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Wachs tumsverminderung  und Harnste ine  bei  e inem Kind mi t  langwgh-  
render aliment~irer S~iurebelastung, eine re trospekt ive  Betrachtung  

Summary: A n  i n f a n t  w i t h  p h e n y l k e t o n u r i a  u n i n t e n t i o n a l l y  r ece ived  a h igh ly  
ac id ic  low p h e n y l a l a n i n e  d ie t  for 29 m o n t h s .  T e m p o r a r y  g r o w t h  r e t a r d a t i o n  a n d  
u ro l i th ias i s  we re  obse rved ,  p r o b a b l y  as d i rec t  effects  of ch ron ic  acid loading.  Car ies  
at  t he  age of  6 years  m a y  be  a la te  c o n s e q u e n c e .  This  case  r e p o r t  s h o w s  t h a t  ch ron ic  
d i e t a ry  ac id  load  m a y  cause  ser ious  s ide  effects.  

Zusammenfassung: Ein Sfiugling mit Phenylketonm~ie erhielt unbeabsichtigt fiir 
insgesamt 29 Monate eine phenylalaninarme Difit mit hoher alimentfirer Sfiurelast. 
Eine vortibergehende Wachstumsretardierung und die Entwicklung yon Harnstei- 
nen diirften direkte Folgen, eine Karies im Alter yon 6 Jahren m6glieherweise eine 
langfristige Konsequenz der chronischen Sfiurebelastung gewesen sein. Das Bet- 
spiel dieser Krankengeschichte zeigt, dag eine cl~onische alimentfire Sfiurebela- 
stung ernsthafte klinische Folgen haben kann. 
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Introduct ion  

In children and adults, intake and metabolism of a regular mixed 
European diet results in a surplus of protons, which must be excreted by 
the kidney (13). In infants and children with normal renal function acute 
and chronic maximum renal net acid excretion capacity is usually much 
higher than renal acid load resulting from nutrition and metabolism. 
However, maximum renal acid stimulation due to chronic dietary acid 
load was observed in prematures and newborns fed infant formulas (9), in 
infants and children with parenteral nutrition (5), and in infants and 
children with phenylketonuria receiving special amounts of low 
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p b e n y l a l a n i n e  p r e p a r a t i o n s  (2, 12). I n  one  p a t i e n t  of  t h e  l a t t e r  g roup ,  w h o  
u n i n t e n t i o n a l l y  r e c e i v e d  t w o  h i g h l y  a c i d i c  l o w  p h e n y l a l a n i n e  p r e p a r a -  
t ions  for  29 m o n t h s ,  g r o w t h  r e t a r d a t i o n  a n d  u r o l i t h i a s i s  w e r e  o b s e r v e d ,  
p r o b a b l y  as a c o n s e q u e n c e  o f  a m a r g i n a l l y  t o l e r a t e d  c h r o n i c  d i e t a r y  a c i d  
load .  

C a s e  r e p o r t  

T h e  s u b j e c t ,  a gir l ,  was  b o r n  in  A u g u s t  1968. B i r t h  w e i g h t  was  3.3 kg ,  
l e n g t h  52 cm.  T h e  f a the r  (182 cm) h a d  h y p e r u r i c e m i a  w i t h  t w o  e p i s o d e s  o f  
u ro l i t h i a s i s .  T h e  m o t h e r  (160 cm) was  h e a l t h y .  S c r e e n i n g  on  t h e  4th  d a y  o f  
l ife l e d  to t h e  d i a g n o s i s  o f  c l a s s i ca l  p h e n y l k e t o n u r i a .  D i e t a r y  t r e a t m e n t  
w i t h  t h e  u n i n t e n t i o n a l l y  h i g h l y  ac id i c  l o w  p h e n y l a l a n i n e  p r e p a r a t i o n  A 
(12), a h y d r o l y s a t e  o f  b o v i n e  s e r u m  ( A l b u m a i d - X P  P, S c i e n t i f i c  H o s p i t a l  
S u p p l . ,  L i v e r p o o l ,  E n g l a n d )  was  s t a r t e d  in  t h e  t h i r d  w e e k  (Tab le  1). F e e d -  
i ng  w a s  d i f f icu l t ,  e.g., v o m i t i n g  w a s  c o m m o n .  G r o w t h  was  i n s u f f i c i e n t  
(Fig.  1) (15). A t  t h e  age  o f  13 m o n t h s  p h y s i o t h e r a p y  was  s t a r t e d  b e c a u s e  of  
p s y c h o m o t o r i e  r e t a r d a t i o n .  A t  t h e  age  o f  17 m o n t h s  t h e  gi r l  r e c e i v e d  t h e  
l o w  p h e n y l a l a n i n e  a m i n o  a c i d  m i x t u r e  B ( P - A M  R, D e u t s c h e  M a i z e n a  
W e r k e ,  H a m b u r g ,  FRG) ,  w h i c h  l a t e r  was  a lso  s h o w n  to r e s u l t  in  a h i g h  
r e n a l  a c id  l o a d  ( T a b l e 2 )  (11). V o m i t i n g  s t o p p e d .  H o w e v e r ,  f e e d i n g  
r e m a i n e d  d i f f icu l t .  

M a c r o h e m a t u r i a  w a s  f i r s t  o b s e r v e d  at  t h e  age  o f  23 m o n t h s .  X - r a y s  
s h o w e d  b i l a t e r a l  n e p h r o l i t h i a s i s .  I n  s e r u m ,  c r e a t i n i n e  (84 ~mol/1), u r i c  a c i d  

Table 1. Estimation of renal net acid excretion in a child with phenylketonuria  
(body weight 10kg, body surface area 0.45m ~) receiving the low phenylalanine 
preparat ion A and supplemental  food in 1971. 

Intake Absorption retention 
urine 

Prepa- Supple- 
ration mental  
C food 

Total 

Chloride mmol/d 94 
Phosphorus  1.8 x mmo]/d 20 
Sulfur 2 x mmol/d 30 
Organic acids meq/d 

Sum of nonraetabolizable 
anions mmol/d 

Sodium mmol/d 40 
Potassium mmol/d 19 
Calcium 2 x mmo]Jd 36 
Magnesium 2 x mmol/d 5 

Sum of nonmetabolizable 
cations mmol/d 

Renal net acid 
excretion mmol/d 

24 119 119 3* 116 
8 28 18 4 14 
1 31 23 0 23 

9 

162 

25 65 65 2* 63 
17 36 32 2* 30 
4 40 12 7 5 
4 9 2 0 2 

100 

62 

* including dermal loss (10) 
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Fig. 1. Growth and clinical signs in a patient with phenylketonuria fed two highly 
acidic low phenylalanine preparations and one normal low phenylalanine prepara- 
tion. 

(178 ~molfl), and sodium (136 mmol/l) levels were normal, but chloride was 
elevated (i 16 retool/l). Blood phenylalanine levels usually ranged between 
60 and 240 ~mol/l. Blood acid base status was not determined. In urine, 
hypercalciuria (max. 0.31 mmoUkg/d, normal: < 0.15 mmol/kg/d) and nor- 

Table 2. Estimation of renal net acid excretion in a child with phenylketonm'ia 
(body weight 10kg, body surface area 0.45m 2) receiving the low phenylalanine 
preparation B and supplemental food in 1971. 

Intake Absorption retention 
urine 

Prepa- Supple- 
ration mental 
C food 

Total 

Chlor ide  m m o l / d  31 
P h o s p h o r u s  1.8 x mmol /d  41 
Sulfur  2 x mmol /d  30 
Organic acids m e q / d  

S u m  of  nonmetabo l i zab le  
an ions  mmol /d  

S o d i u m  mmol /d  0 
P o t a s s i u m  mmol /d  0 
Calc ium 2 x mmol /d  46 
M a g n e s i u m  2 x mmol /d  1 

S u m  of  nonmetabo l i zabIe  
cat ions  mmol /d  

Renal  ne t  acid 
exc re t ion  mmolYd 

24 55 55 3* 52 
8 49 29 4 25 
1 31 23 0 23 

9 

109 

25 25 25 2* 23 
17 17 15 2* 13 
4 50 13 7 6 
4 5 0 0 O 

42 

67 

* inc lud ing  de rma l  loss (10) 
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Table 3. Estimation of renal net acid excretion in a child with phenylketonuria 
(body weight 10kg, body surface area 0.45m 2) receiving the low phenylalanine 
preparation C and supplemental food. 

Intake Absorption retention 
urine 

Prepa- Supple- 
ration mental 
C food 

Total 

Chlor ide  mmol /d  18 24 42 42 3* 39 
P h o s p h o r u s  t.8 x mmob 'd  29 8 37 22 4 18 
Sulfur  2 x mmol /d  18 ] 19 14 0 14 
Organic acids meq /d  9 

S u m  of  nonmetabo l i zab le  
an ions  mmol /d  80 

Sod ium mmol /d  47 25 72 72 2* 70 
P o t a s s i u m  mmol /d  18 17 35 31 2* 29 
Calc ium 2 x mmo]/d  26 4 30 11 7 4 
Magnesium 2 x mmol/d 5 4 9 2 0 2 

Sum of nonmetabolizable 
cations mmol/d 105 

Renal net acid 
excre t ion  mmol /d  -25 

* including dermal loss (i0) 

mal renal excretion of uric acid (595 ~mol/d, normal: 790 + 80 ~mo]Jd), 
oxalic acid (I16 ~mol/d, normal: 126_+ 15 ~tmol/d), and the amino acids 
were observed (I). The excess of chloride in relation to the sum of sodium 
and potassium in urine was 3.6 mmol/kg/d. Creatinine clearance ranged 
between 32 and 55 ml/min/l.73 m 2. 

At the age of 29 months, x-rays showed enlargement of the calculi. 
Pyelolithomy was done on the right side. The calculus was composed of 
urate (46%, 2.7retool/g), oxalate (18%, 2.0retool/g), calcium (15%, 
3.8 mmol/g), phosphate (12 %, 1.3 mmol/g), and ammonium (4 %, 2.2 mmol/ 
g). Due to constant low urine pH of 5.1-5.3 an alkali therapy was started. 
Surprisingly, 6 mrnol/kg/d were necessary to increase urine pH to the 
range 6.4-7.0. 

Finally, at the age of 54 months the association of the acid diet and the 
high renal acid load was perceived (12). Therefore, alkali therapy was 
stopped and a low phenylalanine casein hydrolysate C (Aponti PKU, 
Aponti GmbH, K6ln, FRG) known to result in high urine pH values was 
given (Table 3); urine pH was above 6.4. The size of the calculus on the left 
side remained unchanged. Nevertheless, eventually" colic ureterlithotomy 
was done at the age of 6 years. Severe dental caries were present. Up to 
menarche at the age of 12 years serum parathormone concentrations and 
urinary calcium excretion were repeatedly slightly elevated. 

Final height was 159.5 cm (-0.47 SD) (15). At the age of 17 years the 
patient had an incidence of bulimia. Her intelligence quotient was 77 %. 
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She still consumed a low phenylalanine preparation. The serum concen- 
trations of creatinine (71 ~tmol/]), uric acid (226 Fmol/l), calcium, phos- 
phorus, and parathormone, as well as the blood acid-base status were 
normal. Creatinine clearance ranged between 66 and 91 ml/min/l.73 m 2. 
Urinary calcium excretion was 0.05 mmol/kg/d. 

Est imat ion  of  renal net  acid excret ion  

Renal net acid excretion corresponding to the sum of titratable acidity 
plus ammonium minus bicarbonate was estimated according to our 
theoretical model (8, 12) in a child with phenylketoniuria, body weight of 
I0 kg, and body surface area of 0.45 m 2 (Tables 1, 2, 3). 

According to the ionogram of the urine, renal net acid excretion corre- 
sponds to the difference of the main anions (chloride, phosphate, sulfate, 
organic acids) and the main cations (sodium, potassium, calcium, phos- 
phorus). Urinary excretion of all ions except organic acids was estimated 
on the basis of the intake, intestinal absorption, retention, and metabolism 
data. Intestinal absorption was assumed to be I00 % of the intake for 
sodium and chloride, 90 % for potassium, and 75 % for organic sulfur (16). 
Intestinal absorption of calcium, magnesium, and phosphorus was calcu- 
lated according to the following formLdas: calcium absorption = 0.093 × 
calcium intake + 4.33 in mmol (7); magnesium absorption = 0.39 x 
magnesium intake - 0.95 in retool; phosphorus absorption = 0.523 x 
phosphorus intake + 1.61 in mmol (7). Retention including dermal loss of 
sodium, potassium, and chloride in a child aged 12 to 24 months was 
assumed to be 2 retool/d, 2 mmol/d and 2.4 retool/d, respectively (3). Cal- 
cium retention was estimated to be 3.5 retool/d, phosphorus 2.3 retool/d, 
and magnesium 0.12 mmol/d (3). About 100 % of the absorbed organic 
sulfur is oxidized to sulfate and excreted in the urine. Organic acid 
excretion in urine is about 36 meq/d/l.73 m 2 (13). 

Discuss ion  

This case repor t  shows that,  in infants  and  chi ldren,  long- te rm use of  
h igh ly  acidic  d ie ts  m a y  cause  ser ious  side-effects.  In  our  pat ient ,  g rowth  
re t a rda t ion  and uro] i thiasis  were  observed,  p r o b a b l y  as d i rec t  effects of 
chronic  d ie ta ry  ac id  load. Caries  m a y  be  a late  consequence .  We do not  
be l ieve  there  has been  any case repor t  abou t  a chi ld  wi th  no rma l  renal  
funct ion,  who s tayed,  f rom the  age of  3 weeks  and  for a pe r iod  of more  
than  2 years  in a bo rde r l ine  s i tua t ion  of acid  base  m e t a b o l i s m  due  to a h igh  
renal acid load of dietary origin. 

Die tary  t r e a t m e n t  

The two h igh ly  acidic,  low pheny la t an ine  fo rmulas  A and  B were  used  
for several  years  up  to 1973 (12). In  a p rospec t ive  s tudy  of 22 ch i ld ren  wi th  
phenylketonuria, who all started with the highly acidic low phenylalanine 
formula B at an age of more than 1 year, linear growth (12), weight gain, 
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and serum values of calcium, phosphorus ,  and alkaline phosphatase  were 
normal  in the presence of mild metabolic acidosis and low values of serum 
potass ium and urine pH (2, 12). 

The two highly acidic low phenylalanine formulas A and B were also 
given to some infants. These infants were not included in the prospective 
study (2). In some of them, introduction of the highly acidic preparations 
resulted in refusal to eat, vomiting, weight loss, and pronounced metabolic 
acidosis (2, 12). The patient reported on here was neither in such a stage of 
well-compensated metabolic acidosis as was our group of children of the 
prospective study, nor did she deteriorate to decompensated metabolic 
acidosis, as did some of our infants; she showed either nonspecific clinical 
signs like vomiting and decreased weight gain, or exceptional findings 
like urolithiasis. Therefore, the patient reached the age of 54 months 
before we first suspected that her clinical findings might had been the 
result of a long-term borderline situation of acid base metabolism. 

A c i d  base m e t a b o B s m  

Unfortunately,  blood acid base status was not  determined before the 
start of alkali therapy at the age of 30 months  in our patient. There are, 
however,  several indirect a rguments  point ing to a severe renal acid load in 
our patient. The serum levels of  chloride of 116 mmol/1 ancl sodium of 
136 mmol/1 are indicative of hyperchloremic  metabolic acidosis. In chil- 
dren on a regular diet the ur inary excretion of sodium and potass ium 
usually is I mmol/kg/d above urinary excret ion of chloride (13). An excess 
of  urinary excret ion of chloride of  3.6 mmol/kg/d is a typical f inding of acid 
loading with a m m o n i u m  (14) or arginine chloride. In children, renal net 
acid excretion is about  1 mmol/kg/d (13). In the patient an oral alkali 
therapy of 4.5 mmo]/kg/d did not increase ur inary pH above 5.8. Finally, 
6 mmol/kg/d were necessary to increase urine pH to the range of  6.4 to 7.0. 

A cross~sectional s tudy in 50 patients with phenylketonur ia  receiving 
the low phenylalanine preparations A and B, balance studies in three 
patients and theoretical calculations documen ted  the high renal acid load 
in nutri t ion with these two preparations (12). With intake of  preparat ion A 
the high renal acid load was primarily caused by a very high content  of 
chloride (Table 1). In addition, there was a high intake of organic sulfur 
resulting from both  a high protein intake and a high ratio of sulfur intake 
to protein intake of 0.54 mM/g (normal diet 0.25 mM/g) (12). 

With intake of preparat ion B the high renal acid load was the result of an 
excess of chloride intake, as well as an unusually high intake of phos- 
phorus and organic sulfur (Table 2). We therefore assume that, in the case 
presented here, the chronic renal acid load was about 7 mmol/kg/d or 
280 mmol/d/l.73 m 2. This dosage corresponds to the normal dosage of 
260 mmol/l.73 m 2 used in acute acid loading tests in children, and is higher 
than the acute maximum renal net acid excretion of 181 mmol/d/l.73 m 2 in 
children (4). All these data point to a high renal acid load over a long period 
in our patient. In addition, the long-term steady-state of acid base metabo~ 
lism, even if we assume a borderline situation with chronic metabolic 
acidosis, indicates no major impairment of renal handling of hydrogen 
ions in our patient. 
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G r o w t h  retardat ion 

In the  p re sen ted  case the first per iod of l inear  g rowth  re tardat ion  
re sembles  the  clinical course  of  p r e m a t u r e s  and  t e rm  neona tes  wi th  late 
metabol ic  acidosis (8, 9). La te  metabol ic  acidosis  is caused  by  a t e m p o r a r y  
d i spropor t ion  be tween  daily acid load and  renal  capaci ty  for hydrogen  ion 
excre t ion  (9). Three  stages m a y  be dis t inguished:  the stage of  d e v e l o p m e n t  
of  acute  m a x i m u m  renal  acid s t imulat ion,  the  stage of  c o m p e n s a t e d  
negat ive  acid ba lance  with  chronic  m a x i m u m  renal  acid s t imulat ion,  and  
the  stage of  d e c o m p e n s a t e d  re tent ion acidosis.  Growth  re ta rda t ion  and  
indolent  dr inking  are typical  f indings of  the stage of c o m p e n s a t e d  nega- 
t ive acid ba lance  wi th  chronic  m a x i m u m  renal  acid s t imula t ion  (8, 9). La te  
metabol ic  acidosis  is a self-l imited disorder  in the  first week  of life due to 
the  rapid  pos tna ta l  i m p r o v e m e n t  of  k idney  function.  In  the  first g roup  of 
pat ients  of  Ki ldeberg  (9), m e a n  bir th weigh t  was 2.0 _+ 0.3 kg (n = 12) and  
m e a n  m a x i m u m  renal  net  acid excre t ion  was 3.4 mmol /kg /d  (n = 2). The  
pa t ien t  p resen ted  here  was  p robab ly  in a comparab l e  stage of compen-  
sated negat ive  acid ba lance  with chronic  m a x i m u m  renal  acid s t imulat ion.  
Of course,  she was m u c h  older than  the  pat ients  wi th  late metabol ic  
acidosis of  Ki ldeberg  (9), however ,  the daily acid load also was consider-  
ably higher. After a period of catch-up growth, there was a second period 
of growth retardation. In this period vomiting and refusal to eat was 
frequently observed like in several of our other children receiving the 
highly acidic preparations. Thus, the side-effects of acid base metabolism 
and the unpleasant taste of the preparations might have secondarily 
resulted in failing appetite, caloric malnutrition, and high urinary osmola- 
lity. In prernatures it is well known that the combination of acid loading 
and administration of pitressin considerably decreases maximum renal 
capacity for hydrogen ion excretion (ii). Thus, acid base metabolism 
might had been deteriorated further by dehydration. Nevertheless, this 
period ended with a remarkable spontaneous growth spurt that nor- 
malized linear growth already before the start of alkali therapy. High fluid 
intake, a therapeutic measure after the discovery of urolithiasis, might 
have been the factor that increased maximum renal capacity for proton 
excretion and induced catch-up growth. The swings between growth 
retardation and catch-up growth may best be explained by one principal 
factor, the metabolic acidosis and several modulating factors, such as 
decreased energy intake and varying maximum renal capacity for net acid 
excretion due to different amounts of fluid intake. 

Urolithiasis 

Severa l  factors were  involved in the d e v e l o p m e n t  of  urolithiasis: low 
ur ine  p H  and high ur inary  a m m o n i u m  concent ra t ion  due  to m a x i m u m  
renal  acid s t imulat ion,  hyperca lc iur ia  due to metabol ic  acidosis  and,  prob-  
ably, h igh  ur inary  osmolal i ty  because  of vomi t ing  and dehydrat ion,  as well 
as t rans ient  hyperu r i cosur i a  dur ing  per iods  of  decreased  caloric in take  
(14). Chronic  renal  acid s t imula t ion  was p robab ly  the p r imary  factor  as 
there  was  no fur ther  g rowth  of the remain ing  calculus dur ing  alkali  
therapy.  The  calculus consis ted  of a m m o n i u m  urate  and ca lc ium oxalate,  
a typical  f inding in chi ldren wi th  endemic  uroli thiasis  (10, 14). 
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In the 19th century, endemic urolithiasis was very common in European 
children (i0). Today, calculi of uric acid are extremely rare in children 
from this region. Endemic urolithiasis is usually attributed to inadequate 
nutrition (I0, 14). This is a very global concept. Our observation may stress 
one pathogenic factor, the long-term low urine pH. Recently, uric acid 
urolithiasis was also observed in children with seizures not controlled by 
standard anticonvulsive medication (6). The patients received a ketogenic 
diet consisting, after an initial period of fasting, of 80 % fat and 20 % 
protein and carbohydrates, as well as a restricted fluid intake. They also 
showed low urine pH and high urinary osmolality. 

After effects of long-term acid loading 

Hypercalciuria (> 0.15 mmol/kg/d) and slightly elevated serum levels of 
parathormone were still repeatedly observed after the correction of acid 
base metabolism. Therefore, the possibility of tertiary hyperparathyroid- 
ism as a long-term consequence of longlasting metabolic acidosis was 
evaluated. However, after puberty normal calciuria and normal serum 
parathormone levels were observed. Furthermore, in 1982, a cross-sec- 
tional study in 17 of our patients with phenylketonuria (age 12.3 + 1.4 
years), who all received the highly acidic, low pheylalanine preparations 
before 1973, showed normal calciuria and normal serum parathormone 
levels. Severe caries at the age of 6 years and possibly bulimia at the age of 
17 years may be late effects of decreased dental mineralization and 
psYchological stress during feeding in the first years of life. 

Conc lus ions  

In natural foods the range and interrelationship of the content of protein 
and minerals are limited. Therefore, in children and adults receiving 
normal foods, renal acid load is much lower than maximum renal acidifi- 
cation capacity. In synthetic diets and parenteral nutrition, high contents 
of the sulphur containing amino acids, as well as an unbalanced content of 
the major minerals may result in a very high renal acid load rising above 
acute or even chronic maximum renal net acid excretion capacity (5, 12). 

In several European countries licorice products with 8-10 % ammonium 
chloride (150-187 retool/100 g) are freely offered to the public. In children 
regular consumption of high amounts of this highly acidic confectionary 
may cause similar side-effects if additional individual risk factors are 
present. Therefore, highly acidic dietary products should be avoided in 
dietetics and not be offered to the public without constraints. 
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