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SUMMARY
Introduction Pseudo-Bartter syndrome (PBS) is characterized by hyponatremic, hypochloremic metabolic 
alkalosis that mimics Bartter syndrome but with no pathology in the renal tubules. We present five 
patients with cystic fibrosis (CF) and PBS.
Cases Outline Four children aged between three and five-and-one-half months with previously 
diagnosed CF and one aged 17 months with previously undiagnosed disease, were hospitalized during 
the summer season, with severe dehydration, oliguria, apathy and adynamia. Additionally, one of them 
had an ileostomy due to meconium ileus after birth. All children were on a diet without additional salt 
intake. Laboratory analysis on admission showed hyponatremia (115–133 mmol/L, mean 122.4 mmol/L), 
high plasma renin activity (229–500 pg/ml, mean 324 pg/ml) and metabolic alkalosis (pH 7.5–7.6, mean 
7.56) in all the patients, and in four of them high blood level of aldosterone (74–560 pg/ml, mean 295.9 
pg/ml), hypokalemia (2.3–2.8 mmol/L, mean 2.6 mmol/L), hypochloremia (59–71 mmol/L, mean 66 
mmol/L) and low urinary sodium (5–12 mmol/L, mean 9 mmol/L). After intravenous rehydration followed 
by additional use of sodium and chloride in mean dosis of 1.78 mmol/kg per day, all the patients made 
a complete recovery. With advice for additional use of salt in the mentioned amount, the patients were 
discharged from the hospital.
Conclusion PBS is one of CF complications, especially in infants and young children in situations 
accompanied by increased sweating and/or other causes of additional loss of sodium and chlorine. 
Sometimes, as was the case with one of our patients, PBS may be the initial presentation form of the 
disease.
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INTRODUCTION

Cystic fibrosis (CF) is a disease of exocrine 
gland dysfunction caused by genetic mutation 
on chromosome 7, which results in abnor-
malities in the production and/or function of 
protein called cystic fibrosis transmembrane 
conductance regulator (CFTR) that acts as a 
chloride channel and regulator of epithelial 
chloride and bicarbonate transport [1, 2]. The 
widespread presence of CFTR throughout the 
body leads to multisystem involvement [1, 2]. 
Although it primarily affects the respiratory 
and gastrointestinal tracts, it can also involve 
other organs [1, 2]. It may also cause electrolyte 
and acid base disturbances, especially in coun-
tries with warm climate during hot summer 
months. However, the rare episode of dehydra-
tion, metabolic alkalosis and hypochloremia in 
CF patients is presented as pseudo-Bartter syn-
drome (PBS) [3, 4].

PBS is characterized by hyponatremic, hy-
pochloremic metabolic alkalosis that mimics 
Bartter syndrome but with no pathology in the 
renal tubules [5]. Sometimes PBS may be the 
first manifestation of CF [6, 7, 8].

We present five patients with CF and PBS. 
In one of them PBS was the initial presenta-
tion of CF.

REPORT OF CASES

During the summer period of 2012 and 2013, 
the PBS was diagnosed in five patients with CF. 
The reason for hospitalization in all patients was 
severe dehydration, oliguria, apathy and ady-
namia. The diagnosis of CF in four children is 
determined by the first month after birth (neo-
natal screening), while one, a 17-month-old girl, 
basic disease is diagnosed by the picture of PBS 
(Table 1). Basic data related to the age of chil-
dren at the time of hospitalization, nutritional 
status, diet, factors that preceded dehydration 
and initial laboratory parameters are given in 
Tables 2 and 3. The important fact is that none 
of the children, except a two-month female in-
fant who was fed unmodified cow’s milk, had no 
additional salt intake. An additional risk factor 
for the development of PBS had a patient num-
ber five, which had an increased loss of water 
and electrolytes through ileostomy.

DISCUSSION

It is well known that CF patients may fail to 
thrive despite adequate intake of calories. In 
those cases it is important to think of the ex-
istence of electrolyte disturbances due to PBS.

PBS is a rare syndrome characterized with hy-
pochloremic metabolic alkalosis, hyponatremia,  
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hypokalemia, hyperreninemia, hyperaldosteronism and 
persistent failure to thrive. Hypochloremic metabolic al-
kalosis with elevated aldosterone and rennin occur both 
in Bartter syndrome, as well as in PBS within the CF. The 
main difference is that in the PBS renal tubules are not 
affected, while in classic Bartter syndrome renal tubules 
are not able to reabsorb electrolytes. In classic Bartter syn-
drome chloride loss in urine is high, while in PBS chloride 
loss in urine is low (<10 mmol/l) [3, 4, 9].

The CFTR dysfunction in the sweat glands results in ex-
cessive loss of sodium and chloride. This is especially true 
during hot summer months. The excessive loss of sodium 
chloride leads to a significant loss of the extracellular vol-
ume and secondary activation of the rennin-angiotensin-
aldosterone system. Hyperaldosteronism leads to an in-
creased loss of potassium through sweat, as well as through 
urine, causes hypokalemia and stimulates sodium cation 
exchange (hydrogen, potassium) which in addition results 
with hypokalemia and alkalosis occurrence. In reduced 
extracellular space relative increase in the concentration of 
bicarbonate occurs, and low levels of chloride leads to an 
increased reabsorption of bicarbonate in kidneys. In addi-
tion, reduced extracellular volume decreases bicarbonate 
filtration in urine due to the reduction of glomerular filtra-
tion rate. All this leads to metabolic alkalosis. On the other 
hand, hypokalemia itself may cause metabolic alkalosis [9].

Yalcin et al. [10] found the incidence of PBS in patients 
with CF to be 12%, Ballestero et al. [11] 16.8%, and Fustik 
et al. [12] 16.5%. The first attack of PBS was most often 
before the age of one [9, 11]. In our patients only one pa-
tient had PBS beyond the first year of life (the patient was 
17 months old at the time).

PBS is a usual complication in patients with established 
CF, but sometimes PBS can be the initial manifestation 
of CF [3]. In four of our patients the diagnosis of CF was 
based on neonatal screenings. In only one of our patients, 
in whom newborn screening was not performed, initial 
presentation of PBS and failure to thrive were followed by 
the diagnosis of CF. Marah [13] also described a case of 
an infant in which PBS was an initial manifestation of CF.

Risk factors for the development of PBS in CF patients 
include warm weather conditions (profuse sweating), se-
vere respiratory or pancreatic disease and gastrointestinal 
losses (vomiting and diarrhea) [13]. Due to hyponatre-
mia and hypochloremia, which appear in these diseases, 
the appetite is reduced, which additionally decreases the 
salt intake [14]. None of our patients had vomiting, but 
salt loss was caused by profuse sweating, and only a single 
patient had salt loss by ileostomy due to meconium ileus.

It is well known that PBS in patients with CF usually 
presents during warm summer months [15]. In four of our 
patients the trigger of PBS was high air temperature during 

Table 1. Results of newborn screening (IRT level, sweat test), CFTR mutations and fecal elastase level

Patient IRT (ng/ml) CFTR mutation Sweat test (mmol/L) Fecal elastase (µg/g)
1 80 and 100 621+1G>T//2789+5G>A 79 and 85 200
2 / F508 del homozygote 68 and 98 15
3 129 and 133 F508 del homozygote 58 and 62 146
4 236 and 175 F508 del homozygote 87 and 96 15
5 460 and 229 F508 del / G 542X 78 and 86 19

IRT – immunoreactive trypsinogen; CFTR – cystic fibrosis transmembrane conductance regulator

Table 2. Characteristics of patients with cystic fibrosis and pseudo-Bartter syndrome and therapy they received

Patient Age 
(months) Sex Symptoms before  

onset of PBS Predisposing factors Feeding Body weight at 
admission (g) Substitution therapy

1 3 Female Failure to thrive High air temperature Cow’s milk 4250 (<3 pct) NaCl 0.5 mmol/kg/day
KCl 1 mmol/kg/day

2 17 Female None High air temperature Standard 
diet 13500 (50 pct) NaCl 2 mmol/kg/day

KCl 1 mmol/kg/day

3 4 Female Recurrent respiratory 
infections High air temperature Formula 5700 (<50 pct) NaCl 1.7 mmol/kg/day

KCl 1.5 mmol/kg/day

4 5.5 Male Failure to thrive High air temperature Formula 5700 (3 pct) NaCl 1.7 mmol//kg/day
KCl 1.3 mmol/kg/day

5 5 Male Meconium ileus, ileostomy, 
failure to thrive

High air temperature 
and ileostomy Formula 5200 (3 pct) NaCl 3 mmol/kg/day

pct – percentile

Table 3. Initial laboratory findings on admission of patients with cystic fibrosis and pseudo-Bartter syndrome

Patient pH Na  
(mmol/l)

K  
(mmol/l)

Cl  
(mmol/l)

Urea  
(mmol/l)

SCr  
(umol/l)

PRA  
(IU/ml)*

Aldosterone  
(pg/ml)*

UNa  
(mmol/l)

UK  
(mmol/l)

UCl  
(mmol/l)

1 7.6 119 2.8 69 2.8 10.4 320 560 12 5.5 10
2 7.5 115 2.8 58.8 20 120 279 37.8 5 60 6
3 7.6 124 2.3 71 8.3 33.9 229 74 34 1.1 14
4 7.6 121 2.5 65 30 64 500 97.6 7 11 10
5 7.5 133 4.2 109 10 46 296 452 12 / 6

Na – sodium; K – potassium; Cl – chloride; SCr – serum creatinine; PRA – plasma renin activity; UNa – urinary sodium; UK – urinary potassium;  
UCL – urinary chloride

* Referent range: PRA to 46 IU/ml; Aldosterone 16–40 pg/ml



  

750

  

doi: 10.2298/SARH1512748V

Vilotijević-Dautović G. and Stojanović V. Pseudo-Bartter’s Syndrome in Patients with Cystic Fibrosis: A Case Series and Review of the Literature

hot summer. In addition, in one patient with ileostomy, 
due to meconium ileus after birth, who had great losses 
through it, PBS appeared during winter.

In patients with PBS, differential diagnosis includes: 
cyclical vomiting (pyloric stenosis), congenital chloride-
losing diarrhea, sustained gastric suction, misuse of laxa-
tives, Gitelman syndrome, use of diuretics (in which case 
chloride in urine is low!) and primary hyperaldosteronism 
[9]. Igrutinović et al. [16] described a case of an infant with 
congenital chloride diarrhea and PBS.

All of our patients had a usual diet appropriate for their 
age, before the onset of PBS. Despite sodium intake be-
ing appropriate, they had extreme salt loss. The patient 
who was on cow’s milk, which contains larger amounts 
of sodium, developed PBS as well. In most studies with 
CF PBS, majority of infants has been breast feeding. In 
a study by Fustik et al. [12], all the patients with CF PBS 
were breastfed. Kennedy et al. [5] described seven patients 
with CF PBS, all of who were on cow’s milk.

After the initial intravenous fluid rehydration during 
one or two days, and electrolyte supplementation, oral 
substitution therapy with sodium and potassium was per-
formed for all patients during further hospitalization. The 
substitution of potassium was performed for three to four 
days, because the stabilization of sodium homeostasis, that 
is elimination of secondary hyperaldosteronism, the cause 
of excessive renal loss, disappeared.

The substitution of sodium was continued for all pa-
tients after the hospital discharge (up to six months). 
Oral substitution with sodium and/or potassium can be 
carried out in all patients with CF PBS over months, and 

even years. To date there is no clear position on how long 
the supplementation with sodium chloride or potassium 
chloride should be applied. It is suggested that the treat-
ment is recommended until normal growth of the child is 
restored and until serum electrolyte levels are satisfactory, 
even after the abolition of supplementary therapy [17].

Yalcin et al. [10] published a review of as many as 29 pa-
tients with PBS. The average age at diagnosis of CF PBS was 
four months. In 11 patients CF was not diagnosed until CF 
PBS occurred. There were no differences in age, gender, geno-
type or severity of PBS attacks between those with pre- and 
post-PBS-diagnosed CF. Nine of the 29 patients were being 
fed breast milk, and the rest were taking formula milk. In all 
patients acid-base status and serum electrolyte levels were 
normalized after two to four days. Most of the patients had a 
respiratory exacerbation when PBS occurred (profuse sweat-
ing, loss of appetite and high fever). All of them had vomiting, 
loss of appetite, failure to thrive during the PBS episode [10].

In all the patients the values of rennin were high. Al-
dosterone values were high in four patients and within 
borderline range in one patient. This can be explained by 
the fact that the low serum potassium suppresses the secre-
tion of aldosterone.

In conclusion, PBS is one of complication of CF, especial-
ly in infants and young children in situations accompanied 
by increased sweating and/or other causes of additional loss 
of sodium and chlorine. Sometimes, as was the case with 
one of our patients, PBS may be the initial presentation form 
of the disease. Hence, patients with CF in a state of increased 
sweating or other situations accompanied by increased loss 
of electrolytes require appropriate compensation.
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КРАТАК САДРЖАЈ
Увод Псе у до-Бар те ров син дром (ПБС) се од ли ку је хи по на-
тре миј ском и хи по хло ре миј ском ме та бо лич ком ал ка ло зом, 
као и Бар те ров син дром, али без по ре ме ћа ја функ ци је ре-
нал них ту бу ла. При ка за но је пет бо ле сни ка са ци стич ном 
фи бро зом (ЦФ) и ПБС.
При каз бо ле сни ка Че ти ри де те та уз ра ста од три ме се ца 
до пет и по ме се ци са прет ход но ди јаг но сти ко ва ном ЦФ и 
јед но де те од 17 ме се ци са до тад не ди јаг но сти ко ва ном ЦФ 
при мље на су на бол нич ко ле че ње то ком лет њег пе ри о да 
због те шке де хи дра та ци је, оли гу ри је, апа ти је и ади на ми-
је. Јед но де те је та ко ђе има ло иле о сто му због ме ко ни јум-
ског иле у са по ро ђе њу. Сва де ца су би ла на ис хра ни без 
до дат ног уно са со ли. Ла бо ра то риј ске ана ли зе на при је му 
су код свих по ка зи ва ле хи по на три је ми ју (115–133 mmol/l, 
про сеч но 122,4 mmol/l), по ви ше ну пла зма-ре нин ску ак тив-
ност (229–500 pg/ml, про сеч но 324 pg/ml) и ме та бо лич ку ал-

ка ло зу (pH 7,5–7,6, про сеч но 7,56), док су код че тво ро де це 
за бе ле же ни ви сок ни во ал до сте ро на у кр ви (74–560 pg/ml, 
про сеч но 295,9 pg/ml), хи по ка ле ми ја (2,3–2,8 mmol/l, про-
сеч но 2,6 mmol/l), хи по хло ре ми ја (59–71 mmol/l, про сеч но 
66 mmol/l) и сни же на вред ност на три ју ма у мо кра ћи (5–12 
mmol/l, про сеч но 9 mmol/l). На кон ин тра вен ске ре хи дра-
та ци је и на став ка до дат ног уно са на три ју ма и хло ра у про-
сеч ној до зи од 1,78 mmol/kg днев но, сва де ца су се пот пу но 
опо ра ви ла. Са са ве том за до дат ни унос со ли у по ме ну тој 
до зи де ца су пу ште на ку ћи.
За кљу чак ПБС је јед на од ком пли ка ци ја ЦФ, по себ но код 
одој ча ди и ма ле де це, у усло ви ма по ја ча ног зно је ња и/или 
по сто ја ња дру гих раз ло га пра ће них по ве ћа ним гу бит ком 
на три ју ма и хло ра. Не ка да, као у слу ча ју јед ног од на ших 
бо ле сни ка, ПБС мо же би ти пр ва ма ни фе ста ци ја ЦФ.
Кључ не ре чи: ци стич на фи бро за; псе у до-Бар те ров син-
дром; одој чад
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