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mined by reassessment of symptoms after a course of ther- 

apy for H. pylori infection. 
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Four patients with severe pseudohypoaldosteronism caused by multiple end- 
organ resistance to aldosterone had frequently recurring lower respiratory tract 
infections and persistently e levated sweat and saliva electrolyte values. The in- 
creased saliva electrolyte values in these patients probably affect normal mu- 
cociliary function in the respiratory tract and facilitate the occurrence of 
frequent lower respiratory tract involvement. Patients with pseudohypoaldos- 
teronism may require treatment similar to that for cystic fibrosis to prevent long- 
term respiratory complications. (J PEDIATR '1994;125:752-5) 

Type I pseudohypoaldosteronism is a hereditary salt-wast- 

ing disease that  includes two distinct entities with different 

modes of inheri tance)  The classic form stems from an iso- 

lated target organ defect with diminished renal tubular re- 

sponsiveness to aldosterone and is inherited as an autosomal 

- dominan t trait; sweat and saliva electrolyte values are nor- 
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mal. 1 In contrast, the more severe form of P H A  is charac- 

terized by multiple target organ resistance to aldosterone 

and is inherited as an autosomal recessive trait; these 

patients have signs and symptoms of severe salt loss that 

may even lead to death as a result of excessive loss of elec- 

trolytes from sweat, salivary glands, colon mucosa, and the 

distal renal tubule. 1 

Long-term observations of four of our patients with the 

severe form of P H A  showed that they have frequent lower 

respiratory tract infections. The analyses presented in this 

article reveal a condition that  mimicks cystic fibrosis in 

these patients. Although CF and P H A  differ in pathophys- 

iology and outcome, the similarities in the courses of these 

two genetic entities suggest a linkage between increased 



The Journal of Pediatrics Hanukoglu et al. 7 5 3 
Volume 125, Number 5, Part 1 

salivary sodium chloride concentrat ions and susceptibility 

to f requent  lower respiratory t rac t  involvement  and infec- 

tions. 

M E T H O D S  

The diagnosis of P H A  with mult iple target  organ resis- 

tance to aldosterone was established in all our patients  ac- 

cording to the following criteria: (1) severe sal t-wasting ep- 

isodes (vomiting, dehydrat ion,  shock) s tar t ing in early 

infancy, which were associated with hyponatremia,  hyper- 

kalemia,  acidosis, markedly  increased plasma aldosterone 

concentrat ions,  and hyperreninemia;  (2) increased ur inary  

sodium concentrat ion and sod ium/potass ium ratio, with 

increased salivary and sweat electrolyte concentrat ions;  (3) 

normal  renal  and adrenal  function test  results af ter  correc- 

tion of dehydrat ion,  including normal  findings on renal  ul- 

t rasonography and intravenous pyelography and normal  

serum 17 c~-hydroxy-progesterone levels; and (4) parenta l  

consanguini ty  and  normal  plasma aldosterone and renin 

activity in the parents.  

Sweat  was collected by pilocarpine iontophoresis f rom 

CF Cystic fibrosis 
FVC Forced vital capacity 
FEV1 Forced expiratory volume, in 1 second 
PHA Pseudohypoaldosteronism 

the forearm, and saliva was collected from the sublingual  

region. In infants,  sweat and saliva chloride concentrat ions 

were measured  with a CF analyzer  (Advanced Ins t ruments ,  

N e e d h a m  Heights,  Mass.),  which requires small  amounts  of 

sweat and saliva. Beyond infancy, sweat and saliva electro- 

lytes were analyzed by means of a Mona r ch  2000 automat ic  

analyzer  (Corometr ics  Medical  Systems, Inc., Wall ingford,  

Conn.)  with ion-selective electrodes for sodium, potassium, 

and chloride. 

CASE R E P O R T S  
Patient 1. A 9-day-old girl was seen because of failure to thrive. 

The pregnancy, labor, and delivery were uneventful; her birth 
weight was 3 kg. The genetic and endocrine evaluation of this pa- 
t ient was reported previously. 1 There was no family history of 
chronic lung disease. 

On admission the patient was severely dehydrated and weighed 
2.6 kg. The laboratory evaluation revealed marked hyponatremia 
and hyperkalemia (Table I). Because of resistance to aldosterone, 
the Patient's condition was stabilized only by intravenous admin- 
istration of high amounts of sodium chloride (5 gm/day). She re- 
mained dependent on high amounts of sodium chloride throughout 
hospitalization, which lasted 4 months. During hospitalization she 
had two episodes of pulmonary disease. At the age of 1 month she 
had severe dyspnea, cyanosis, high fever, tachypnea (90/min), and 
severe intercostal retractions. Crackles over both lungs were heard. 
An x-ray study of the chest showed nonhomogeneous left lower lobe 
infiltrate. The patient was treated with oxygen and antibiotics. Her 
condition improved slowly. The second episode occurred at 3 
months of age and was characterized by persistent cough and ex- 
piratory wheezing, which lasted about 1 week. 

Since the age of 4 months, in addition to recurrent salt-wasting 
episodes requiring frequent hospitalizations (about six a year), es- 
pecially during hot summer weather, the patient had frequent pul- 
monary infections characterized by cough associated with tachyp- 
nea, high fever, and crackles or wheezing on auscultation. These 
symptoms usually were not severe, and they usually did not require 
hospitalization. Sometimes the crackles persisted off and on for 
several months, with only minimal cough and low-grade fever or no 
other symptoms. Today, at 8 years of age, the patient still has fre- 
quent episodes of cough associated with wheezes or crackles and 
high fever, even though a high-salt diet (14 gin/day) has prevented 
severe salt-losing crises for the last 6 years. 

The sweat and saliva electrolyte determinations (more than 10 
determinations in an 8-year period) repeatedly showed markedly 
increased values (Table II). During the respiratory events and in- 
fections, throat and blood cultures did not grow any pathogenic 
bacteria. Pulmonary function tests at the age of 8 years, when the 
patient was free of symptoms, revealed normal flows and volumes 
(FEV1 = 91% of the predicted value, FEV1/FVC = 99%, maximal 
expiratory flow at 50% of vital capacity = 124% of the predicted 
value, FVC = 91% of the predicted value). 

Patient 2, The patient, a girl, was the product of a consanguin- 
eous marriage. Pregnancy and delivery were uncomplicated, and 
she was born at term; birth weight was 3.5 kg. The parents and six 
siblings were all healthy. The patient was first admitted at the age 
of 10 days because of severe salt wasting (Table I) and remained 
hospitalized for almost a year. Subsequently she was hospitalized 
nearly 100 times for either salt-losing crises or respiratory events 
and infections. She was last admitted at the age of 8 years 3 months 
because of severe respiratory distress associated with severe 
hyponatremia (128 mmol/L) and acidosis (bicarbonate, 12 mmol/ 
L). An x-ray study of the chest showed a left lower lobe infiltrate. 
The patient's condition improved after therapy with oxygen, anti- 
biotics, and saline solution. A month later a roentgenogram of the 
chest was normal, although crackles over both lungs were heard off 
and on during 6 months of follow-up. Occasionally crackles disap- 
peared immediately after vigorous chest physical therapy and pos- 
turai drainage without antimicrobiai therapy. 

Sweat and saliva electrolyte determinations (seven and four oc- 
casions, respectively) during a 6-month period revealed markedly 
elevated sodium and chloride values (Table II). During the respi- 
ratory events no bacterial pathogens were isolated from blood or 
from the oropharynx. The results of pulmonary function tests per- 
formed when the patient was free of symptoms were also within 
normal limits. 

Patients 3 and 4. The patients were twin boys in whom PHA was 
diagnosed at the age of 5 days (Table I). The parents and two 
healthy siblings had no history of respiratory tract infections or al- 
lergy. The infants had their first pulmonary infections at 4 months 
of age. Twin 1 (patient 3) had clinical and roentgenographic evi- 
denee of bilateral bronchopneumonia necessitating the adminis- 
tration of 02 and antibiotics. In twin 2 (patient 4) the first episode 
was characterized by wheezy bronchitis. Since then, the patients 
have had repeated episodes of lower respiratory tract infections, 
associated with high fever, and respiratory distress that required 
hospitalization and oxygen therapy. The sweat and saIiva electro- 
lyte values have been persistently high (Table [I). 

D I S C U S S I O N  

These four pat ients  with a severe form of P H A  have sev- 

eral character is t ics  tha t  mimic CF, including increased 
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Table I. Biochemical data of four patients with PHA at first admission 

Serum Na + Serum g + Aldosterone PRA 
Patient No. Sex (mmol/L)  (mmol/L)  (pmol/L)  (ng/[L. sec]) 

1 F 125 10.0 39,600 41.7 
2 F 116 12.3 53,100 5.8 
3 (twin 1) M 116 9.2 128,000 308.0 
4(twin 2) M 118 8.8 69,700 47.0 
Normal* - -  136-146 3.5-4.8 <3,050 <2.8 

Urinary Na + concentrations >50 mmol/L and urinary Na/K ratio >10 in all patients. 
PRA, Plasma renin activity. 
*Normal values for aldostcrone and PRA in infants 1 week to 3 months of age. 

Table II. Sweat and saliva electrolyte concentrations in four patients with PHA with multiple end-organ resistance to 

aldosterone 

Saliva Na + Saliva e l -  Sweat Na + Sweat C l -  
Patient No. Age  (yr) (mmol/L)  (mmol/L)  (retool/L) (mmol/L)  

1 8 145-175 124-162 137-202 117-182 
2 8.5 140-167 128-139 70-206 70-143 
3 4 138 80-135 150 70-150 
4 4 146 >100-140 112-125 120 

Normal values <40 <40 <60 <60 

Serum immunoglobulin concentrations were normal in all patients. 

sweat electrolyte values and recurrent lower respiratory 

tract infections starting in early infancy. Sometimes the 
pulmonary involvement was severe and necessitated hospi- 
talization and vigorous therapy. The severe pulmonary in- 
fections were usually associated with episodes of salt loss, 
including severe dehydration and hyponatremia, especially 
until the age of 2 to 4 years. In the ensuing years the patients 
frequently had only persistent cough associated with crack- 
les or wheezes, even in the absence of salt-losing episodes, 
and pulmonary involvement was usually mild to moderate. 

The pathophysiologic abnormalities in CF include al- 
tered ionic composition of the mucus secreted by various 
organs;2, 3 increased concentrations of chloride in the air- 
way, 4 nasal mucosa, 5 and saliva 2, 6-8; and failure to clear 

mucous secretions. 2, 3 Changes in the ionic composition of 
the salivary 3 and respiratory tract 9 Secretions may compro- 

mise normal mucociliary function in the respiratory tract. 
Similarly, the increased saliva electrolyte concentrations in 
patients with severe PHA may have an effect on normal 
mucociliary function, leading to frequent lower respiratory 

tract infections. 
The underlying abnormality of respiratory epithelial cells 

in CF is well delineated) ~ 11 The increased sweat and sa- 
liva electrolyte concentrations in PHA may also reflect an 
underlying epithelial disorder. However, the severe form of 
PHA probably does not stem from a defective response of 
respiratory cells to aldosterone. In vitro experiments have 
demonstrated that aldosterone does not affect baseline bio- 

electric properties of distal lung epithelium in fetal rats 12 or 
tracheal sodium transport in rabbits. 13 Aldosterone also 

does not affect potential difference of nasal respiratory ep- 
ithelium in normal subjects. 14 Aldosterone does have a 
small effect on tracheal epithelial sodium transport in dogs, 
but only at high doses. 15 

Episodes of dehydration in these patients may be an ad- 
ditional factor affecting mucus and mucociliary function in 
the respiratory tract. 3 However, the lower respiratory tract 
involvement was observed even in the absence of severe de- 

h ydration (especially in patients past the age of 2 to 4 
years), so dehydration could not be the sole factor respon- 

sible for the respiratory tract disease. These findings suggest 
that recurrent respiratory infections in our patients are sec- 
ondary to both significantly altered composition of saliva 
and recurrent bouts of dehydration. However, the existence 
of a primary defect in the respiratory tract cannot be ruled 

out. 
Frequent acute respiratory tract infections, including re- 

current pneumonias, have been noted in three additional 
patients with multiple end-organ resistance to aldoster- 
one, t6, 17 although no explanation was given for such an oc- 
currence. On the basis of our findings in four patients with 
severe PHA, we suggest that lower respiratory tract in- 
volvement should be considered a significant characteristic 
of this disease. These patients may require appropriate 
treatment, similar to that for CF, to prevent long-term res- 
piratory complications. 
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At 8 months of age, before clinical neurologic deterioration, the younger of two 
sisters with metachromatic leukodystrophy received a transplant of bone mar- 
row from her haploidentical, heterozygote mother. Compared with the course 
in the older, affected, untreated sibling, the onset of neurologic regression was 
delayed 1 year and progressed at a slower rate. (d PEDIATR 1994;125:755-8) 
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Metachromatic  leukodystrophy is an autosomal recessive 

inherited metabolic storage disorder of sphingolipid me- 

tabolism. Its estimated frequency, 1 in 40,000,1 makes it one 

of the more common lysosomal storage diseases. In its most 

common (late-infantile) form, regression manifested by in- 

coordination and by gait disturbances first appears between 


