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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 CE

REPORT OF CASES

During the summer period of 2012 and 2013,
the PBS was diagnosed in five patients with CE
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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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 (ug/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 (mﬁgfhs) Sex Syrgrpl)st:tn;sf Ik;gfsore Predisposing factors Feeding B: dd% isws?(i)%h(tga;t Substitution therapy
1 3 Female Failure to thrive High air temperature Cow's milk | 4250 (<3 pct) NaK(CZI| ?.iqr:qrg;/)ll(/(_;l](/gd/:;y
2 17 Female None High air temperature Sta;igtard 13500 (50 pct) NKaCC|I12nr:1n:T10c:/I{(I;g/{j(;a)/y
3 4 Female Recur;’sp;cl;?églratory High air temperature Formula 5700 (<50 pct) NKEZ:CIIJJnTnTO?/I{(Zg/ﬁE;y
4 55 Male Failure to thrive High air temperature Formula 5700 (3 pct) N;gll 11; rTrrr?c(:II//lilg(%g;y
5 5 Male Mecor;:ileréligst,hiL?\?estomy, Hig:ne:;r”t:g;f:r;a;ure 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 K cl Urea SCr PRA Aldosterone UNa UK ucl
(mmol/l) | (mmol/l) | (mmol/l) | (mmol/l) | (umol/l) (IU/ml)* (pg/ml)* (mmol/l) | (mmol/l) | (mmol/l)
1 7.6 119 2.8 69 2.8 104 320 560 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 83 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

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 CE. 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
CE 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 CE Marah [13] also described a case of
an infant in which PBS was an initial manifestation of CE

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
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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]. Igrutinovié 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
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Nceypo-bapTepoB cMHApOM Kog 6onecHUKa ca uucTuiHoM pubposom:

NpuWKas cayyajesa v Npernea auteparype

loppaHa Bunotujesuh-Laytouh'2 BecHa CtojaHoBUA '

TMHCTUTYT 3a 30paBCTBEHY 3alWTHTY AeLle 1 omnaguHe BojsoaunHe, Hosu Cag, Cpbuja;

2Ynusepautet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja

KPATAK CALIP?KA)J

YBog Nceyno-baptepos cuHapom (MBC) ce oanukyje xmunoHa-
TPEMMjCKOM 1 XMTMOXI0PEMUJCKOM MeTaboNMUKoM ankanosom,
Kao 1 bapTepos cuHapom, anu 6e3 nopemehaja dyHkLuje pe-
HanHux Tybyna. MprKkasaHo je neT 6oecHNKa ca LMCTUYHOM
¢drbpo3om (LD) n MBC.

Mpukas 6onecHnKa YeTripu feTeTa y3pacTta of Tpu MeceLia
[0 MeT 1 Mo MeceLn ca MPeTX0[HO AujarHocTnkoBaHom LD un
jepHo pete of 17 meceum ca goTag HeanjarHocTkoBaHom LIO
npuM/beHa cy Ha 60lIHUYKO Neyerbe TOKOM NleTHer nepropa
360r TellKe fexvapaTtalmje, onurypuje, anatuje u agnHamu-
je. JenHo pete je Takohe nmano nneoctomy 360r MEKOHMjyM-
cKor uneyca no pohetby. CBa feua cy 6una Ha ucxpaHu 6es
[OAaTHOr yHoca conu. JlabopaTtopujcke aHanvse Ha npujemy
Cy Kop CBVX MoKa3mBane xunoHatpujemujy (115-133 mmol/l,
npoceyHo 122,4 mmol/l), noBuLLeHy nna3ma-peHNHCKY akTuB-
HOCT (229-500 pg/ml, npoceuHo 324 pg/ml) n meTabonnuky an-
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Kano3y (pH 7,5-7,6, npoceyHo 7,56), BOK Cy KOA 4eTBOPO AeLie
3abeneXxeHy BUCOK HUBO anpoctepoHa y Kpsw (74-560 pg/ml,
npoceyHo 295,9 pg/ml), xunokanemuja (2,3-2,8 mmol/l, npo-
ceyHo 2,6 mmol/l), xunoxnopemuja (59-71 mmol/l, npoceuHo
66 mmol/l) n cHV<eHa BpefHOCT HaTpujyma y mokpahm (5-12
mmol/l, npoceyHo 9 mmol/l). HakoH MHTpaBeHCKe pexmapa-
Tauyje 1 HacTaBKa A0AATHOT YHOCA HaTpuWjyma 1 XJiopa y npo-
CeyHoj fo3u og 1,78 mmol/kg pHeBHO, CBa fieLla Cy ce MoTnyHO
onopaswuna. Ca caBeTOM 3a JOAATHN YHOC COMN Y MOMEHYTOj
1031 Aela cy nylTeHa Kyhu.

3akmyuak BC je jeaHa of komnnukauwmja LI®, nocebHo kog
ofjojuaau 1 mane aelle, y ycioBrMa nojayaHor 3Hojera u/unu
nocTojakba Apyrux pasnora npaheHrx nosehaHum ryomtkom
HaTpujyma u xsiopa. Hekaga, Kao y cnyyajy jefHOr of Hawmx
6onecHuka, NMbC moxe 61T NpBa MmaHudecTtaywuja LID.
KmbyuHe peun: uuctmuHa ubposa; nceyno-baprepos cuH-
OpOoMm; ofojyag
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