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Hyponatremic dehydration and metabolic alkalosis
as dominant manifestation in cystic fibrosis infants
with mild phenotype - a case series
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SUMMARY

Introduction Due to increased losses of chloride and sodium in the sweat, children with cystic fibrosis
(CF) are predisposed to develop episodes of hyponatremic/hypochloremic dehydration with hypokalemia
and metabolic alkalosis when they sweat excessively. Even the patients with mild phenotype may have
such episodes of dehydration and salt depletion.

Outline of cases Six cases of pancreatic sufficient (PS) CF patients complicated with episodes of severe
hyponatremic dehydration with metabolic alkalosis in infancy are presented. The mean age was 6.3 £ 2.16
months at admission. All the cases had no symptoms suggestive of CF before admission. The most com-
mon clinical symptoms at the time of hospitalization were vomiting, anorexia, weight loss, dehydration,
irritation, or lethargy. Mean values of blood pH, serum bicarbonate, sodium, chloride, and potassium
(mmol/I) were as follows: 7.59 + 0.06, 41.73 + 5.78, 117.52 £ 2.88, 66.0 + 11.58 and 2.62 + 0.37, respectively.
Sweat chloride test was pathological and ranged 69-120 mmol/L. The determination of fecal elastase-1
proved that they were PS (values > 200 pg/g stool). CF transmembrane conductance regulator gene
analyses in six cases confirmed the diagnosis of CF; namely, patients were compound heterozygotes for
F508del and other rare mutation or compound heterozygotes for two rare mutations.

Conclusion Distinctive about these cases is that they were PS and had very mild presentation of CF.
Without these episodes of dehydration, these patients would have remained undiagnosed until later
age. CF should be considered in infants and children presenting with hypoelectrolytemia and metabolic

alkalosis even in the absence of respiratory or gastrointestinal symptoms.
Keywords : cystic fibrosis; CFTR genotype; hyponatremic dehydration; metabolic alkalosis

INTRODUCTION

Cystic fibrosis (CF) is a multisystem disease
caused by mutations in a gene on chromo-
some 7, which encodes the CF transmembrane
conductance regulator (CFTR) protein. CFTR
functions primarily as a chloride channel and
controls the movement of salt and water into
and out of epithelial cells in the affected or-
gans. Almost 2,000 different CFTR mutations
have been identified, resulting in different con-
sequences on protein function, ranging from
complete protein absence to defective protein
activity at the plasma membrane [1, 2]. Hence,
phenotypic expression of the disease varies
widely among individuals with CF [3].

In countries without neonatal screening for
CF, the disease is usually diagnosed during
childhood by respiratory and/or gastro-intes-
tinal symptoms. Hyponatremic hypochloremic
dehydration with hypokalemia and metabolic
alkalosis is a rare but typical presentation of
CF in infants [4, 5, 6]. Dysfunctional CFTR
in the sweat ducts are responsible for the ex-
cessive chloride and sodium losses, especially
during warm months. The extracellular fluid
volume contraction and salt depletion will lead
to activation of renin-angiotensin system and

secondary hyperaldosteronism. The resulting
effect is increased renal potassium and hydro-
gen losses for the exchange with sodium in the
distal tubule. The consequenced hypokalemic
alkalosis is a metabolic mimicry of Bartter’s
syndrome; therefore, the condition is known
as pseudo-Bartter’s syndrome in CE

In our previous study of pseudo-Bartter’s
syndrome in CE all patients with metabolic al-
kalosis and hypoelectrolytemia were pancreatic
insufficient (PI). Respectively, they had severe
mutations with regard to pancreatic exocrine
function [7]. Over the last few years, we have
noticed the emergence of severe hyponatremic
hypochloremic dehydration with metabolic al-
kalosis in pancreatic sufficient (PS) CF infants,
which had very mild disease expression further
on in the clinical course.

REPORT OF CASES

Clinical records of six patients, three boys and
three girls, presenting in infancy with meta-
bolic alkalosis and electrolyte abnormalities
such as hyponatremia, hypochloremia, and
hypokalemia, which were later found to have
CE, were analyzed.
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Table 1. Biochemical features of the pancreatic sufficient cystic fibrosis patients with pseudo-Bartter’s syndrome

Parametars Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 M £ SD*

pH 7.6 7.67 7.6 7.61 7.57 7.49 7.59 £ 0.06
Bicarbonate (mmol/L) 429 49.1 42.8 44.6 39 32 41.73+£5.78
Sodium (mmol/L) 113 121 117 116 118 120 117.52+£2.88
Chloride (mmol/L) 61 65 54 56 78 82 66+ 11.58
Potassium (mmol/L) 2.1 2.7 24 2.6 3.2 2.7 2.62+0.37

*Mean values + standard deviation

Table 2. Genotypes of the pancreatic sufficient cystic fibrosis patients with pseudo-Bartter’s syndrome

Case No. Mutation | Mutation Il

cDNA name / legacy name cDNA name / legacy name
1 c.377G>A/G126D c.1366G>T / VA56F
2 c.377G>A/G126D ¢.1753G>T/ E585X
3 ¢.1521_1523delCTT / delF508 c.579+3A>G/ 711+ 3A->G
4 €.1521_1523delCTT / delF508 c.579+3A>G/ 711+ 3A->G
5 €.1521_1523delCTT / delF508 €.349C>T/R117C
6 €.1521_1523delCTT / delF508 c.1070C>T / A357V

The mean age of children was 6.3 + 2.16 months (range
being 3-9 months). Biochemical features of the patients
at the admission phase are summarized in Table 1. Mean
values of blood pH, serum bicarbonate, sodium, chloride,
and potassium (mmol/L) at admission were as follows:
7.59 £ 0.06,41.73 £ 5.78, 117.52 + 2.88, 66 + 11.58, and
2.62 £ 0.37, respectively. Urine chloride concentrations
in all the patients were below 20 mmol/l. For case 1 it was
the second episode, for case 4 the third episode, and for
cases 2, 3, 5, and 6 the first episode of dehydration. All
episodes of dehydration occurred during the summer and
early autumn months. The most common clinical symp-
toms in these patients were vomiting, anorexia, weight loss,
dehydration, irritation, or lethargy. We did not obtain a
history of recurrent chest infection or loose stools in any
child. Therefore, all cases had no symptoms suggestive of
CF before admission.

After rehydration and correction of metabolic abnor-
malities in the blood, a subsequent sweat chloride test
and genotyping confirmed the diagnosis of CF in these
infants. Sweat chloride tests were pathological and ranged
69-120 mmol/L. Assessment of the pancreatic functional
status by determining the values of fecal elastase-1 showed
that all six infants were PS (fecal elastase values were over
200 ug/g stool). CFTR gene analyses determined that the
patients were compound heterozygotes for F508del (the
most common CFTR mutation, class IT) and other rare
mutation or compound heterozygotes for two rare muta-
tion (Table 2). A new mutation ¢.1070C>T (A357V) was
detected in case 6.

Monitoring the clinical course of the disease in these
children within the next two to five years showed that they
have mild expression of CF mainly manifested as recur-
rent sinusitis and nasal polyps in case 3. Only case 4 had
another hospitalization for treating acute exacerbation of
lung disease with Pseudomonas aeruginosa infection. Very
mild pulmonary involvement was found on the chest X-ray
in all six cases.

‘ DOI: https://doi.org/10.2298/SARH170811053F

DISCUSSION

Metabolic alkalosis in association with low serum electro-
lyte concentration is not a common metabolic disorder in
infancy. Conditions associated with repeated vomiting,
especially pyloric stenosis, continuous gastric drainage
without appropriate electrolyte replacement, chloride-
losing diarrhea, potassium-losing nephropathy, Bartter’s
syndrome, the use of thiazide diuretics, and salt depletion
by sweating in CF can lead to such a disturbance [8, 9].

Metabolic abnormalities in the so-called pseudo-Bart-
ter’s syndrome in CF can have mimicking biochemical
features of Bartter’s syndrome. Although the biochemical
hallmark of both Bartter’s and pseudo-Bartter’s syndrome
is abnormally low plasma electrolyte concentrations, there
are important differences between the two diseases. In
Bartter’s syndrome, the sweat electrolyte profile is normal
and the renal handling of electrolytes is defective. In CE,
sweat electrolyte losses are increased, and intensive electro-
Iyte reabsorption occurs in the renal tubules. In all our CF
infants presenting with electrolyte depletion and metabolic
alkalosis, the initial diagnosis of Bartter’s syndrome was
excluded by hypochloruria (< 20 mmol/L). Determination
of urinary chloride before therapy is especially useful to
distinguish these two conditions.

In our previous study; all CF infants with pseudo-Bartter’s
syndrome were PI [7]. We considered that biochemical ab-
normalities due to insufficient CFTR chloride canal function
are more pronounced in CF patients with “severe” disease-
caused mutations (class I, II, and IIT). Compared to the “se-
vere” CFTR mutations, certain “mild” mutations tend to be
associated with significantly lower sweat chloride concentra-
tions [10]. However, the emergence of severe hyponatremic
hypochloremic dehydration with metabolic alkalosis in PS
CF infants, which had mild disease expression in the further
clinical course, indicated that neither the CFTR genotype
nor sweat chloride levels are correlated with the occurrence
of dehydration episodes. Our present analysis showed that
two rare mutations (G126D and 711+ 3A- >G) were found
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in two cases, each. G126D is a missense mutation in exon 4
of the CFTR gene, resulting in amino acid change (glycine
to asparagine at 126) in CFTR chloride channel and 711+
3A- >G is a splicing mutation in intron 5, resulting in an
mRNA splicing defect. This may arouse doubt that certain
genotypes are more predisposed to the development of this
metabolic disorder. Higher rate of sweating and electrolyte
losses with sweat may be the reason why some CF individu-
als are biochemically more vulnerable, but the risk factors
for the development of dehydration with electrolyte deple-
tion in CF are still not defined.
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XunoHaTpeMuyHa gexuapataumja u MeTabonnuKa ankano3a Kao AOMUHAHTHA
MaHudecTaumja Kog 040j4aam ca uuctuiHom pubposom u baarum peHotTunom —

cepwuja cnyyajesa

Crojka Qywrnk', TatjaHa JakoBcka', [njaHa Mnatwecka-KapaHduncka?

'YHMBep3nTETCKaA KNMHMKA 3a Aelly, Onerberbe 3a umctnyHe ¢nbpose, Ckornsbe, MakefoHuja;
’Make[oHCKa akagemuja Hayka 1 yMeTHOCTH, ICTpaXKiBauKy LieHTap 3a FeHETYKO NHXeHepcTBo 1 bruoTexHonorujy, Ckonmbe, MakefoHuja

CAXETAK

YBop 360r nosehaHnx rybutaka xnopa 1 HaTprjyma y 3Hojy,
Aeua ca yuctmyHom ¢pubposom (LID) npegucnonmpaHa cy fa
pa3sBujy envi30/e XMMOoHaTPEMUYHE/XUMOXTOPEMIYHE fexapa-
Lmje ca XvrnokanemMujom 1 MeTabomukom ankano3om Kafa ce
npeTepaHo 3Hoje. Yak 1 6onecHnum ca bnarvim GpeHoTMnom mory
MMaTV TakBe enun3oAe Aexmapaimje u NCLprbrBarbe CoNu.
Mpuka3s 6onecHuKa MpriKa3aHo je LWeCT clyyajeBa NaHKPeacHo
cyduumjeHTHux (MC) 6onecHuka ca L® Koju cy Kao ofojuas
MMain Kao KOMMIMKaLMjy enn3ofe TellKe X1MnoHaTpeMnyHe
Jexuapaumje ca MeTabonnyKkom ankano3om. lNpoceyHa ctapoct
je 6una 6,3 + 2,16 meceun Ha npujemy. Hucy csu cnyyajeBu
npe npujema uManu cuMnTome Koju ykasyjy Ha LI®. Hajuewwhn
KAVHAYKM CUMMNTOMM Y BPeMe XocnuTanv3aumje 6vnu cy: no-
Bpahatbe, aHopeKcyja, rybuTak TexuHe, iexuapaLmja, uputa-
unja nnn netapruja. Cpegre BpeaHoCcTv pH KpBU, CEPYMCKMX
61Kap6boHaTa, HaTPUjyma, Xx1opa 1 Kanujyma (mmol/l) 6une cy,
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pepom: 7,59 + 0,06; 41,73 +5,78; 117,52 £ 2,88; 66 + 11,58 11 2,62
+ 0,37. 3HOjHU XJIOPUAHM TECT 61O je MATONOLLKI 1 Baprpao je
of 69 no 120 mmol/l. OgpehmBatrbe pekanHe enactase-1 noka-
3ano0 je ga cy MNC (BpegHoctn > 200 ug/g ctonuue). LIOTP reHcka
aHanm3a Koj CBYIX LeCT CiyyajeBa MoTBpAmna je anjarHosy LiO;
Haume, 6onecHULM Cy 61N CNOXEeHW XeTepo3uroTy 3a F508del
1 Apyry peTKy MyTaLujy Uim CIOKeHN XeTepo3mnroTu 3a ABe
peTke myTauuje.

3akspby4vak KapakTep1cTUYHO 3a OBe C/lyyajeBe je TO LWTO Cy
naHKpeacHo cydULIMEHTHI 1 Majy BEOMa Gnary npeseHTauujy
LI®. Be3 oBux enuzofa aexvigpauyje, o1 6onecHUL 61 octanm
HeJMjarHOCTMKOBaHM 0 KacHujer y3pacTa. Lid Tpeba ysetn y
0031p Kof 0f10juazm 1 fieLie Kof Kojux ce MaHUbecTyjy Xuno-
enekTponuTeMmja U MeTabosmuKa ankanosa, Yak 1y oacycTBy
pecnypaTopHMUX UV racTPOVNHTECTUHANHUX CUMMTOMA.
KrbyuHe peun: uyctnyHa drbpo3sa; LIOTP reHotvn; xunoHatpe-
MHa JexuapaLuja; MeTabonmyka ankanosa
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