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To determine the function of the remaining contralateral kidney
after the removal of a functioning kidney, 30 consecutive patients
(18 men, 12 women; average age, 67 y; age range, 34—87 y) who
were undergoing unilateral radical nephrectomy were evaluated
by sequential quantitative ™ Tc-dimercaptosuccinic acid (DMSA)
SPECT (QDMSA) studies. Methods: The 30 patients were
undergoing radical nephrectomy for renal tumors. The first study
was done before surgery. Follow-up studies were performed
2-23 mo after surgery. Clinical evaluations and determinations of
serum creatinine level were performed at the same time as the
QDMSA studies. Results: The relative contribution of the re-
sected kidneys to the global renal function before surgery was
43.2% * 7.3%. After surgery the uptake of the remaining kidney
increased from 13.4% =* 4.0% to 18.3% * 5.8% (t = 5.7; P =
0.0000). The relative function of the remaining kidney increased
from 56.8% * 7.1% t0 79.1% =* 23.6% (t = 4.9; P < 0.0001) of
the global renal function before nephrectomy. Increases in the
renal volume (from 211 = 62 cm3t0 229 + 68 cm?3; t = 4.5; P =
0.0001) and in the percentage injected dose per cubic centimeter
(%ID/cm3) of the remaining kidney (from 0.066 + 0.02 %ID/cm?3
to 0.085 + 0.03 %ID/cm? t = 4.6; P = 0.0001) were associated
with this change. Nine patients had 2 follow-up studies performed
3-4 mo after surgery and 12—14 mo after surgery. The volume of
the remaining kidney (209.22 + 46.20 cm?® versus 217.88 *
58.85 cm3; t = 0.962; P = 0.364), the %ID/cm3 (0.09 * 0.016
%ID/cm3 versus 0.093 * 0.025 %ID/cm3; t = 0.362; P = 0.726),
and the percentage uptake (19.26% *+ 4.45% versus 20.11% *+
7.01%) did not change significantly between these 2 QDMSA
studies. Conclusion: The results of this study suggest that
adaptive changes causing hyperfunction of the remaining kidney
may occur after nephrectomy of a functioning kidney in adults.
These changes occur soon after surgery, persist for at least 1y,
and are evident on QDMSA studies.
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After removal of 1 kidney because of disease, cancer,
injury, or transplant donation, functional adaptation and
compensatory hypertrophy of the remaining kidney take
place. Compensatory renal growth has been shown in
studies of animals and humans (/—4). Kidney enlargement
has been estimated radiologically by an increase in length or
in some indices using the length, width, or volume (1,3,4).
Renal volume determination by sonography has shown a
20%-100% increase in the remaining kidney volume (3,4).
Functional adaptation of the remaining kidney after unilat-
eral nephrectomy has a rapid onset, more so for glomerular
function than for tubular function. The creatinine clearance
increases to 70%-75% of the preoperative creatinine clear-
ance within several weeks postoperatively (5) and remains
stable for more than 10 y after nephrectomy (6-8). The
serum creatinine level usually increases up to 20% above
baseline, remaining within the normal range (9,10). The
effective renal plasma flow increases by about 30% as early
as 1 wk after surgery (8) and remains above the prenephrec-
tomy level even after 10 y.

The renal uptake of %™Tc-dimercaptosuccinic acid
(DMSA) has been shown to correlate well with effective
renal plasma flow, glomerular filtration rate, and creatinine
clearance (1/-13). Quantitative SPECT of *™Tc-DMSA
(QDMSA) uptake by the kidneys has been shown to be
useful in separating normal from diseased kidneys (14), to
correlate well with creatinine clearance and serum creatinine
level in patients with single kidneys (14,15), and to be a
reproducible method to monitor serial changes in individual
renal function (/6). The aim of this investigation was to
evaluate the volume and function of the remaining kidney
after resection of a functioning kidney by QDMSA studies.

MATERIALS AND METHODS

Patient Population

Forty-five patients with renal tumors were enrolled prospec-
tively in the study. Fifteen of these patients were excluded: 5 were
lost to follow-up, 2 died after surgery, 2 had diagnoses of benign
renal cysts and did not have surgery, 2 had hypofunctioning of the
resected kidney, 1 refused surgery, 1 had widespread disease with
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lung metastases and did not have surgery, 1 had partial infiltration
of the radiopharmaceutical dose and the study was technically
inadequate, and 1 did not have follow-up of his serum creatinine
level at the time of the QDMSA study after surgery. The study
population consisted of the remaining 30 patients (18 men, 12
women; average age, 67 y; age range, 34-87 y). Twelve (40%)
patients had hypertension, 2 (6%) had diabetes, and 1 (3%) had
nephrolithiasis of the remaining kidney. All patients underwent
radical nephrectomy of a functioning kidney. Twenty-six patients
had malignant tumors: 24 had ‘renal cell carcinoma, 1 had a
transitional cell carcinoma of the ureter, and 1 had a retroperitoneal
liposarcoma. Four patients had benign tumors of the kidney: 1 had
a cystic nephroma, 1 had a simple cyst, 1 had multilocular renal
cysts, and 1 had perinephric pseudocysts. Each patient had 2 or 3
sequential QDMSA studies. A total of 69 QDMSA studies were
evaluated. All patients had a study performed immediately before
surgery. A second study was performed 2-23 mo after surgery. In 9
of these patients an early follow-up study was performed 2-6 mo
after surgery (early follow-up) and another study was performed
12-17 mo after surgery (late follow-up). At the same time, patients
were evaluated clinically, and serum creatinine levels were deter-
mined.

Quantitative SPECT

The technique has been reported in detail (/4) and is described
briefly. Quantitative SPECT of ™Tc-DMSA uptake by the kidneys
was measured using the same methodology as in previous studies
(14,15,17). The patient was injected with 75-150 MBq (24 mCi)
9mTc-DMSA, and SPECT was performed after 4-6 h. The exact
dose injected was obtained by measurement of the syringe in the
dose calibrator before and after the injection. The amount of
radioactivity was corrected for decay from the time of injection to
the time the study was actually performed. The studies were
performed using a rotating, single-head yy camera equipped by an
all-purpose, low-energy collimator (Apex 415-ECT; Elscint, Ltd.,
Haifa, Israel). Data acquisition lasted 20 min, with 120 projections,
3° apart, accumulating 3-5 X 10° counts per study. The raw data
were reconstructed by filtered backprojection using a Hann filter
with a cutoff of 0.5 cycle/cm. After reconstruction, each image was
sectioned at 1-pixel (0.68 cm) intervals in the transaxial, coronal,
and sagittal planes using a 64 X 64 byte matrix. Kidney volumes
and radioactive concentration measurements were calculated on the
transaxial reconstruction data using the threshold method. After
obtaining a series of phantom measurements using volumes of
30-3800 cm? and concentrations between 0.375 and 135 kBg/cm?3,
a threshold value of 43% was found to be optimal for ®™Tc (15,18).

On the transaxial slices the operator identifies the slice to define
the kidney and draws a region of interest around the organ. For
volume measurements (in cubic centimeters) the number of pixels
containing activity greater than the threshold in all sections
multiplied by the slice thickness is calculated. For concentration
measurements, the threshold value is subtracted from all pixels in
the regions of interest in all slices. All nonzero pixels with higher
counts than the threshold value are used to calculate the concentra-
tion. Counts per voxel are converted into concentration units (in
kBg/cm?) using the regression line obtained previously by phantom
measurements (/8). The percentage injected dose per cubic centi-
meter (%ID/cm3) of renal tissue is calculated using this value
corrected for radioactivity decay. Kidney uptake is then obtained
by multiplying kidney volume (in cubic centimeters) and %ID/cm?
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(14). Excellent correlation (r = 0.99) has been found between
actual concentration in kidney phantoms and SPECT-measured
concentration (/4), and a coefficient of variation for replicate
studies of <2% was also found in phantom studies (/9), indicating
that the method can be used reliably to measure the concentration
of ¥"Tc-DMSA in the kidneys.

Statistical Analysis

The ¢ test and paired ¢ test were used to compare preoperative
versus postoperative and remaining versus resected kidney values
of volume in cubic centimeters, %ID/cm?, and percentage uptake as
well as serum creatinine levels. Values are expressed as mean *
SD. Linear regression analysis was used to evaluate the correlation
between serum creatinine level and renal uptake before and after

surgery.

RESULTS

Patient characteristics and results of QDMSA studies are
summarized in Table 1 and Table 2. Before surgery the
operated kidneys contributed 43.2% * 7.3% to the global
renal function (right and left kidneys), and the contralateral
kidneys contributed 56.8% * 7.3%. The uptake of *™Tc-
DMSA before surgery in the contralateral kidney was
13.4% * 4.0%. This increased to 18.3% * 5.8% (t = 5.7;
P = 0.0000). This increase was associated with an increase
in renal volume from 211 * 62 cm3 to 229 * 68 cm? (t =
4.5; P = 0.0001) as well as an increase in %ID/cm? from
0.066 = 0.02 %ID/cm? to 0.085 * 0.03 %ID/cm3 (¢ = 4.6;
P = 0.0001). In the 9 patients who had early and late
QDMSA studies performed after surgery there was no
significant change in the contralateral kidney uptake
(19.26% = 4.45% versus 20.11% = 7.01%;t = 0457, P =
0.6599), renal volume (209.22 * 46.2 cm3 versus 217.88 *+
58.85 cm?; t = 0.962; P = 0.364), and %ID/cm? (0.09 *
0.016 versus 0.093 * 0.025 %ID/cm?; t = 0.362; P = 0.726)
between these 2 examinations. After surgery the function of
the remaining kidney increased to 79.1% * 23.6% of total
(both kidneys) preoperative renal function compared with
56.8% * 7.3% preoperatively (t = 4.9; P < 0.001).

Serum creatinine levels before surgery were within nor-
mal limits in all patients, except for 2 (6.6%) with creatinine
levels of 1.7 and 2.0 mg/dL (patients 1 and 27; Table 1). The
average preoperative serum creatinine level was 1.04 + 0.28
mg/dL. It increased to 1.55 * 0.46 mg/dL after surgery (1 =
7.695; P = 0.0000). In the 9 patients who had their
creatinine levels determined at early and late follow-up after
surgery, no significant change was found between those
levels (1.433 * 0.40 mg/dL versus 1.45 * 0.40 mg/dL; ¢t =
0.80; P = 0.447). Abnormal serum creatinine levels (>1.6
mg/dL) were more common after surgery, occurring in 6
(20%) of the patients. In the 6 patients with elevated
creatinine levels after surgery, the uptake of ™Tc-DMSA in
the nonoperated kidney before surgery was 11.2% * 3.0%
compared with 14.3% * 4.0% in the nonoperated kidneys of
patients with postoperative serum creatinine levels < 1.6
mg/dL (¢ = 2.007; P = 0.0545). Otherwise, no change in the
patients’ clinical status occurred after surgery.
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TABLE 1
Patient Characteristics and QDMSA SPECT Data Before and After Nephrectomy

QDMSA
Creatinine Removed Contralateral Contralateral
(mg/dL) kidney, preop kidney, preop kidney, postop
Patient Age Volume Uptake Volume Uptake Volume Uptake Follow-
no. (y) Sex Preop Postop (cm3) %ID/cm® (%) (cm3)  %ID/cm® (%) (cm®) %ID/cm® (%) up(mo)
1 71 M 1.7 23 143 0.025 3.55 201 0.036 7.3 197 0.039 7.7 8
2 65 M 1.0 1.6 152 0.04 6.1 240 0.053 127 250 0.062 156 2
3 7 M 1.1 1.6 180 0.048 8.8 198 0.048 9.5 226 0.047 107 7
4 65 F 1.0 11 179 0.08 144 191 0.09 17.0 201 0.120 24.7 2
5 34 F 0.4 0.9 229 0.071 16.4 198 0.082 164 232 0.101 235 10
6 71 M 1.0 2.8 252 0.03 7.6 328 0.046 156.2 364 0.042 154 1
7 63 M 14 1.6 220 0.06 13.2 220 0.064 142 242 0.079  19.2 3
8 52 M 1.1 13 291 0.031 9.1 437 0.039 174 471 0.029 13.9 7
9 4 M 08 1.5 193 0.039 7.7 256 0.037 954 277 0.066 18.3 3
10 68 M 1.0 1.6 240 0.056 135 250 0.05 12.5 258 0.045 11.6 12
1 70 F 0.9 1.3 192 0.067 13.1 196 0.07 13.9 208 0.091 19.0 13
12 53 M 1.0 1.4 208 0.059 124 225 0.081 18.2 260 0.093 243 14
13 87 M 1.2 25 220 0.046 10.3 220 0.062 138 210 0082 174 23
14 66 F 0.8 14 231 0.039 9.2 250 0.039 9.9 259 0.058 153 10
15 73 F 1.0 1.5 135 0.066 9.0 121 0.079 9.6 137 0.097 133 3
16 7% M 1.0 14 174 0.056 9.8 169 0.066 1.2 204 0.101 207 14
17 55 F 0.9 1.1 166 0.07 1.7 168 0.068 1.5 21 0.072 16.1 3/12*
18 52 M 11 14 251 0.03 8.6 229 0.05 123 270 0.098 26.6 3/14*
19 73 F 1.0 14 131 0.114 14.9 159 0.105 16.6 185 0.169  31.2 3
20 79 M 09 1.3 165 0.06 9.4 180 0.06 10.4 180 0119 215 an2*
21 74 F 0.9 15 132 0.1 145 159 0.1 17.0 174 0.119 20.7 3/13*
22 69 M 1.2 1.7 139 0.03 46 196 0.05 9.2 172 0.117 202 8
23 80 M 1.1 1.5 125 0.11 13.9 203 0.12 245 197 0.119 236 3
24 80 M 1.2 1.9 168 0.06 9.6 232 0.065 15.0 210 0.100 206 32
25 66 M 1.0 1.2 204 0.06 11.6 259 0.05 12.2 310 0.046 165 2/11*
26 73 F 0.9 1.2 124 0.074 9.24 224 0.086 193 288 0.119 34.0 K bad
27 7 M 20 23 173 0.041 7.12 144 0.055 79 135 0.081 14.3 6/12*
28 76 F 08 1.0 114 0.063 7.24 172 0.094 163 155 0.112 17.3 6
29 71 F 0.9 1.5 198 0057 113 159 0.052 8.37 159 0.036 5.75 4
30 46 F 0.8 1.1 145 0.09 124 170 0.09 15.4 184 0.090 16.0 312"

*Early/ate follow-up.
Preop = preoperative; postop = postoperative.

DISCUSSION

After removal of 1 kidney compensatory growth changes
occur in the remaining kidney (20). Increased renal blood
flow and glomerular pressures may cause a mechanical

TABLE 2
Quantitative DMSA SPECT Before and After Nephrectomy
Resected Contralateral  Contralateral
kidney, kidney, kidney,
Parameter preop preop postop
Volume (cm3) 186 * 45 211 = 62 229 + 68*
%|D/cm?3 0.059 = 0.02 0.066 = 0.02 0.085 * 0.03"
Uptake (%) 10.3 = 3.2 13.4 = 4.0 18.3 + 5.8t
*P = 0.0000.
1P = 0.0001.

Preop = preoperative; postop = postoperative.
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stimulation for renal growth. Humoral and neural mecha-
nisms are also possible causative factors (21,22). Hyperpla-
sia and hypertrophy are characteristic of the compensatory
growth. Several studies have examined the effects of renal
donation on the contralateral kidney. Hypertension, mild
proteinuria, and a decrease in creatinine clearance may
develop in long-term follow-up, but these are no greater than
those in the normal population. In spite the known functional
and structural changes after nephrectomy, donor renal
function remains stable for many years after renal donation
(8,22-25).

Renal cortical scintigraphy with ®"Tc-DMSA is being
used for functional imaging of the proximal renal tubular
mass, which is dependent on renal blood flow and on the
proximal tubule cell membrane transport function (13,26).
Quantitation of *"Tc-DMSA uptake in each kidney sepa-
rately provides a practical index of absolute renal function
(11-15,17,27-30). Absolute quantitation of *™Tc-DMSA
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uptake by the kidneys has been used in separating normal
from diseased kidneys (/4). A good correlation (r = 0.76)
between QDMSA and creatinine clearance (/5) and between
QDMSA and serum creatinine (/4,15) has been reported in
patients with a single kidney. QDMSA has also been shown
to be a reproducible method that can be used to monitor
serial changes in individual renal function with a precision
of 7.1% (16).

Patients in this group, after nephrectomy because of renal
tumor, showed a compensatory response in the remaining
kidney. The compensatory increase in the absolute uptake of
99wTc-DMSA by the remaining kidney was associated with
an increase in the renal volume and an increase in %ID/cm?>.
The function of the remaining kidney increased to 79.1% of
the total preoperative renal function compared with 56.8%
before surgery. The compensatory changes seen early after
nephrectomy remain unchanged between the early and late
follow-up studies, probably reaching a plateau at this time.
These findings agree with similar observations made in
different patient groups undergoing nephrectomy. Kidney
enlargement of 20%-100% was shown by sonography
during long-term follow up (2—4). Anderson et al. (8)
measured renal function on !3!I-labeled o-iodohippurate
scans and found an increase in the effective renal plasma
flow of 32.5% by 1 wk and 30.1% within 1 y over the
baseline preoperative values after renal donation. The mean
postoperative effective renal plasma flow represented 66%
of the total preoperative effective renal plasma flow. Pabico
et al. (31) found a 55% increase in the effective renal plasma
flow calculated with p-aminohippurate clearance within
10-14 d after donor nephrectomy. Vincenti et al. (5) found a
creatinine clearance of 72% of the preoperative value 1 wk
after nephrectomy.

In 27 patients who were monitored for more than 20 y,
Regazzoni et al. (25) found an immediate increase in
creatinine clearance of about 34%, peaking at 2-6 mo
postoperatively and then reaching a plateau. Smith et al. (32)
monitored 40 patients for 5-30 y (mean, 11.8 y) after
unilateral nephrectomy. Serum creatinine levels increased in
these patients by 17% (from 1.1 to 1.29 mg/dL), although
this increase was not statistically significant. Measures of
glomerular function (serum creatinine, creatinine clearance,
or inulin clearance) are remarkably stable with time after
unilateral nephrectomy. The glomerular filtration rate after
donor nephrectomy generally stabilizes at 75%-85% of the
predonation values, and serum creatinine increases by
approximately 20% (5-8,10,33-35). Our findings agree with
these reports, which also showed an increase in serum
creatinine levels in all patients. However, this increase was
more pronounced than that in our patients, reaching to 55%
above baseline. This finding may associated with the fact
that our patients were older and a significant percentage had
other disorders affecting renal function, such as hyperten-
sion, diabetes, and nephrolithiasis of the remaining kidney.

This study also assessed the possibility of predicting
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long-term follow-up results on the basis of the preoperative
evaluation of the contralateral kidney function, indicated by
the absolute uptake of #™Tc-DMSA by that kidney. In the 6
patients who had significant increases in creatinine levels
after surgery, reaching the abnormal range (>1.6 mg/dL),
the preoperative QDMSA data suggest a relatively reduced
preoperative uptake (although not statistically significant) in
the nonoperated kidney. If, indeed, it is possible to predict
preoperatively the postoperative renal function on the basis
of QDMSA, this study may be potentially useful in identify-
ing a subset of patients who may need consideration of a
different surgical intervention (e.g., nephron-sparing sur-
gery), a special diet (e.g., dietary restriction of protein and
phosphate), a change in medication to prevent renal function
deterioration (angiotensin-converting enzyme inhibitors,
heparin, or calcium channel blockers), and a closer fol-
low-up for the evaluation of the possible deterioration of
renal function after surgery. However, our findings are not
statistically significant, possibly because of the small num-
ber of patients and overall relatively preserved renal func-
tion in this patient group. No patient developed renal failure
after surgery.

CONCLUSION

Compensatory hyperfunction is common after nephrec-
tomy because of renal tumor and can be shown on QDMSA.
Compensatory hyperfunction is caused by an increase in
renal volume and in %ID/cm? in the remaining kidney,
occurs early after surgery, and remains essentially un-
changed for at least 1 y after surgery. The ability to identify
preoperatively a high-risk group of patients with significant
postsurgical deterioration of renal function needs to be
further evaluated.

REFERENCES

1. Dinkel E, Britscho J, Dittrich M, et al. Renal growth in patients nephrectomized
for Wilms tumor as compared to renal agenesis. Eur J Pediatr. 1988;147:54-58.

2. Schmitz A, Chri CK, Chri T, et al. No microalbuminuria or other
adverse effects of long-standing hyperfiltration in humans with one kidney. Am J
Kidney Dis. 1989;13:131-136.

3. Gudinchet F, Meuli R, Regazzoni B. Compensatory renal growth in children and
adults studied by Doppler sonography. J Clin Ultrasound. 1994;22:11-15.

4. Gomez-Anson B, Carrero-Lopez V, Diaz-Gonzalez R. Image-directed color
Doppler ultrasound evaluation of the single kidney after unilateral nephrectomy in
adults. J Clin Ultrasound. 1997;25:29-35.

5. Vincenti F, Amend WIJC Jr, Kaysen G, et al. Sustained compensatory hyperfiltra-
tion with no adverse effects. Transplantation. 1983;36:626-629.

6. Weiland D, Sutherland DER, Chavers B, Simmons RL, Ascher NL, Najarian JS.
Information on 628 living-related kidney donors at a single institution, with
long-term follow-up in 472 cases. Transplant Proc. 1984;16:5-7.

7. Hakim RM, Goldszer RC, Brenner BM. Hypertension and proteinuria: long-term
sequelae of uninephrectomy in humans. Kidney Int. 1984;25:930-936.

8. Anderson RG, Bueschen AJ, Lloyd LK, Dubovsky EV, Burns AR. Short-term and
long-term changes in renal function after donor nephrectomy. J Urol. 1991;145:
11-13.

9. Najarian JS, Chavers BM, McHugh LE, Matas AJ. 20 years or more follow-up of

living kidney donors. Lancetr. 1992;340:807-810.

. Miller IJ, Suthanthiran M, Riggio RR, et al. Long-term clinical and biochemical

follow-up of living donors in a single center. Am J Med. 1985:79:201-208.

11. Kawamura J, Hosokawa S, Yoshida O, Fujita T, Ishii Y, Torizuka K. Validity of

99m-Tc dimercaptosuccinic acid renal uptake for an assessment of individual
kidney function. J Urol. 1978;119:305-309.

e No. 6 ¢ June 2000



19.

20.

21.

22.

. Daly MJ, Jones W, Rudd TG, Tremann J. Differential renal function using

technetium-99m-dimercaptosuccinic acid (DMSA): in vitro correlation. J Nucl
Med. 1979;20:63-66.

. Taylor A. Quantitation of renal function with static imaging agents. Semin Nucl

Med. 1982;12:330-344.

. Groshar D, Frenkel A, losilevsky G, et al. Quantitation of renal uptake of

technetium-99m DMSA using SPECT. J Nucl Med. 1989;30:246-250.

. Groshar D, Embon OM, Frenkel A, Front D. Renal function and technetium-99m-

dimercaptosuccinic acid uptake in single kidneys: the value of in vivo SPECT
quantitation. J Nucl Med. 1991;32:766-768.

. Groshar D, Moskovitz B, Issaq E, Nativ O. Quantitative SPECT of DMSA uptake

by the kidneys: assessment of reproducibility. Kidney Int. 1997;52:817-820.

. Groshar D, Moskovitz B, Gorenberg M, et al. Quantitative SPECT technetium-

99m-DMSA uptake in the kidneys of normal children and in kidneys with
vesicoureteral reflux: detection of unilateral kidney disease. J Nuc! Med.
1994;35:445-449.

. losilevsky G, Isracl O, Frenkel A, et al. A practical SPECT technique for

quantitation of drug delivery to human tumors and organ absorbed radiation dose.
Semin Nucl Med. 1989,19:33—46.

Israel O, Gorenberg M, Frenkel A, et al. Local and systemic effects of radiation on bone
metabolism measured by quantitative SPECT. J Nucl Med. 1992,33:1774-1782.
Wesson LG. Compensatory growth and other growth responses of the kidney.
Nephron. 1989;51:149-184.

Halliburton IW, Thomson RY. Chemical aspects of compensatory renal hypertro-
phy. Cancer Res. 1965;25:1882-1887.

Van Vroonhoven TJ, Soler-Montesinos M, Malt RA. Hormonal regulation of renal
mass. Surgery. 1972;72:300-305.

. Steckler RE, Richle RA, Vaughn ED. Hyperfiltration-induced renal injury in

normal man: myth or reality. J Urol. 1990;144:1323-1327.

KIDNEY FUNCTION AFTER RADICAL NEPHRECTOMY ¢ Ben-Haim et al.

24.

26.

27.

28.

29.

30.

31
32.
33.
. Talseth T, Fauchald P, Skrede S, et al. Long-term blood pressure and renal

35.

Goldfarb DA. Preservation of renal function and the risk of hyperfiltration
nephropathy. Semin Urol Oncol. 1995;13:292-295.

. Regazzoni BM, Genton N, Pelet J, Drukker A, Guignard JP. Long-term follow-up

of renal functional reserve capacity after unilateral nephrectomy in childhood. J
Urol. 1998;160:844-848.

Majd M, Rushton HD. Renal cortical scintigraphy in the diagnosis of acute
pyelonephritis. Semin Nucl Med. 1992;22:98-111.

Kawamura J, Itoh H, Okada Y, et al. Preoperative and postoperative cortical
function of the kidney with staghorn calculi assessed by *™technetium-
dimercaptosuccinic acid renal scintigraphy. J Urol. 1983;130:430-433.

Baillet G, Gagnadoux MF, DeVemejoul P, Broyer M. Quantitation of renal
function with %™Tc-DMSA: a comparison with creatinine clearance in children
with single kidney. Nucl! Med Commun. 1985;6:733-738.

Anninga JK, Valdes Olmos RA, de Kraker J, Van Tinteren H, Hoefnagel CA, Van
Ryen EA. Technetium-99m dimercaptosuccinic acid and ifosfamide tubular
dysfunction in children with cancer. Eur J Nucl Med. 1994;21:658-662.

Flower MA, Meller ST, Chittenden SJ, Fielding SL, Evans K, Gordon 1. Absolute
99m-Tc-DMSA renal uptake in children: optimum time to scan. Nuc! Med
Commun. 1995;16:572-574.

Pabico RC, McKenna BA, Freeman RB. Renal function before and after unilateral
nephrectomy in renal donors. Kidney Int. 1975;8:166-175.

Smith S, Laprad P, Grantham J. Long-term effect of uninephrectomy on serum
creatinine concentration and arterial blood pressure. Am J Kidney Dis. 1985:6:
143-146.

Tapson JH. The risks of donor nephrectomy. Int J Artif Organs. 1985;8:13-16.

function in kidney donors. Kidney Int. 1986;29:1072-1076.

Williams SL, Oler J, Jorkasky DK. Long-term renal function in kidney donors: a
comparison of donors and their siblings. Ann Intern Med. 1986;105:1-8.

1029



