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Renal function studies after nephrectomy in renal donors

J M DAVISON, P R ULDALL, J WALLS

British Medical_Journal, 1976, 1, 1050-1052

Summary

Two to six years after they had donated a kidney the
24-hour creatinine clearances of five women and four
men had recovered to 85% and 87% respectively of pre-
nephrectomy performance. The male donors had a
lower 24-hour creatinine clearance than age-matched
controls, but during dextrose and inulin infusion they
had similar values for inulin clearance, creatinine clear-
ance, and glucose reabsorption. By contrast, the female
donors had significantly reduced clearances both over
24 hours and during infusion, as well as impaired ability
to reabsorb glucose. This suggests that potential female
donors should be more vigorously investigated before
nephrectomy.

Introduction

Renal plasma flow (RPF) and glomerular filtration rate (GFR)
increase considerably in early pregnancy to values 50-1O0Oo
above the pre-pregnancy levels.1 2 This is not accompanied by
an equal capacity on the part of the proximal tubule to reabsorb
glucose from the glomerular filtrate, which often results in
conspicuous glycosuria. In some women this relative inability
to reabsorb glucose is exaggerated during glucose infusion and
the phenomenon persists after pregnancy, though the 24-hour
urinary excretion of glucose reverts to normal. It has been
suggested that women with definite glycosuria during pregnancy,
and those with an impaired ability to reabsorb glucose during
infusions, may have suffered minor degrees of renal damage
from urinary tract infection during childhood or adolescence,
for example, with previous asymptomatic bacteriuria.3

Impaired glucose reabsorption may occur after removal of a
kidney in a healthy donor because of the "strain" placed on the
remaining kidney. In donors the RPF and GFR of the remaining
kidney increase from half the preoperative level to an average
of 70-80% of the "two-kidney" petformance.4 Moreover, a
removed kidney improves its performance when transplanted
into the recipient by about the same amount,6-which suggests
that the kidney's ability to adapt is innate and not dependent on
the maintenance of an undisturbed environment.
A rise in GFR (either in a single kidney after contralateral

nephrectomy or in a pair of kidneys in early pregnancy) requires
a commensurate increase in the ability of the tubular system to
deal with the filtrate if normal renal physiology is to be main-
tained. It is believed that the restoration of "glomerulotubular
balance"7 necessitates hypertrophy and hyperplasia of tubule
cells, but little is known about the functional aspects of such
tubular changes.
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It seemed logical to re-examine tubular reabsorption of glucose
by modern techniques to study the changes, ifany, in "glomerulo-
tubular balance" in healthy male and female donors. Age-
matched healthy men and women with both kidneys intact were
studied as controls.

Subjects and methods

Five women, aged 36-56 years, and four men, aged 48-58 years,
who had donated a kidney two to six years earlier were compared
with a control group of five women aged 35-52 and four men aged
47-54; further details are given in table I. All subjects gave informed
consent to the procedure. They were in excellent general health with
no history or evidence of renal disease. Midstream specimens of urine
were sterile on aerobic and anaerobic culture in all cases.

TABLE I-Height, weight, age, and parity (in women) of patients studied

Subject
No

Male donors..

Female donors

Male controls

Female controls

2
3
4

5
6
7
8
9

10
11
12
13

-14
15
16
17
18

Age

58
57
54
48

56
50
48
42
36

54
51
49
47

52
50
49
37
35

Height
(cm)

181
167
168
166

159
150
166
168
167

166
178
180
172

163
163
155
165
168

Weight Parity
(kg)
86-6
76-9
79-6
705

55-6
58-9
80-8
66-9
64-0

80-7
80-0
88-1
72 5

64-9
76-0
56-0
61-0
62-7

2+0
2+0
2+0
3+0
0+0

3+0
1+0
2+0
3+0
0+0

A standard dextrose and inulin intravenous infusion, based on that
described by Goldring and Chasis,8 was administered" using a constant
infusion pump. The subjects were comfortably seated in an upright
position throughout the infusion. Stable plasma levels of inulin of
about 300 mg/l were achieved after 30 minutes; plateau plasma
glucose levels of 8-34-16-7 mmol/l (150-300 mg/100 ml) were usually
achieved (see table III). After the initial 30 minutes clearances were
estimated for three successive 20 minute periods. The subjects passed
urine spontaneously, the women using a commode beside the chair.
Because of the diuretic effect of the infused glucose, and because the
subjects were encouraged to drink during the infusion, urine volumes
were large and therefore errors of collection due to incomplete
bladder emptying were unlikely to be significant. Before the infusion
all subjects collected urine for the estimation of creatinine and glucose
during the preceding 24 hours. A blood sample was taken within that
24 hours for plasma creatinine determination.

Inulin concentrations in both plasma and urine were determined
by the method of Heyrovsky,'0 and we took particular care to prevent
precipitation of inulin from the urine by collecting samples into a
warmed container and keeping them warm until diluted in the labora-
tory."' "True" creatinine was determined in both plasma and urine
by a kinetic method12 using an LKB 1800 reaction rate analyser to
obviate any confusion with non-creatinine chromogens. Glucose in
urine was determined by the hexokinase-glucose-6-phosphate de-
hydrogenase method,"'4 and in plasma by a glucose oxidase-peroxidase
method.'5

Results

Data are presented without correction to a standard body surface
area of 173 nM2. The progressive change in 24-hour creatinine clear-
ance from before nephrectomy to one week after and two to six years

-l1- .1 1.
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TABLE ii-GFR (24-hour creatinine clearance) in nine healthy donors

After operation
Subject No Before operation att1rweek rat()a

at I week at (x) years*

Men
1 104 79 84 (3)
2 80 74 81 (6)
3 111 74 97 (2)
4 109 47 89 (4)

Mean ( SD) 101-0 14-3 68-5 14-5 87-8 6-99

Womenz
5 90 54 71 (5)
6 104 80 88 (5)
7 98 70 79 (3)
8 86 60 70 (2)
9 106 82 105 (4)

96-8 p8-7 69-2 + 12-2 82-6 = 14-5

*Time studied after nephrectomy shown in parentheses.

after operation is shown in table II. All nine donors had a reduced
clearance, averaging 70",,, soon after nephrectomy, but all sub-
sequently improved, so that two to six years later the four men had
a mean 24-hour creatinine clearance which was 8700 of their pre-
nephrectomy performance; the five women achieved a mean clearance
of 85o, in a similar period.

Details of inulin clearance, endogenous creatinine clearance, and
glucose reabsorption during infusion as well as 24-hour creatinine
clearance are given in table III. Creatinine clearance measured under
infusion conditions gives essentially similar results to inulin clearance
in all cases (r = 094). The differences are so small as to be within the
errors of the method. Twenty-four hour creatinine clearance is
generally credited with overestimating GFR but our data often give
results in the opposite direction.1

TABLE III-Detailed results in 18 subjects studied

24ahor |Infusion data
24-hour

Subject creatinine Creati-iine Inulin Plateau Glucose
No clearance clearance clearance plasma reabsorption

glucose ( filtered
(mlImin) (ml/min) (mlmmin) (mmol/l) load)

2
3
4

5
6
7
8
9

10
11
12
13

14
15
16
17
18

84
81
97
89

71
88
79
70
105

9E
11]

104
9_

7E
6)

966f
93

10]
10E
104
11(

106
118
102
102

86
109
106
128
106

82
13]
10]
152
112

Male donors
6 96
1 104
4 97
3 98
Femtale donors

B 70
1 63
3 85
6 63
3 98

Male controls
1 87
B 111

4 85
O 111

Female conttrols

2 77
1 125
1 103
2 140
2 96

7-88
8-99

12-4
12-9

16-9
15-5
9-16

15:414-7

11-0

15-4
10-6

13-1
7.99

11-6
6-55
8-99

92
93
76
84

64
63
90
73
71

88
87
80
79

78
98
80
96
97

Conversion: SI to traditional units-1 mmol 1 18 mg/l00 ml.

For the men GFR, measured by 24-hour creatinine clearance, was
higher in those with two kidneys than in those with only one, the
difference being statistically significant at the 501 level. This difference
virtually disappeared when GFR was determined by inulin clearance.
The male donors could reabsorb glucose as well as the controls.
The performance of women with only one kidney was clearly

inferior to that of those with two kidneys. The differences in creatinine
clearance, inulin clearance, and glucose reabsorption were significant
at the 5n" level (table III). The figure shows clearly the reduced
capacity of women with only one kidney to reabsorb glucose.

Discussion

The GFR in the remaining normal kidney of man is
known to increase promptly after contralateral nephrectomy.
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Originally it was thought that the increase was complete by
seven days but recent work has shown that GFR continues to
rise slightly after the initial increment, although the delayed
improvement in function is small and inversely related to age.16

Using 24-hour creotinine clearance data we have shown that
after at least two years one kidney achieves a GFR remarkably
close to that of the original two kidneys. Aftel nephrectomy the
remaining kidney's proximal convoluted tubules change in
response to the increased filtered load. Cellular hypertrophy and
hyperplasia occur, in that order, over several weeks.17 18 In
our study the raised GFR had stabilised and the associated
tubular compensations were presumably complete.

Obviously prospective studies assessing subjects before and
after donor nephrectomy are ideal, and such a study is under
way. A study of seven healthy renal donors before and 10-14
days after nephrectomy has already been reported in which
several renal indices were examined,5 but the renal handling of
glucose was studied in only three of the subjects. In that study
the sera and urine samples were frozen to await subsequent
analysis and there is evidence that precipitation of inulin,
particularly from urine, can occur under such conditions.1'
In addition, the urinary glucose concentration was determined
by a glucose oxidase-peroxidase method that underestimates
glucose when compared with the hexokinase method,'9 thus
crediting the kidney with a greater reabsorptive capacity than
it has. In the pre- and post-nephrectomy studies in these three
subjects the classical graph of a fixed maximal tubular reabsorp-
tive capacity for glucose (Tm0) was attained, despite several
reports that this entire concept is now difficult to sustain.8 20 21
The success with which compensatory tubular function occurs

after nephrectomy seems to have an obvious sex difference.
Judged by the ability to reabsorb a large filtered load of glucose,
the male donors showed themselves to be as capable as their
controls, but the female donors generally seemed unable to rise
to the challenge and were much less efficient than their controls.
Why should the male renal donor be better ? Compensatory

hypertrophy is directly related to the nitrogen content of the
diet,22 and growth hormone, thyroxine, testosterone, and pro-
gesterone have renotrophic effects.2' 54 Thus the better end
results in the men may have been due to the growth-promoting
effects of testosterone on tubules that have the capacity to respond
to such stimuli. Damaged tubules may be incapable ofresponding
fully to any stimulus and the question arises whether the
widespread occurrence of urinary tract infection, perhaps clinic-
ally trivial, in otherwise healthy girls and women may not be a
cause. An episode of asymptomatic bacteriuria in childhood or
adolescence may be enough to impair proximal tubular function
and seems likely to lie behind some pregnant women's grossly
reduced ability to reabsorb glucose.3 In the context of renal
donors it is particularly significant that apparently healthy
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symptom-free relatives of patients with terminal renal disease
have an extremely high incidence of underlying renal disease
themselves. 25 '6 If such be the case then potential female donors
should be investigated rigorously, and some aspect of proximal
tubular function should be determined.

We thank the members of the renal transplant team, Newcastle
upon Tyne, for their co-operation.
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Azathioprine and penicillamine in treatment of rheumatoid
arthritis: a controlled trial
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Summary

Sixty-five patients, 33 receiving azathioprine and 32
receiving penicillamine, took part in a one-year, single-
blind external-observer trial designed to compare the
efficacy and toxicity of these two drugs in the treatment
of rheumatoid arthritis. By six months there was a
significantly greater rise in haemoglobin and fall in
erythrocyte sedimentation rate among those receiving
penicillamine, and by one year this difference remained
only in the increase in haemoglobin levels. Fifteen
patients, 10 on azathioprine and 5 on penicillamine,
had to stop treatment because of side effects; 90 single
side effects occurred, 48 in those on penicillamine and
42 in those on azathioprine. After one year both drugs
were similar in efficacy and toxicity, but longer-term
trials are needed. Both drugs were effective.
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Introduction

Azathioprine has a steroid-sparing effect in rheumatoid arthritis'
that has been shown to be greater than that obtained with gold.'
Less progression in joint erosions was also reported in patients
treated with azathioprine.1 2

Penicillamine, introduced by Jaffe3 4 for treating severe
rheumatoid arthritis, was later confirmed as an effective agent
in a multicentre trial.: Subsequently Huskisson et a16 reported
that results with penicillamine were comparable to those obtained
with gold.
Our trial was designed to determine whether there is any

demonstrable difference between azathioprine and penicillamine
in efficacy or toxicity in the treatment of rheumatoid arthritis.

Methods

A single-blind external-observer trial was performed at the London
Hospital, Notley Hospital, and St Mary's Hospital, Colchester. The
trial supervisor (HB), who was aware of the treatment allocation,
was responsible for routine management, checking blood tests and
urine analysis results, and listing unwanted effects described by the
patients. Two blind observers assessed the severity of the disease, the
same observer always assessing the same patients (SPL at the London
Hospital and RAD at the other centres). In an initial pilot study, their
assessments on the same patients correlated closely.

Patiewt selectionz-Outpatients at the three centres were admitted
to the trial if they were over 18 years old and had definite or classical
rheumatoid arthritis,7 including a positive latex test result (titre of
1/80 or more) and erosive changes on x-ray pictures of the hands or
feet, or both. The disease had to be severe enough for the clinician
to conventionally consider the use of gold. Those patients already
receiving systemic corticosteroids were admitted only when the dosage
had been constant for at least six months. Criteria for exclusion were:
(a) previous treatment at any time with azathioprine or penicillamine
or with gold salts in the previous six months; (b) an abnormally low
white cell or platelet count at any time; (c) evidence of renal impair-
ment (raised blood urea or serum creatinine concentrations); and (d)
risk of pregnancy. Informed consent was obtained from all patients
at the beginning of the trial.
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