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Abstract. The clinical course was reviewed in 157 patients 
with unilateral renal agenesis and a normal contralateral 
kidney for the purpose of establishing a prognosis. There 
were 85 males (54%) and 72 females (46%). The mean age 
at diagnosis of unilateral renal agenesis was 37 years. The 
mean years at risk was 56. Proteinuria (>150 mg/24 h) was 
found in 19% of the 37 patients tested (P <0.001), hyper- 
tension developed in 47% of the 47 patients tested 
(P = 0.010), and renal function (adjusted for age and sex) 
was decreased in 13% of the 32 patients tested (P = 0.001). 
An increased filtration fraction was found in 7 (54%) of 
13 patients evaluated. At the completion of this study, 
114 patients (73%) were alive, and the survival rate was 
similar to that of age-, sex-matched United States life ta- 
bles. Forty-three patients (27%) died; 6 deaths (4%) were 
caused by renal failure. Our review indicates that patients 
with unilateral renal agenesis and a normal solitary kidney 
are at increased risk of proteinuria, hypertension, and renal 
insufficiency. Therefore, it is essential to have prolonged 
and careful follow-up and to employ strategies that maxi- 
mize renal preservation. 
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Introduction 

Urologists and nephrologists have routinely reassured 
patients that a single kidney is sufficient to meet the meta- 
bolic demands of the body without the development of 
proteinuria, hypertension, or renal insufficiency. The loss 
of functioning renal mass or the congenital absence of a 
kidney leads to hypertrophy of the remaining nephrons 
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and, initially, renal function is well maintained. Hyperfil- 
tration results in a decrease in both afferent and efferent 
arteriolar resistance. Because the reduction in resistance is 
greater in the afferent arteriole than in the efferent arteriole, 
the net result is an increase in the mean glomerular capil- 
lary pressure, which leads to an increase in the single 
nephron filtration rate [ 1]. It is generally believed that these 
functional changes in the remnant nephrons are beneficial, 
but experimental evidence suggests that the hemodynamic 
changes may in fact be maladaptive, leading to progressive 
destruction of the remaining glomeruli [2]. 

Sporadic clinical reports have documented the develop- 
ment of proteinuria and focal glomerulosclerosis in 
patients with unilateral renal agenesis (URA) and in 
patients who have undergone unilateral nephrectomy 
[3-8]. There are few studies, however, of renal function in 
these patients after years of follow-up [9, 10]. Most reports 
have focused on the outcome of adult patients who were 
renal donors for transplantation [2]. Patients with URA, or 
those who undergo nephrectomy in childhood, have a long 
interval in which their solitary kidney is exposed to hyper- 
filtration and its sequelae. We showed that the reduction of 
renal mass by nephrectomy during childhood is associated 
with an increased incidence of proteinuria and renal in- 
sufficiency [ 11]. 

To establish the incidence of proteinuria, hypertension, 
and renal insufficiency in patients with URA, we reviewed 
the clinical course of patients who were followed for more 
than 15 years from diagnosis. 

Patients and methods 

The clinical course was reviewed in 157 patients who were diagnosed 
with URA at the Mayo Clinic between 1960 and 1975. Radiographs were 
carefully reviewed and patients with vesicoureteral reflux, parenchymal 
scars, or any degree of hydronephrosis were excluded. All solitary kid- 
neys showed radiological evidence of compensatory hypertrophy. 
Patients were excluded if they had proteinuria of 30 g/dl or greater or 
elevation of serum creatinine at the time of diagnosis, or if there was an 
associated anomaly, such as spina bifida, that could lead to renal deteri- 
oration. Forty-three patients (27%) had died, 6 from renal failure. 
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Table 1, Medical profile of patients with unilateral renal agenesis (URA): 
a comparison of those with and those without follow-up laboratory data 

various urological complaints, such as nonfebrile urinary tract infections, 
microscopic hematuria, or flank pain. 

Variable Patients P* 
No follow-up Follow-up 
laboratory laboratory Resu l t s  
data (n = 119) data (n = 38) 

Sex (% male) 57 45 NS** 

Age at diagnosis (median years) 39 34 NS 

Event leading to diagnosis 
General medical 
examination (%) 47 70 0.012 

Renal symptoms (%) 53 a 30 

Died, % (no.) 36 (43) b 0 NA 

Questionnaire 
Not completed, % (no.) 16 (19) 0 NA 
Completed, % (no.) 48 (57) 100 (38) NA 
Response 

Diabetes (%) 5 6 NS 
Hypertension (%) 18 41 0.014 
Urinary tract infection (%) 25 25 NS 
Kidney stones (%) 5 6 NS 
Blood in urine (%) 5 t 1 NS 
Protein in urine (%) 7 0 NS 
Loss of kidney function (%) 7 3 NS 
Other medical problems (%) 27 56 0.006 
Removal of remaining 
kidney (%) 2 3 NS 

Age at questionnaire 
(median years) c 49 55 NS 

* Probability for a null hypothesis that postulates a similar distribution 
for both groups of patients; ** NS, P >0.10 
NA, Not applicable 
a Of 6 patients who died of renal failure, 4 had renal symptoms at the 
time of diagnosis 
b Value includes 6 patients who died of renal failure 
c Same as years at risk 

Nineteen Patients (12%) chose not to participate in the study. Ninety-five 
patients (6i%) responded to a detailed medical questionnaire. Measure- 
ments of 24-h creatinine clearance, 24-h urinary protein excretion, and 
blood pressure were obtained for 38 of the 114 surviving patients (33%). 
The adequacy of urine collection was assessed by total creatinine excre- 
tion adjusted for body weight [12]. Thirteen patients underwent study in 
our renal function laboratory. Glomerular filtration rate (GFR) was mea- 
sured by inulin clearance, effective renal plasma flow was assessed by 
para-aminohippuric acid (PAH) clearance, and the filtration fraction was 
calculated. 

The statistical comparison between groups was made using the chi- 
squared or rank sum test as appropriate. A one-sample chi-squared test 
was used to compare the percentage of patients with proteinuria, renal 
insufficiency, or hypertension with the expected percentage based on 
published reference limits [12, 13]. Survival from the day of URA 
diagnosis to death was estimated using the Kaplan-Meier method [14]. 
Expected survival was estimated using United States life tables for 
patients of matched sex, age, and year of birth. 

There were 85 male patients (54%) and 72 (46%) female. The mean 
age at diagnosis of renal agenesis was 37 years (range 1-78 years). 
Females were diagnosed at an earlier mean age than males (32.9 vs 
41.0 years, P = 0.015). The median follow-up after diagnosis was 
19.1 years. The mean years at risk was 57. The left kidney was absent in 
54% of the patients and the right kidney was absent in 46%. The diagno- 
sis of URA was based on radiographic evaluation, including excretory 
urography, renal ultrasonography, computed tomography, or radioiso- 
topic renal scans. URA was detected incidentally in 52% of patients 
during a general medical examination, and in 48% during evaluation of 

The medica l  his tory prof i le  was s imi lar  in the group with 
fo l low-up labora tory  data  (n -- 38) and the group wi thout  
labora tory  data  (n = 119) (Table  1). Urologica l  symptoms  
led to the d iagnosis  of  U R A  more  f requent ly  among 
patients wi thout  labora tory  data  than in those with labora- 
tory data. Hyper tens ion  and "other  medica l  p rob lems"  
were  repor ted  more  f requent ly  among those with laborato-  
ry data. Ur inary  tract infect ions were  repor ted  by  25% of  
the pat ients  who responded  to the quest ionnaire ,  hematur ia  
was repor ted  in 8%, diabetes  mel l i tus  in 5%, and renal  
calcul i  in 5%. 

Proteinuria 

Measurements  o f  24-h urinary prote in  excre t ion  were  per-  
formed in 37 patients.  Proteinur ia  was def ined as excret ion 
of  more  than 150 mg/24 h. Prote inur ia  was found in 19% 
of  these pat ients  (n = 7) compared  with the 2.5% expected 
(P <0.001). Protein excret ion in these 7 patients ranged 
f rom 161 to 1 ,666  mg/24 h, with a mean  protein excret ion 
of  590 mg/24 h and a median  o f  185 mg/24 h. Three  
patients excre ted  more  than 300 mg protein in 24 h. 

For  these 7 patients with proteinuria,  the mean age at 
diagnosis  o f  U R A  was 36 years  (range 1 3 - 5 0  years),  and 
the mean  years  at r isk  was 59 years  (range 4 1 - 8 4  years).  
Of  the 7 patients,  6 were  male.  Diabetes  mell i tns  was pres-  
ent in only 1 pat ient  with proteinuria,  The mean  age at 
diagnosis  for  the remain ing  30 patients without  prote inur ia  
was 33 years,  and the mean years at r isk was 56 years  
(range 3 0 - 8 7  years).  

Hypertension 

Patients were  cons idered  to be hyper tens ive  i f  systol ic  
b lood pressure  was 160 m m H g  or  more,  i f  d ias tol ic  b lood  
pressure was 95 m m H g  or more,  or  i f  the patient  was 
rece iv ing  ant ihyper tens ive  therapy [13]. B lood  pressure  
measurements  were  avai lable  for 47 patients:  22 of  these 
patients (47%) were  hyper tensive.  When  compared  with 
age- and sex-specif ic  reference l imits,  the inc idence  of  
hyper tens ion  (47%) was s ignif icant ly  h igher  than expected  
(28%) (P = 0.010). 

O f  the 22 patients with hypertension,  12 were female.  
The mean age at d iagnosis  o f  U R A  in these 22 patients was 
40 years (range 1 5 - 5 7  years),  and the mean  years  at r isk 
was 63 years  (range 3 8 - 8 3  years).  None  of  the hyperten-  
sive pat ients  had  a h is tory  o f  diabetes  mell i tus.  

Renal insufficiency 

Creat inine clearance was measured  in 32 patients, Renal  
insuff ic iency was def ined  according  to age and sex f rom 
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Table 2. Serum creatinine and creatinine clearance in 32 patients 

Sex Age at assess- Serum Creatinine Renal 
ment (years creatinine clearance insuffi- 
at risk), years (mg/dl) (ml/min per 1.73 m 2) ciency a 

F 67 1.4 41 Yes 
M 83 1.5 51 Yes 
M 63 1.3 45 Yes 
F 75 2.0 32 Yes 
M 87 1.3 65 No 
M 84 0.8 70 No 
M 76 1.6 54 No 
F 42 0.9 94 No 
F 40 0.9 83 No 
M 48 1.3 92 No 
M 62 1.2 81 No 
F 42 0.9 94 No 
M 64 1.2 96 No 
M 71 1.3 67 No 
F 60 0.8 71 No 
M 59 0.8 142 No 
F 30 0.9 99 No 
M 61 1,0 71 No 
M 40 1.2 107 No 
F 38 0.6 109 No 
M 70 1.8 62 No 
F 43 1.1 83 No 
F 57 1.0 91 No 
F 75 1.2 60 No 
F 41 0.9 94 No 
F 38 0.8 106 No 
F 55 0.9 94 No 
F 40 0.8 99 No 
F 73 1.1 59 No 
M 48 0.9 91 No 
F 53 1.0 77 No 
M 64 1.1 140 No 

a The criterion for renal insufficiency was a value below the published 
age- and sex-specific lower limits for creatinine clearance 

Table 3. Relationship between proteinuria, hypertension, and renal in- 
sufficiency in 27 patients with URA with at least one abnormality 

Sex Age at assess- Proteinuria a Hyper- Renalinsufficiency c 
ment (years) (rag/24 h) tension b (ml/min per 1.73 m 2) 

F 42 +317 - - 
M 40 +169 - - 
M 48 +161 - - 
M 61 +1,666 - - 
M 64 +184 + - 
M 70 + 1,449 + - 
M 83 +185 + +51 
F 83 NE + NE 
F 38 NE + NE 
F 39 - + NE 
F 42 - + - 
F 53 - + - 
F 57 - + - 
F 59 NE + NE 
F 60 - + - 
F 68 NE + NE 
F 73 - + - 
F 75 - + - 
M 71 - + NE 
M 47 - + NE 
M 59 - + - 
M 64 - + - 
M 67 NE + NE 
F 67 - + +41 
F 75 - + +32 
M 76 - + - 
M 63 - - +45 

Total + 7 22 4 

+, Present; - ,  not present; NE, not evaluated 
a Defined as excretion of>150 mg/24 h 
b Patients were considered hypertensive if their systolic blood pressure 
was ~> 160 mmHg, if their diastolic blood pressure was />95 mmHg, or 
if they were receiving medical treatment for hypertension 

Defined as having a creatinine clearance below published age- and 
sex-specific lower limits 

p r e v i o u s l y  p u b l i s h e d  t a b l e s  [12].  I n d i v i d u a l s  w i t h  a pe r -  

c e n t i l e  r a n k  l e s s  t h a n  2 . 5 %  w e r e  c o n s i d e r e d  to h a v e  r e n a l  

i n s u f f i c i e n c y .  
R e n a l  i n s u f f i c i e n c y  w a s  f o u n d  in  4 ( 1 3 % )  p a t i e n t s  

( P  = 0 .049) .  T h e  m e a n  c r e a t i n i n e  c l e a r a n c e  in  p a t i e n t s  w i t h  

r e n a l  i n s u f f i c i e n c y  w a s  4 2  m l / m i n  p e r  1.73 m2  ( r a n g e  

3 2 - 5 1  m l / m i n  p e r  1.73 ma) ( T a b l e  2). 
O f  t he  4 p a t i e n t s  w i t h  r e n a l  i n s u f f i c i e n c y ,  2 w e r e  m a l e  

a n d  2 w e r e  f ema le .  T h e  m e d i a n  age  a t  d i a g n o s i s  f o r  t h e s e  

4 p a t i e n t s  was  51 yea r s  ( r a n g e  4 8 - 5 8  yea r s ) ,  a n d  the  m e a n  
yea r s  at  r i sk  w a s  7 6  yea r s  ( r a n g e  6 8 - 8 4  years ) .  N o n e  o f  

t he  p a t i e n t s  h a d  d i a b e t e s  me l l i t u s .  T a b l e  3 s h o w s  t he  r e l a -  
t i o n s h i p  b e t w e e n  p r o t e i n u r i a ,  r e n a l  i n s u f f i c i e n c y ,  a n d  h y -  
p e r t e n s i o n .  T a b l e  4 c o m p a r e s  t he  m e a n  age  at  a s s e s s m e n t ,  

m e a n  s e r u m  c r e a t i n i n e  va lue ,  m e a n  c r e a t i n i n e  c l e a r a n c e ,  
a n d  m e a n  yea r s  at  r i s k  fo r  t he  p a t i e n t s  w h o  h a d  r e n a l  
i n s u f f i c i e n c y  a n d  t h e  p a t i e n t s  w h o  d i d  n o t  h a v e  r e n a l  in-  

s u f f i c i e n c y .  
O f  t he  13 p a t i e n t s  w h o  w e r e  s t u d i e d  w i t h  i n u l i n  a n d  

P A H  c l e a r a n c e s ,  4 ( 3 1 % )  h a d  a l o w  G F R ,  6 ( 4 6 % )  h a d  a 
l o w  e f f e c t i v e  r e n a l  p l a s m a  f low,  a n d  7 ( 5 4 % )  h a d  a n  in-  
c r e a s e d  f i l t r a t i o n  f r a c t i o n  ( T a b l e  5).  

Table 4. Serum creatinine and creatinine clearance in patients with and 
without renal insufficiency 

Renal No renal 
insufficiency insufficiency 
(n = 4) (n = 28) 

Mean age at assessment (years) 72 56 

Mean serum creatinine 
(mg/dl) 1.55 1.05 

Mean creatinine clearance 
(ml/min per 1.73 m 2) 42 88 

Mean years at risk 72 56 

Survival 

A t  the  t i m e  o f  th i s  r epor t ,  114  p a t i e n t s  ( 7 3 % )  w e r e  a l ive .  
F o r t y - t h r e e  p a t i e n t s  ( 2 7 % )  h a d  d ied ;  6 d e a t h s  w e r e  c a u s e d  
b y  r e n a l  fa i lure .  In  o u r  s t u d y  p o p u l a t i o n ,  s u r v i v a l  f r o m  the  
day  o f  U R A  d i a g n o s i s  was  s i m i l a r  to  e x p e c t e d  s u r v i v a l  
a d j u s t e d  fox" age,  sex ,  a n d  y e a r  o f  b i r t h  (Fig .  1). 
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Fig. 1. Observed ( ) and expected 
(...) survival for 157 patients with unilater- 
al renal agenesis. Observed survival was 
similar to that based on United States life 
tables for patients of similar age, sex, and 
year of birth (expected). The number of 
patients at risk at 10, 20, and 30 years is 
given in parentheses. Survival was 
estimated by the Kaplan-Meier method 

Table 5. Results from inulin and para-aminohippufic acid (PAH) clear- 
ance studies in 13 patients 

Sex Age (years) GFR a PAH b Filtration fraction 

M 87 64 247 c 26 a 
F 67 36 ~ 139 c 26 d 
M 76 55 c 231 c 24 d 
F 42 80 c 322 c 25 d 
F 40 87 458 19 
M 48 87 371 24 d 
M 62 85 379 22 
F 30 99 526 19 
F 57 76 336 c 23 d 
F 39 84 435 19 
F 38 115 527 22 
F 40 76 ~ 415 18 
F 53 77 308 ~ 25 d 

GFR, Glomerular filtration rate 
a Glomerular filtration rate (ml/min per 1.73 m 2) measured by inulin 
clearance 
b Effective renal plasma flow (ml/min per 1.73 m 2) measured by PAH 
clearance 
c Lower than expected 
d Higher than expected 

Discuss ion  

Children with URA are disadvantaged because they have 
decreased total renal mass from birth. Other congenital 
anomalies of  the urinary tract are present in 20% - 30% [ 15, 
16]. These patients are usually evaluated with abdominal 
ultrasonography, which often leads to the diagnosis of 
URA or other defects. There are few reports of  long-term 
outcome in patients with URA. Dees [17] evaluated 
33 patients with congenital solitary kidney and found that 
disease other than hypertrophy developed in two-thirds. Of  
these patients, 8 had hydronephrosis due to obstruction 
other than a stone, 6 had renal stones, and 5 had chronic 
pyelonephritis. However,  the length of follow-up was not 
reported. Emmanuel  et al. [18] reviewed 74 cases of  con- 
genital solitary kidney and found vesicoureteral reflux in 
11 patients, duplication anomalies in 3, and outlet obstruc- 
tion in 2. Eleven patients had imperforate anus, and 
2 patients had spina bifida. Patients were followed from 2 
to 10 years. Hydronephrosis was found in 21 patients, 19 
of whom needed corrective surgery. Six patients had renal 
stones and 8 patients had renal failure. 

Ashley and Mostofi [ 19] examined 232 autopsy cases of 
LIRA. Renal disease was the cause of death in 36 patients 
(16%). This included chronic pyelonephritis in 20 patients, 
glomerulonephritis in 11, and nephrosclerosis in 5. More 
than half of  these patients were older than 40 years at 
death. A significant proportion of these patients had other 
abnormalities of the remaining solitary kidney, including 
ectopic kidney, hydronephrosis, and ectopic ureter. 

Although these studies suggest a poor prognosis for 
patients with URA, they may be biased by the fact that 
these are hospital-based series that select for patients who 
present with renal disease. These studies also do not 
specifically address the risk of  renal deterioration in a 
solitary kidney that is otherwise normal at birth. Wikstad et 
al. [10] reported on the renal function of 15 patients with a 
diagnosis of  URA and 21 patients who had undergone 
unilateral nephrectomy in childhood. They did not separate 
patients with URA from those who had undergone 
nephrectomy. All patients had a normal solitary kidney 
by radiographic evaluation. These patients lived for 
7 - 4 0  years with a solitary kidney. Wikstad et al. [10] 
found that GFR slowly declined with age when compared 
with the GFR of age-matched patients with two kidneys 
and no renal disease. Longer follow-up (>26 years) re- 
vealed that 47 patients also had significant microal- 
buminuria that had increased progressively. 

More than 20 cases of segmental and focal glomerular 
sclerosis have been reported in patients with URA [3-8] .  
Our patients were not subjected to renal biopsies and, 
therefore, we cannot document the presence or absence of 
glomerulosclerosis. However, the filtration fraction was 
elevated in 7 (54%) of the 13 patients evaluated. This is an 
important finding because it may explain the pathway to 
glomerulosclerosis. A reduction in total renal mass induces 
hypertrophy of the remnant kidney tissue with an increase 
in renal plasma flow and GFR per nephron. The increases 
in single nephron GFR, renal blood flow, and particularly 
the increased capillary pressures ultimately may lead to 
additional glomerular injury, proteinuria, and glomerulo- 
sclerosis. 

Our study showed that patients with URA and a normal 
solitary kidney are at increased risk of  proteinuria, hyper- 
tension, and renal insufficiency. Proteinuria and hyperten- 
sion did not correlate with age, sex, age at diagnosis, or 
years at risk. However, there was a positive correlation 
between the likelihood of developing renal insufficiency 
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and years at risk. Patients with renal insufficiency had a 
mean of 72 years at risk compared with 56 years at risk for 
all patients. It is noteworthy that in addition to the 13% 
incidence of renal insufficiency among survivors, 4% of 
the patients had died of renal failure. Thus, our estimated 
rate of renal insufficiency (13%) was probably low. 

Survival of our patient population from the date of URA 
diagnosis was similar to expected survival adjusted for age, 
sex, and year of birth (Fig. 1). Our study is limited by the 
fact that only 38 (33%) patients had follow-up laboratory 
data. However, a comparison of the group with laboratory 
data and the group without laboratory data reveals few 
differences (Table 1). Another possible limitation of the 
study is that other.factors may be affecting the solitary 
kidney, such as incipient ureteropelvic junction obstruc- 
tion, intermittent reflux, or previous infections. A great 
effort was made to exclude any kidney with reflux, any 
degree of hydronephrosis, or parenchymal scars. Our cases 
were obtained from a computerized data base of patients 
treated at a tertiary medical center, and about 50% were 
diagnosed because of renal symptoms. It is possible that 
the prognosis of our study group is worse than what one 
would see if an unbiased cohort was observed from the 
date of birth. With the increased use of in utero ultrasono- 
graphy, such cohort studies should be possible in the fu- 
ture. 

Prolonged and careful follow-up should be part of the 
management of patients with URA, including those with an 
apparently normal solitary kidney. Follow-up examination 
should include an annual measurement of blood pressure 
and urinalysis. Periodic measurements of urinary protein 
excretion and serum creatinine concentration are also indi- 
cated. Excision of renal mass should be avoided if at all 
possible. It is uncertain if early restriction of dietary protein 
or pharmacological methods of lowering glomerular capil- 
lary pressure will help prevent glomerular injury [20, 21]. 

In conclusion, patients with a solitary kidney due to 
URA have an increased incidence of proteinuria, hyperten- 
sion, and renal insufficiency, even in the absence of struc- 
tural anomalies of the kidney. Therefore, it is essential to 
have prolonged and careful follow-up and to employ strate- 
gies that maximize renal function. 
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