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Abstract

Background: The biochemical hallmarks of transient pseudo-hypoaldosteronism associated with a pyelonephritis
include hyponatremia, hyperkalemia, and acidosis. We tested if the kidney-urinary tract ultrasound helps in
predicting the diagnosis of overt pseudo-hypoaldosteronism in infants with a pyelonephritis.

Cases presentation: Between 2013 and 2020, we managed 71 previously healthy infants 4 weeks to 24 months of
age with a pyelonephritis (42 males and 29 females) and made the biochemical diagnosis of pseudo-
hypoaldosteronism in 17 (24%). Infants with and without pseudo-hypoaldosteronism did not significantly differ with
respect to the prevalence of kidney-urinary tract ultrasound abnormalities, graded by means of the UTD
classification system of urinary tract abnormalities.

Conclusions: Kidney-urinary tract ultrasound is almost routinely obtained in children with a febrile urinary tract
infection. Our experience does not support the hypothesis that ultrasound might be relevant for the diagnosis of
overt transient pseudo-hypoaldosteronism in babies affected by a urinary tract infection. Our data confirm the
assumption that negative studies may be important for advancing clinical practice.
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Introduction
Hyponatremia, hyperkalemia and acidosis are the dis-
tinctive biochemical manifestations of hypoaldosteron-
ism and overt pseudo-hypoaldosteronism [1, 2]. In
countries with a neonatal screening program for con-
genital adrenal hyperplasia, many babies who present
with the mentioned abnormalities are affected by transi-
ent secondary pseudo-hypoaldosteronism associated
with a severe urinary tract infection, sometimes associ-
ated with a dilating urinary tract malformation [3–6].

Therefore, in these cases, the recommended first diag-
nostic approach includes urine dipstick and culture test-
ing, together with kidney-urinary tract ultrasound [7].
The differential diagnosis is broad for infants without a

urinary tract infection and includes transient secondary
pseudohypoaldosteronism associated with a dilating urinary
tract malformation, primary pseudohypoaldosteronism (i.e. a
primary resistance to aldosterone), hypoaldosteronism,
adrenal insufficiency, and medication with drugs such as
renin-angiotensin-aldosterone system inhibitors, β-blockers,
potassium-sparing diuretics, trimethoprim (mostly combined
with sulfamethoxazole) and non-steroidal anti-inflammatory
drugs [3–8].
In babies with a urinary tract infection, secondary

pseudo-hypoaldosteronism represents a temporary kidney
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tubular under-responsiveness to aldosterone, which is
likely brought about by an inflammatory storm within the
kidney [1, 3–6]. Preliminary data also postulate the exist-
ence of a genetic predisposition in some cases [2].
We speculated that kidney-urinary tract ultrasound

might help in further supporting the diagnosis of overt
pseudo-hypoaldosteronism. Hereby we present our
experience.

Patients and methods
Between 2013 and 2020, at the Pediatric Emergency
Department of the Fondazione IRCCS Ca′ Granda
Ospedale Maggiore Policlinico, Milan, Italy, we managed
71 previously healthy infants (42 males and 29 females)
4 weeks to 24 months of age with: 1. an acute urinary
tract infection; 2. features consistent with a pyeloneph-
ritis: fever (often associated with poor feeding and regur-
gitations) and at least two of either C-reactive protein
≥9mg/L (immunoturbidimetry), blood cell count (auto-
mated cell counter) revealing an increased total white
cell count or an increased neutrophil band-cell count; 3.
assessment of sodium, potassium, chloride, acid-base
balance (direct potentiometry), creatinine (picric acid
assay) and urea (urease assay) in blood; and 4. a kidney-
urinary tract ultrasound performed by a sonographer ≤3
days after diagnosis [9].
We made the diagnosis of overt transient pseudo-

hypoaldosteronism in cases with at least two of the fol-
lowing three laboratory abnormalities [9]: hyponatremia
(sodium < 135mmol/L), hyperkalemia (potassium > 5.4
mmol/L), and non-gap metabolic acidosis (pH < 7.38, bi-
carbonate < 20mmol/L, and difference between sodium
and sum of chloride plus bicarbonate < 11 mmol/L).
Hyponatremia was classified as mild-moderate (125–
134 mmol/L) or severe (< 125 mmol/L), hyperkalemia as
mild-moderate (5.5–7.0 mmol/L) or severe (> 7.0 mmol/
L), and metabolic acidosis as mild-moderate (bicarbon-
ate 10–19mmol/L) or severe (bicarbonate < 10mmol/L).
The abnormalities detected by means of the kidney-

urinary tract ultrasound were classified by means of the
UTD classification system of urinary tract dilation [10]:
stage 1 (normal urinary tract with anterior posterior
renal pelvic diameter 10 to < 15 mm and/or central caly-
ceal dilation); stage 2 (anterior posterior kidney pelvic
diameter ≥ 15mm or peripheral calyceal dilation); stage
3 (additional ureteral dilation, abnormal kidney echo-
genicity or cysts, or bladder abnormalities regardless of
anterior posterior kidney pelvic diameter measurement);
and stage 4 (kidney swelling). The remaining cases were
classified as normal.
Categorical data are presented as counts and percent-

ages and were analyzed using the Fisher exact test. Con-
tinuous data are shown as medians and interquartile
ranges and were compared using the Mann-Whitney-

Wilcoxon test. Statistical significance was defined by
two-sided P-values of < 0.05.

Results
Using the aforementioned biochemical criteria, we made
the presumptive diagnosis of secondary pseudo-
hypoaldosteronism in 17 febrile children presenting
with: hyponatremia, hyperkalemia and acidosis (four in-
fants); hyponatremia and acidosis (eight infants), and
hyponatremia and hyperkalemia (in the remaining five
infants). Hyponatremia, hyperkalemia and acidosis were
never severe (Table 1).
Infants without and with the presumptive diagnosis of

pseudo-hypoaldosteronism did not significantly differ
with respect to female to male ratio, age, blood cell
count, C-reactive protein, creatinine and urea levels.
Also, the prevalence of ultrasound abnormalities was
similar in subjects without and with pseudo-
hypoaldosteronism.

Discussion
Transient secondary pseudohypoaldosteronism is trad-
itionally considered a very rare condition, which is in-
cluded in Orphanet with the ORPHAcode 93,164. The
present data confirm that electrolyte or acid-base distur-
bances consistent with the diagnosis of overt transient
pseudo-hypoaldosteronism are rather common at the
onset of infantile pyelonephritis [1, 6, 8, 9]. On the other
hand, our results point out that the kidney-urinary tract
ultrasound is usually unaltered and therefore of little, if
any, value with respect to the presumptive diagnosis of
pseudo-hypoaldosteronism.
Pediatric hospitalists consider that the association be-

tween acute pyelonephritis and temporary poor responsive-
ness to aldosterone is very uncommon and feel comfortable
with this diagnosis exclusively if the diagnostic work-up
also includes the assessment of urinary electrolytes and
even laborious tests such as renin, aldosterone, cortisol and
17-hydroxyprogesteron, whose laboratory turnaround time
is generally several days [2, 3, 9]. On the other hand, the lit-
erature points out that the vast majority of bacterial infec-
tions that involve the kidney parenchyma result in a poor
tubular responsiveness to aldosterone with decreased potas-
sium and excessive sodium excretion [5]. In most cases, no
electrolyte or acid-base imbalance is demonstrated [5]. In
many cases, however, there is a tendency towards mild-
moderate hyponatremia, hyperkalemia or acidosis [5, 6, 8,
9]. Finally, in a minority of cases, hyponatremia, hyperkale-
mia or acidosis may be severe and associated among others
with distinctive electrocardiographic abnormalities [1–3].
It is widely acknowledged that acute diarrhea predis-

poses to acidosis and hypokalemia [11]. On the other
hand, vomiting is often followed by alkalosis and
hypokalemia [12]. Finally, respiratory tract infections are
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often linked with isolated hyponatremia [11]. On the
contrary, the association between infantile pyelonephritis
and poor tubular responsiveness to aldosterone with
subsequent tendency to the aforementioned disturbances
is less recognized. Wider awareness of this association
would result in early identification and treatment.

Conclusions
Kidney-urinary tract ultrasound is almost routinely ob-
tained in children with a febrile urinary tract infection.
This experience does not support the hypothesis that
ultrasound might be relevant for the diagnosis of overt
transient pseudo-hypoaldosteronism in babies affected
by a urinary tract infection. Our data confirm the as-
sumption that negative studies may be important for ad-
vancing clinical practice.
It is high time for pediatric hospitalists to overcome

their hesitancy in considering transient pseudo-
hypoaldosteronism owing to the long-held notion of its
rarity. Antimicrobial treatment and especially fluid resus-
citation with an isotonic solution rapidly restore the acid-
base and electrolyte imbalance, thereby further confirming
the diagnosis of transient pseudo-hypoaldosteronism.
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