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Introduction

The Familial hyperkalemic hypertension 
(FHHt) syndrome (OMIM #145260), first 
described in 1964, and also known as Gordon’s 
syndrome or pseudohypoaldosteronism type II 
(PHA II), is a rare autosomal dominant disease 
characterized by hypertension, hyperkalemia, 
hyperchloremic metabolic acidosis, and normal 
renal and adrenal function, with suppressed 
plasma rennin activity. Thiazides correct the 
metabolic abnormalities and hypertension (1–3). 
FHHt syndrome may be due to mutations in the 
WNK1 and WNK4 genes, encoding the with-no-
lysine kinases 1 and 4 respectively. WNK4 
mutants fail to inhibit the thiazide-sensitive 
Na-Cl cotransporter (NCC), increasing 
reabsorption of chloride in the distal collecting 
tubule and causing volume expansion and 
hypertension, and fail to inhibit the ROMK1 
channel, causing hyperkalemia. WNK1 mutants 
also cause an increase in chloride adsorption 
both through the activation of EnaC and reduced 
inhibition of NCC through its influence on the 
WNK4 activity (4–6). Three loci associated with 
FHHt have been identified (12p13.3 and 
17p11-q21 and 1q31-q42), but other loci, not yet 

identified, are probably involved, demonstrating 
the genetic heterogeneity of FHH. The syndrome 
has been described primarily in adolescents and 
young adults, and in most cases, hypertension 
has been the presenting symptom; however, the 
investigations performed in the relatives of 
patients with the FHHt syndrome, showed that 
the metabolic disorders preceded hypertension, 
and no relationship between the severity of 
biochemical abnormalities and severity of 
hypertension was observed (7, 8). Short stature, 
hypercalciuria with urolithiasis and dental 
abnormalities have also been reported. The long-
term prognosis remains uncertain because 
follow-up data are still limited.

Case Report

The present case was a male child was born to 
nonconsanguineous healthy parents with no 
family history of hypertension or renal or 
cardiovascular diseases. His birth weight was 
2,260 g (<3C), length was 46 cm (3C), head 
circumference was 31 cm and Apgar index was 
7 at 1 min and 9 at 5 min.  When he was 9 mo 
old, he was referred to the Pediatric Nephrology 
Unit of the Meyer Children’s Hospital of Florence 
(Italy) for evaluation of casually detected severe 
hyperkalemia (7.2–8 mmol/l), hyperchloridemia 
(109–111 mmol/l) and metabolic acidosis (pH 
7.21; bicarbonate 13.3 mmol/l).  At that time, his 
physical examination was unremarkable, and 
his blood pressure was normal (75/45 mmHg). 
Biochemical values are illustrated in Table 1. 
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Renal and adrenal gland sonograms and a renal 
scan were normal. He was diagnosed with a 
selective potassium secretory defect (or the 
hyperkalemic form of renal tubular acidosis or 
pseudohypoaldosteronism type I) in spite of 
normal rennin and aldosterone values. He was 
treated with 2 g/kg/d of sodium polyester 
sulphonate (Kayexalate) and 2 mEq/kg/d of 
sodium bicarbonate resulting in normalization 
of the parameters (K 5.7 mmol/l, bicarbonate 
19.4 mmol/l and pH 7.37). For the next 3 yr, he 
was monitored as an outpatient every 6 mo. His 
physical growth, neurological development and 
blood pressure were normal up to the age of 4 yr 
and 3 mo, when measurement of his blood 
pressure revealed severe arterial hypertension 
(180/120 mmHg). His electrocardiogram was 
normal, showing a pulse rate of 96/min; the 
echocardiogram showed concentric left 
ventricular hypertrophy consistent with lasting 
hypertension. At this time, his weight was 16 kg 
(25C), his height was 104 cm (25C), and his daily 

doses of ion-exchange resin and sodium 
bicarbonate were 3 g/kg/d and 4 mEq/kg/d 
respectively. Biochemical values are illustrated 
in Table 1. Antihypertensive therapy was 
commenced with 1 mg/kg/d of atenolol and 0.4 
mg/kg/d of amlodipine, and due to suspecting 
Gordon’s syndrome (pseudohypoaldosteronism 
type II; OMIM #145260), hydrochlorothiazide 
was also administered at an initial dose of 1.5 
mg/kg/d and gradually increased to 2.5 mg/kg/d. 
After only a few days, the sodium bicarbonate 
and ion-exchange resin therapy was discontinued, 
and he maintained a normal electrolyte and acid-
base status. The antihypertensive drugs were 
at first tapered and finally discontinued after 12 
wk, when, with therapy with hydrochlorothiazide 
only, the boy showed normal blood pressure. His 
calcium urinary excretion also normalized. 
During the following 3 yr, the boy showed a 
growth velocity at 10C (at the age of 8, his stature 
was 119.5 cm; >3C), but his bone age was in line 
with his chronologic age. A transient mild 

Table 1 Physical parameters, biochemical values and therapy during the follow-up 
 9 mo 4.3 yr 8.3 yr

Wheight Kg 9 (>25C) Kg 16 (25C) Kg 31.4 (90C)
Length/Height cm 74 (50C) cm 104 (25C) cm 119.5 (>3C)
BP 75/45 180/120 102/58
BUN 12 mg/dl 9 mg/dl 19 mg/dl
Creatinine 0.4 mg/dl 0.5 mg/dl 0.7 mg/dl
Na  136 mmol/l 143 mmol/l 136 mmol/l
K 7.4 mmol/l 4.5 mmol/l 3.5 mmol/l
Cl 111 mmol/l 100 mmol/l 98 mmol/l
HCO3– 16.2 mmol/l 23 mmol/l 23.9 mmol/l
PRA (n. v. for age <16.6 ng/ml/h) 0.22 ng/ml/h  
Aldosterone (n. v. for age 0.14–2.5 nmol/l) 0.26 nmol/l  
Cortisol (n. v. for age 5–25 microg/dl) 8.24 microg/dl  
ACTH (n. v. for age 9–52 ng/l) 40.1 ng/l  
17-OH-progesterone (n.v. for age 0.1–2.7 nmol/l) 0.6 nmol/l  
DHEAS (n.v. for age 80–560 microg/dl) < 30 microg/dl  
CaU/CrU (mg/mg) (n. V. <0.2) NA 1.1 0.2
FE Na NA 2.9 % 
Transtubular potassium gradient (n.v. 8–9) NA 0.4  
Therapy  Kayexalate 3 g/Kg/d Hydrochlorothiazide
  Na bicarbonate 4 mEq/Kg/d 2.4 mg/Kg/d
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elevation in blood pressure due to excessive 
dietary salt was resolved with salt restriction. 
Molecular investigation of both WNK1 and 
WNK4 gene coding regions failed to reveal the 
presence of mutations.

Discussion

Only a few descriptions of FHHt in infancy and 
childhood have been reported, and most cases 
have been diagnosed in the course of clinical and 
genetic investigations performed in relatives of 
hypertensive adult patients (9). Two cases, a 
newborn and her 9-yr-old sister, were found in 
a family in which the presence of the disease had 
previously been demonstrated in their mother. 
In the newborn, laboratory investigations showed 
hyperkalemia and metabolic acidosis. Besides 
hyperkalemia and metabolic acidosis, the elder 
sister also had short stature and hypertension, 
which was corrected by high doses of 
chlorothiazide (10).  Hyperkalemia, metabolic 
acidosis and short stature, but not hypertension, 
were diagnosed in a 9-yr-old boy by Weinstein 
et al. (11).  This patient showed a strict clinical 
analogy with the preadolescent patient previously 
described by Spitzer et al. (12), therefore, this 
childhood clinical picture, characterized by 
hyperkalemia, metabolic acidosis, and short 
stature, but normal blood pressure, has been 
called Spitzer-Weinstein syndrome. The absence 
of hypertension in the patients described by 
Weinstein et al. and Spitzer et al. might be 
justified by their prepubertal age. Besides the 
cases mentioned, Gordon RD et al. and Sanjad 
SA et al. described a 10-yr-old girl and a 13-yr-old 
girl respectively who showed short stature 
associated with severe hypertension, marked 
hyperkalemia and renal tubular acidosis (13, 
14). The analysis of families with FHH showed 
that hyperkalemia and metabolic acidosis 
precede the development of hypertension (8–10, 
15). On the other hand, short stature, the origin 
of which is unknown, is reported in many, but 
not in all cases with this complex syndrome (9).

In the present patient, the metabolic 
abnormalities observed since the first months of 
life and the subsequent appearance of 
hypertension, which normalized with thiazide 
therapy, strongly support the diagnosis of FHHt, 
despite the fact that molecular investigations 
failed to reveal mutations in both WNK1 and 
WNK4 genes (7). The distinctive aspect of this 
case is the very early appearance of severe 
hypertension. A possible explanation of this 
phenomenon could have been the long-term 
treatment with sodium bicarbonate and sodium 
polyesterene sulphonate. Despite the fact that 
reabsorption of sodium by the proximal tubule 
decreases in case of expansion of the extracellular 
fluid, the chronic metabolic acidosis increases 
the reabsorption of sodium bicarbonate and fluid 
by the proximal tubule. Consequently, the very 
high supply of sodium bicarbonate to maintain 
the acid base and electrolyte balance, in addition 
to the excessive avidity for chloride, sodium and 
fluid, typical of this disease, resulted in severe 
early hypertension. The metabolic sodium 
disorder could be confirmed by the value of his 
sodium fractional excretion of 2.9 (n.v.<3), which 
was therefore normal and did not increase as 
expected in the circumstance during the 
extracellular fluid. Another possible explanation 
could be the association in this child of the 
mutation in an unrecognized gene involved in 
FHHt with polymorphisms of other genes 
associated with essential hypertension, creating 
a sum of effects on his sodium metabolism (16). 
The patient showed hypercalciuria, which 
normalized with thiazide therapy. Hypercalciuria 
is usually present in patients suffering from 
FHHt due to some mutations of WNK4 (9). Even 
though the mechanism by which the increased 
activity of NCC causes hypercalciuria has not 
been clarified, some studies seem to demonstrate 
that WNK4 positively regulates TRPV5-mediated 
Ca2+ transport and that the inhibitory effect of 
NCC on this process may be involved in the 
pathogenesis of hypercalciuria of FHHt caused 
by gene mutation in WNK4 (17). As happens in 
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hydiopathic hypercalciuria, thiazides are capable 
of reducing renal excretion of calcium in patients 
with WNH4 mutations; indeed, hypercalciuria 
is six times more sensitive  to thiazide treatment 
in these patients than in individuals with wild 
WNK4 (6).   However, despite the fact that many 
features tend to suggest WNK4 gene mutation, 
no known molecular defects were detected in 
this child. On the other hand, in most families 
with FHHt, the molecular defect has not been 
identified yet; therefore, it could be a matter of 
a possible pathogenetic role of abnormalities of 
either several new components of the same 
pathway, multiple aldosterone-regulated 
effectors or direct or indirect partners of the Na-
Cl cotransporter.

The case described here, without a familial 
history of FHHt, suggests caution in diagnosing 
pseudohypoaldosteronism type 1 and encourages 
performance of tests with thiazide in children 
presenting hyperkalemia and metabolic acidosis. 

Acknowledgements

The author wishes to thank Dr. Xavier 
Jeunemaitre of the CHU Hopital Européen 
Georges Pompidou de Paris, France, for valuable 
collaboration in performing the molecular 
analysis of WNK1 and WNK4 genes.

References

  1. Paver W, Pauline G. Hypertension and 
hyperkalemia without renal disease in a young 
male. Med J Aust 1964;2:305–6.

  2. Arnold JE, Healy JK. Hyperkalemia, hypertension 
and systemic acidosis without renal failure 
associated with a tubular defect in potassium 
excretion. Am J Med 1969;47:461–72.

  3. Gordon RD. Syndrome of hypertension and 
hyperkalemia with normal glomerular filtration 
rate. Hypertension 1986;8:93–102.

  4. Wilson FH, Disse-Nicodeme S, Choate KA, 
Ishikawa K, Nelson-Williams C, Desitter I, et al. 
Human hypertension caused by mutations in 
WNK kinases. Science 2001;293:1107–12.

  5. Yang C, Zhu X, Ellison DH. The thiazide-sensitive 
Na-Cl co-transporter is regulated by WNK kinase 
signalling complex. J Clin Invest 2007;117:3403–
11.

  6. Xie J, Craig L, Cobb MH, Huang C. Role of with-
no-lysine [K] kinases in the pathogenesis of 
Gordon’s syndrome. Pediatr Nephrol 
2006;21:1231–6.

  7. Hadchouel J, Delaloy C, Fauré S, Achard JM, 
Jeunemaitre X. Familial hyperkalemic 
hypertension. J Am Soc Nephrol 2006;17:208–17.

  8. Rodriguez-Soriano J. Tubular disorders of 
electrolyte regulation. In: Avner ED, Harmon 
WE, Niaudet P, editors. Pediatric Nephrology 
5th ed. Philadelphia:Lippincott, Williams & 
Wilkins;2004. p.729–56.

  9. Farfel A, Mayan H, Melnikov S, Holtzman EJ, 
Pinhas-Hamiel O, Farfel Z. Effect of age and 
affection status on blood pressure, serum 
potassium and stature in familial hyperkalemia 
and hypertension. Nephrol Dial Transplant 
2011;26:1547-53.

10. Gereda JE, Bonilla-Felix M, Kalil B, Dewitt SJ. 
Neonatal presentation of Gordon syndrome. J 
Pediatr 1996;129:615–7.

11. Weinstein SF, Allan DME, Mendoza SA. 
Hyperkalemia, acidosis, and short stature 
associated with a defect in renal potassium 
excretion. J Pediatr 1974;85:355–8.

12. Spitzer A, Edelman CM, Goldberg LD, Henneman 
PH. Short stature, hyperkalemia, and acidosis: 
a defect in renal transport of potassium. Kidney 
Int 1973;3:251–7.

13. Gordon RD, Geddes RA, Pawsey CGK, O’Halloran 
MW. Hypertension and severe hyperkalemia 
associated with suppression of rennin and 
aldosterone and completely reversed by dietary 
sodium restriction. Aust Ann Med 1970;19:287–
94.

14. Sanjad SA, Mansour FM, Hernandez RH, Hill 
LL. Severe hypertension, hyperkalemia, and 
renal tubular acidosis responding to dietary 
sodium restriction. Pediatrics 1982;69:317–24.

15. Mayan H, Munter G, Shaharabany M, Mouallem 
M, Pauzner R, Holtzman EJ, et al. Hypercalciuria 
in familial hyperkalemia and hypertension 
accompanies hyperkalemia and precedes 
hypertension: description of a large family with 



9FHH: a new early-onset pediatric caseJanuary 2012

the Q565E WNK4 mutation. J Clin Endocrinol 
Metab 2004;89:4025–30.

16. Lifton RP, Gharavi AG, Geller DS. Molecular 
mechanisms of human hypertension. Cell 
2001;104:545–56.

17. Jiang Y, Ferguson WB, Peng J-B. WNK4 

enhances TRPV5-mediated calcium transport: 
potential role in hypercalciuria of familial 
hyperkalemic hypertension caused by gene 
mutation of WNK4. Am J Physiol Renal Physiol 
2007;292:F545–54. 


