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Age	  of	  onset:	  	  
Biochemical	  abnormali-es	  

•  diagnosis	  as	  adult	  does	  not	  exclude	  earlier	  
presence	  of	  biochemical	  abnormali-es	  

•  seen	  as	  early	  as	  (premature)	  neonates	  
Tammaro	  et	  al,	  Pediatr	  Nephrol.	  2010	  Oct;25(10):2179-‐82	  

•  Normal	  biochemistries	  aged	  2	  years	  in	  
affected	  pa-ent	  documented	  
Riveira-‐Munoz,	  JASN	  18:1271-‐1283	  	  

•  Hypomagnesaemia	  may	  develop	  later	  than	  
hypokalaemic	  alkalosis	  
Tammaro	  et	  al,	  Pediatr	  Nephrol.	  2010	  Oct;25(10):2179-‐82	  
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Tammaro	  et	  al	  

pain, and vomiting) before school age. As a consequence,
the condition is generally not diagnosed until late childhood
or even adulthood [1–4].

We report on four Gitelman patients, two pairs of
prematurely born twins, in whom hypokalemia was
demonstrated very early in life.

Case reports

Family A

This pair of male twins was born after 28 weeks of
gestation to a mother with a monochorionic, monoamniotic
placenta, twin-to-twin transfusion, and normal level of
amniotic fluid.

The first twin (patient A-1) was born with a body weight of
0.655 kg. He presented with severe respiratory distress
syndrome, severe anemia, periventricular white matter injury,
and signs of neonatal infection and was treated with mechanical
ventilation, red blood cell transfusion, and various antimicro-
bials (ampicillin, aminoglycosides, vancomycin and third
generation cephalosporins). Following an initial, mild, and
self-remitting tendency to hyperkalemia (elevation 6.1 mmol/l;
Fig. 1, left panel), mild hyponatremia (129 mmol/l) and
hypokalemia (3.4 mmol/l) were first observed at age 17 days.
However, the tendency towards hypokalemia (and hypo-
natremia) persisted despite supplementation with potassium
chloride (up to 9.0 mmol/kg body weight daily). Both
plasma renin activity (7.9 ng/ml h; institutional reference
values 0.2–2.7 ng/ml h) and aldosterone (520 ng/l; reference
50–150 ng/l) were subsequently found to be increased.
Findings on the renal echography were normal.

At the age of 2 years, normal blood pressure, persisting
hypokalemia (3.1 mmol/l), inappropriately high urinary
potassium (fractional excretion 72.1×10−2; reference:
≤15.0×10−2) and chloride (fractional excretion 2.65×10−2;
reference ≤1.00×10−2) excretion, hyperreninemia (3,200 ng/l;
institutional reference value 150–300 ng/l), hyper-

aldosteronism (270 ng/l) and hypocalciuria (urinary calcium/
creatinine ratio <0.01 mol/mol) were noted. The subsequent
follow-up (Fig. 1, right panel) confirmed the tendency
towards chronic hypokalemia and revealed the development
of hypomagnesemia from the age of 41 months (Fig. 2).

The second twin (patient A-2), who was born with a
weight of 1.410 kg, developed a mild respiratory distress
syndrome and signs of neonatal infection. He was treated
with ampicillin, aminoglycosides, and a third generation
cephalosporin. Hypokalemia (2.8 mmol/l), hypochloremia
(85 mmol/l), hyperreninemia (plasma renin activity
> 50 ng/ml h) and hyperaldosteronism (1,506 ng/l) were
first observed during the third week of life (Fig. 1, left
panel). Normal blood pressure, persisting mild hypokalemia
(3.4 mmol/l), hypocalciuria (urinary calcium/creatinine
ratio <0.03 mol/mol), an inappropriately high urinary
potassium (fractional excretion 41.9×10−2) and chloride
(fractional excretion 3.06×10−2) excretion, hyperreninemia
(1,190 ng/l), and hyperaldosteronism (226 ng/l) were noted
at the age of 2 years. The findings on the renal echography
were normal. The subsequent follow-up (Fig. 1, right panel)
confirmed the tendency towards chronic hypokalemia and
demonstrated the development of hypomagnesemia from
the age of 4 years (Fig. 2).

At that time, both children were put on a treatment with
indomethacin. The plasma potassium values subsequently
ranged between 2.5 and 3.8 mmol/l in both children (Fig. 1,
right panel). At last follow-up, the children were 7.5 years
old. They were being treated with potassium chloride,
1.0 mmol/kg body weight daily, sodium chloride,
1.0 mmol/kg body weight daily, and indomethacin,
0.7 mg/kg body weight daily. Their weight and height Z
score were −1.59 and −3.17 for the first twin and +0.63 and
−0.55 for the second twin, respectively.

Family B

This pair of female twins was born after 34 weeks of
gestation to a mother affected by pre-eclampsia with a
monochorionic, diamniotic placenta and normal level of
amniotic fluid.
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Fig. 1 Plasma potassium levels in two pairs of prematurely born
twins (A-1/A-2 and B-1/B-2, respectively) with Gitelman syndrome.
Shaded frame Reference values

0.50

0.60

0.70

0.80

0.90

Age (years)

Patient A-1
Patient A-2

Patient B-2
Patient B-1

1 3 752 4 60

Fig. 2 Total plasma magnesium levels in two pairs of prematurely
born twins with Gitelman syndrome. Shaded frame Reference values
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Age	  of	  onset:	  
symptoms	  

•  As	  most	  pa-ents	  present	  school	  age	  or	  later:	  
symptoms	  typically	  develop	  that	  age?	  

•  Youngest	  age	  with	  reported	  symptoms:	  5	  
months:	  ventricular	  arrhythmia	  	  
Cortesi	  et	  al,	  Nephrol	  Dial	  Transplant	  2005;	  20:	  1981-‐1983	  	  

•  Other	  reports:	  around	  2	  years	  of	  age:	  growth	  
delay,	  hypotonia,	  dysesthesia,	  abdominal	  pain	  
Riveira-‐Munoz,	  JASN	  18:1271-‐1283	  ,	  Vargas-‐Poussou	  JASN	  22:693-‐703	  	  
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Spectrum	  of	  symptoms:	  children	  
•  Most	  common	  in	  German	  and	  Belgian	  cohort:	  
carpopedal	  spasm	  and	  growth	  delay	  
Peters	  et	  al:	  American	  journal	  of	  medicine	  112:183-‐190.	  
Vargas-‐Poussou	  JASN	  22:693-‐703	  	  

•  In	  Spanish	  cohort:	  71%	  report	  symptoms,	  such	  as	  
muscle	  cramps,	  asthenia,	  muscle	  weakness	  and	  
myalgias.	  	  
Herrero-‐Morin,	  NDT	  26:151-‐155	  	  

•  Of	  these,	  88%	  stated	  that	  symptoms	  did	  not	  interfere	  
with	  	  mood	  or	  social	  rela-onship	  

•  Rhabdomyolysis,	  cardiac	  arrhythmia:	  rare	  and	  not	  
always	  with	  gene-c	  confirma-on	  
von	  Vigier,	  Pediatric	  nephrology	  25:861-‐866	  	  
Zanolari	  et	  al	  :Nephron	  91:762-‐763	  	  
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Spectrum	  of	  symptoms:	  adults	  

•  American	  cohort:	  80%	  repor-ng	  fa-gue,	  
dizziness,	  cramps	  and	  score	  lower	  than	  
	  controls	  on	  QOL	  
Cruz	  et	  al:	  Kidney	  interna-onal	  59:710-‐717	  .	  

•  Italian	  cohort:	  17%	  report	  their	  symptoms	  as	  
“debilita-ng”	  
Caiata-‐Zufferey,	  NDT	  27:3196-‐3201.	  	  	  

•  Other	  reported	  symptoms:	  arthralgia,	  
polyuria/polydipsia,	  enuresis,	  cons-pa-on,	  
vomi-ng,	  paresthesias,	  palpita-ons,	  paralysis	  

KDIGO



Paediatric	  specific	  symptoms	  

Growth	  retarda-on:	  	  
•  Growth	  	  delay	  (oien	  with	  pubertal	  delay)	  is	  
recurrently	  reported	  

•  In	  one	  cohort,	  3/25	  pa-ents	  are	  reported	  to	  
have	  “final	  short	  stature”	  (<3rd	  %ile)	  

	  	  	  	  	  	  	  	  Riveira-‐Munoz,	  JASN	  18:1271-‐1283	  	  KDIGO



Adult	  specific	  symptoms	  

Chondrocalcinosis:	  
•  Ca	  Pyrophosphate	  crystal	  deposi-on	  in	  joints	  
and/or	  sclerae	  

•  ?related	  to	  hypomagnsaemia	  
•  Dx	  by	  biopsy	  or	  radiography	  
•  Can	  lead	  to	  arthropathy	  mimicking	  gout,	  
ankylosing	  spondyli-s/crowned	  dens	  
syndrome	  
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Adult	  specific	  symptoms	  

•  Debilita-ng	  illness?	  

•  Polyuria/polydipsia?	  

KDIGO



Variability:	  Biochemical	  abnormali-es	  

value	   Vargas-‐
Poussou	  JASN	  
22:693-‐703	  
	  
	  
range	  	  

Peters	  et	  al:	  
American	  
journal	  of	  
medicine	  
112:183-‐190	  
2SD	  

Riveira-‐Munoz,	  
JASN	  
18:1271-‐1283	  	  
	  
	  
?	  

Herrero-‐Morin,	  
NDT	  
26:151-‐155	  	  
	  
	  
?	  

K	  [mmol/l]	   1.3-‐3.5	   2.3-‐3.1	   2.2-‐2.7	   2.3-‐3.2	  

Cl	  [mmol/l]	   91-‐102	   ?	   ?	   ?	  

TCO2	  [mmol/l]	   24-‐33	   ?	   30.6-‐32.5	   25.3-‐31.1	  

Mg	  [mmol/l]	   0.34-‐0.84	   0.35-‐0.75	   0.44-‐0.56	   0.42-‐0.64	  

Urine	  osm	  
[mosmol/kg]	  

?	   600-‐900	   ?	   ?	  

Urine	  Ca	   0.01-‐0.29	  (Ca/
Crea	  ?unit)	  

0-‐3	  mg/kg/d	   0.028-‐0.086	  
Ca/Crea	  mg/mg	  

0-‐0.07	  
Ca/Crea	  mg/mg	  
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Inter-‐individual	  variability	  of	  symptoms	  Cruz et al: Symptoms and QOL in GS 713

Table 3. Prevalence of symptoms in Gitelman’s syndromeStatistical analysis
Gitelman’sThe data are presented as mean ! SD, unless other-
syndrome Controlswise stated, or as percentages, where appropriate. QOL

% Pscores and symptoms in the GS and control groups were
Generalcompared using Student t test for continuous variables,

Fatigue 82 68 0.172and chi square for categorical variables, with two-tailed Dizziness 80 40 0.0005
P values. A similar analysis was performed comparing Fainting 34 0 0.0009

Musculoskeletalmale and female GS patients.
Generalized weakness 44.2 0 "0.00001The relationship between laboratory values (serum Muscle weakness 70 4 "0.00001

potassium, magnesium, and bicarbonate) and QOL was Cramps 84 40 0.0001
Carpopedal spasm/tetanya 11.7 NA NAexplored utilizing the Pearson correlation coefficient.
Muscle stiffness or pain 52 28 0.048In addition, GS patients were grouped into tertiles of Paralysisa 6 NA NA

serum potassium, magnesium, and bicarbonate levels. Arthralgia 54 36 0.141
RenalThe QOL scores of lowest and highest tertile groups

Nocturia 80 24 "0.00001for each of these laboratory parameters were compared Polydipsia 64.6 36 0.066
using the Student t test. To determine whether GS pa- Polyuria 50 16 0.004

Thirst 76 12 "0.00001tients with more severe degrees of hypokalemia/hypo-
Enuresis 11.9 4 0.273magnesemia/metabolic alkalosis are more symptomatic Salt craving 90b 20 "0.00001

than other GS patients, symptom prevalence between Hypotension 62 12 0.00004
Gastrointestinalcthe lowest and highest tertile groups of laboratory values

Vomiting 8 NA NAwere compared using chi square analysis. Constipation 16 NA NA
Abdominal pain 16 NA NACalculations were performed using SPSS 6.1 for Mac-

Paresthesias 78 20 "0.00001intosh (SPSS Inc, Chicago, IL, USA). A P value of " 0.05
Palpitations 62 24 0.002

was considered statistically significant.
NA is not applicable.
a As indicated by referring physician (Methods section)
b Noted as an adult 90%; noted as a child 87.8%
c Patients were asked if they experienced these symptoms when they had lowRESULTS

potassium and/or magnesium levels, therefore not applicable to controls
Symptoms

The prevalence of symptoms in this study is shown in
Table 3. GS patients were more symptomatic than the the frequency and severity of the fatigue were worse in
controls for most complaints. Prevalence rates are based the GS patients. In terms of frequency, 22% of patients
on the questionnaire, with the exception of carpopedal suffer from fatigue “all of the time,” while none of the
spasm, tetany, and paralysis, which are specific medical controls did so. In terms of severity, many GS patients
diagnoses and therefore based solely on physician re- also rated their fatigue as a “big problem,” while none
porting. The most common symptoms were salt craving, of the controls did this. Over half of the GS subjects
musculoskeletal symptoms such as cramps, muscle weak- suffered from joint pains, however, this was not signifi-
ness, and pain, generalized weakness, and dizziness. cantly different from controls. Joint pains in GS patients

affected mostly affecting the hands/fingers (25%) or kneesMusculoskeletal (22%). Although chondrocalcinosis has been reported
The overall prevalence of cramps among our cohort to occur in patients with GS [36–38], none of the current

of GS patients is 84%. Among these patients, approxi- cohort had this condition.
mately half experience these muscle cramps frequently, Sixty-five percent of GS patients interviewed for this
most commonly involving the legs and arms. Thirty-two study had been brought to the emergency room (ER) for
percent of GS patients describe their cramps as being their symptoms. The most common symptoms prompting
“moderate to very severe” in intensity. These cramps ER visits were cramps, generalized weakness, muscle
most commonly occur at night (26% of patients) or with paralysis, and vomiting. Of these patients, up to 82%
moderate physical activity (17%), although there is no had received intravenous potassium and/or magnesium
apparent precipitating factor in 33% of subjects. Simi- at least once for their symptoms. Between 16 and 18%
larly, muscle weakness affects mainly the legs (33%) and of our interviewed subjects had been to the ER five or
arms (16%), but many patients describe a “generalized” more times for intravenous potassium and/or magnesium
weakness. Three patients have presented with muscle therapy. The four most severely affected patients de-
paralysis at the time of diagnosis. Although the overall scribed the following: going to the ER once a week for
prevalence of fatigue was not significantly different be- intravenous magnesium for “many” years (N # 1), going

to the ER for intravenous potassium and/or magnesiumtween GS patients and control subjects (Table 3), both

KDIGO



Intra-‐individual	  variability	  of	  symptoms	  

•  Symptoms	  may	  worsen	  with	  menses	  
	  Cruz	  et	  al:	  Kidney	  interna-onal	  59:710-‐717	  
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Percep-on	  of	  symptoms	  

Pa-ents	  categorised	  as:	  
•  Disabling	  illness	  
•  Normalised	  illness	  
•  Different	  normality	  
•  Episodic	  disability	  
Caiata-‐Zufferey	  et	  al.	  NDT,	  27:3196-‐3201	  	  KDIGO



Summary	  

•  Wide	  range	  in	  age	  of	  onset	  of	  symptoms/
diagnosis	  

•  Wide	  range	  in	  (?perceived)	  severity	  of	  illness	  
•  ?ascertainment	  bias	  (only	  symptoma-c	  
pa-ents	  are	  diagnosed)	  KDIGO




