seen 
in humans is of central importance in two 
respects. First, unique Kf values can be 
assigned only if filtration pressure equi-
librium is not achieved (10), a point not 
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Almost one-third of transplanted kidneys come from living donors, who 
sacrifice approximately 30% of their pre-donation glomerular filtration rate 
(GFR) after they experience compensatory hypertrophy and hyperfiltration 
in their remaining kidney. Although hyperfiltration can cause glomerular 
injury, many studies have suggested that donor nephrectomy itself 
does not cause long-term loss of GFR at a higher rate than what is seen 
in the normal aging population. However, when post-donation kidney 
diseases occur in an unfortunate few, recent studies suggest that GFR 
loss at donor nephrectomy increases the risk of eventual end-stage renal 
disease (ESRD). In this issue of the JCI, Lenihan and colleagues evaluated 
glomerular dynamics in a cohort of kidney donors prior to, with in 1 year 
of, and several years after kidney donation. Their results suggest that 
adaptive hyperfiltration in the remaining kidney occurs without glomerular 
hypertension, furthering our understanding of the relatively benign renal 
outcomes for most living kidney donors.
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These recent studies have also demon-
strated that current donor selection proto-
cols may not be able to exclude all donor 
candidates who will develop future kidney 
diseases, a risk that is distinct from the 
risks of donor nephrectomy per se (18). 
Young donors who are fated to develop 
these diseases will be particularly difficult 
to identify, as they may well be normal at 
the pre-donation medical examination 
(18, 19). Twenty-five-year-old candidates, 
for example, will be several decades away 
from their highest-risk years for ESRD, as 
only 13% of ESRD occurs by age 44 each 
year, and about 50% of cases occur after 
age 64 (20). They will be at greatest risk 
for diabetic ESRD, which will not appear 
until diabetes has been present for at least 
20 years (18). For those young donors, 
in whom progressive post-donation kid-
ney diseases may not begin until middle 
age, preservation of their interim “renal 
reserve” is particularly important. The 
apparently benign physiology of adaptive 
post-donation GFR in this way helps limit 
the ESRD risks for both the few donors 
who will develop post-donation kidney 
diseases as well as for all the others who 
will not. This study by Lenihan et al. is a 
valuable contribution to understanding 
those outcomes.
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(12). Many studies found that in the first 
10–15 years after donation, kidney donors 
appeared to stay healthy, with little ESRD 
and stable GFRs. The need to separately 
address the risks of “uremia,” new-onset 
kidney diseases, and adaptive hyperfiltra-
tion was not pressing or obvious. Indeed, 
some single-point analyses have indicated 
that post-donation GFR actually increases 
slightly in donors over time, rather than 
declining slowly, as it does in normal indi-
viduals within the general population. 
However, in one major study, such single-
point data conflicted with actual decre-
ments of about 6 ml/min/1.73 m2/decade 
when the GFR was directly measured twice 
over several years (13). The current study 
by Lenihan and colleagues (3) is consistent 
with these largely benign post-donation 
outcomes. Specifically, their results suggest 
that hyperfiltration following kidney dona-
tion does not damage the glomerulus by 
increasing glomerular hydraulic pressure.

Lenihan and colleagues are careful not 
to claim that benign post-donation glom-
erular adaptation supports a categorical 
“no-risk” view of living kidney donation. 
They cite two recently published stud-
ies that suggest that kidney donors are 
at a substantially increased risk of ESRD 
when compared with that of appropri-
ately selected individuals with both kid-
neys as controls (14, 15). In these studies, 
the overall absolute rate of post-donation 
ESRD was very low, but the risk of ESRD in 
donors was about 8 to 11 times higher than 
that in controls during their respective 7.6- 
and 15.1-year observation periods. Expert 
commentary has criticized the composi-
tion of the control groups, the statistical 
analysis (16, 17), the attempt to derive a 
single-risk estimate to cover what may 
be markedly heterogeneous individual 
risks, and the extrapolation of predictably 
low 10- to 15-year ESRD risks to lifetime 
outcomes (18). That same commentary 
attributed at least some of the increase 
in the relative risk of kidney donors for 
ESRD to GFR loss at donor nephrectomy. 
All else being equal, since donors would 
have, on average, 30% less “renal reserve” 
when progressive kidney diseases arose, 
over a given study interval, they would 
reach ESRD well before their two kidney 
comparators (16, 18). In other words, for 
all donors, lower post-donation GFRs are 
important renal risk factors (18).

addressed by Lenihan et al. (3). At filtra-
tion pressure equilibrium, only minimal 
estimates of Kf can be computed. Second, 
the presence or absence of filtration pres-
sure equilibrium strongly modifies the 
effects of increased RPF on GFR and fil-
tration fraction (4). In the kidney donors 
evaluated by Lenihan and colleagues, 
RPF and GFR both increased by 40%, 
maintaining a constant filtration fraction 
of about 22%. Lenihan and colleagues 
argue in favor of filtration pressure dis-
equilibrium in human donors, leading 
them to conclude that Kf must have 
increased in parallel with RPF in order for 
GFR to increase proportionately (3). Leni-
han et al. also allow that if filtration pres-
sure equilibrium occurred in the donors 
studied, increased RPF could increase 
GFR without a simultaneous increase in 
Kf (4, 5); however, they argue that this sce-
nario is unlikely. Lenihan and colleagues 
are to be congratulated for recognizing 
that some combination of increased ΔP 
and lesser increases in Kf might satisfy the 
conditions they observed in their study 
(3). They show that a modest increase in 
ΔP of approximately 3 to 4 mmHg would 
permit Kf to remain constant. The most 
extreme alternative hypothesis requires 
ΔP to increase to 45 to 50 mmHg, with 
a reciprocal 30%–45% decrease of Kf, 
to still satisfy the functional findings in 
this study; however, given the measured 
increase in renal cortical volume, Lenihan 
and colleagues conclude that the most 
likely explanation is a parallel increase of 
RPF and Kf, with ΔP remaining constant. 
This finding is consistent with develop-
mental kidney growth in normal rodents, 
whereby GFR increases with kidney size 
via nearly identical increases in RPF and 
Kf, while ΔP remains constant (11). Leni-
han et al. also recognize the possibility 
of heterogeneity of ΔP and Kf responses 
among kidney donors that still satisfy 
their whole-organ cohort data on GFR, 
RPF, and filtration fraction and leave open 
the possibility that certain living donor 
populations may be at risk for future 
kidney dysfunction as a consequence of 
“hyperbaric” glomerular pressure.

Clinical implications
For decades, the additional, incremental 
long-term renal risk of kidney donation 
has been thought to be minimal or nil 
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