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Abstract

Hyponatremic hypertensive syndrome is characterized by hypertension, hyponatremia, and hypokalemia due to unilateral renal
artery stenosis. We herein report a |-year-old hyponatremic hypertensive syndrome infant without persistent hypertension
in the acute phase. On the ninth hospital day, his systolic and diastolic blood pressure increased up to 154-160 and 70-
84 mmHg, respectively. Acute gastroenteritis and dehydration might transiently mask his hypertension. By percutaneous
transluminal balloon angioplasty for right renal artery, his blood pressure finally normalized without antihypertensive drugs.
We reviewed 23 previously reported pediatric patients with hyponatremic hypertensive syndrome under the age of 15years.
Including our patient, there are only three reports on hyponatremic hypertensive syndrome without persistent hypertension
in the acute phase. Hyponatremic hypertensive syndrome is curable with proper diagnosis and timely intervention. Therefore,
pediatricians should pay attention to the signs and symptoms associated with hyponatremic hypertensive syndrome, even if
persistent hypertension was absent in the acute phase.
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Introduction was 3084 g (+0.21 standard deviation (SD), 50-75th percen-
tile in Japan), body length was 50cm (+0.48 SD, 50-75th
’ \ ’ percentile in Japan), and head circumference was 33.0cm
first namgd by Brown et. al. in 1965, is characterlzeq by (—0.27 SD, 25-50th percentile in Japan). Phototherapy was
hypertension, hyponatrfamla, and hypokalemla due to unlla.t- performed due to jaundice at 1, 2, and 4 days of age. Poor
eral renal artery. stenosis or othe? kldney dlsc?ases.l .By TN weight gain was noticed during health examination at 3—4
release from kidney on sten(?51§ side, remn—angwtsensm— and 67 months. He had fever 4 days before admission. The
aldosterone system (R‘A.‘AS) is increased. Acceler.atlon of  hext day after fever onset, he was taken to a local physician
RAAS causes hypertenswn, glom.erula.r hyp er-ﬂltratlon lead- because of vomiting and referred to our hospital. At 2, 3, and
ng t? proteinuria, and pressure diuresis leading to hyppna- 5 days after fever onset, drip infusion therapy was repeatedly
tremia from the healthy side kidney.? In adults, HHS patients
with renal artery stenosis are not so rare,® but reports involv-
ing children are few.* We report herein a 1-year-old HHS 'Department of Pediatrics, Showa University School of Medicine, Tokyo,

infant without remarkable hypertension in the acute phase. Japan
2Children’s Medical Center, Showa University Koto Toyosu Hospital,
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Hyponatremic hypertensive syndrome (HHS), which was

The patient was a 12-month-old boy who was the first child .
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allergy requiring elimination. He was delivered spontane- Hospital, 5-1-38 Toyosu, Koto-ku, Tokyo 135-8577, Japan.
ously at 40 weeks and 2 days of gestation. His birth weight Email: yoshifusa@med.showa-u.ac.jp
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performed at the outpatient service without dramatic improve-
ment. Hence, he was finally admitted to our hospital.

On admission, his height was 73c¢m (—0.77 SD, 10-25th
percentile in Japan), his body weight was 7.3 kg, which was
6% lower than the pre-illness weight 7.8kg (—1.3 SD, 3—10th
percentile in Japan), body temperature, 37.0°C; heart rate,
124 bpm,; respiratory rate, 42/min; and systolic blood pressure,
124mmHg (=95th percentile + 12mmHg). It did not persist
and spontaneously decreased and his systolic blood pressure
was around 90th percentile until the eighth hospital day even
after correction of dehydration, as shown in Table 1. Facial
skin showed pallor, and enophthalmos was present, indicating
dehydration. Hematological values were as follows: white
blood cell count, 5600/uL; hemoglobin, 15.5 g/dL; and plate-
let, 9.4 X 10%uL. Blood chemistry and serologic findings
were as follows: total protein, 7.3 g/dL; albumin, 4.7 g/dL;
total bilirubin, 2.0mg/dL; urea nitrogen, 19.7mg/dL; creati-
nine, 0.29 mg/dL; uric acid, 9.3 mg/dL; aspartate aminotrans-
ferase, 69U/L; alanine aminotransferase, 26U/L; lactic
dehydrogenase, 767 U/L; creatine kinase, 117U/L; sodium,
127mEq/L; potassium, 3.3 mEq/L; chloride, 85.2mEq/L; glu-
cose, 55mg/dL; and C-reactive protein, 0.09 mg/dL. Venous
blood gas analysis showed the following: pH, 7.456; pCO,,
28.9mmHg; pO,, 39.7mmHg; HCO;, 19.9mmol/L; base
excess, —2.6mmol/L; anion gap, 18.8 mmol/L; and lactate,
2.6mmol/L. Urinalysis revealed a 2+ test for urine protein,
2+ for occult blood, and 1+ for ketone, but negative for urine
sugar. Urinary -2 microglobulin was 1086 ug/L (normal:
<250ug/L); a-1 microglobulin, 10.6 pg/mL (normal: <5 pg/
mL); and N-acetyl-B-p-glucosaminidase (NAG), 13.2U/L
(normal: =<5U/L). Fractional excretion of sodium (FENa) and
potassium (FEK) were 3.8% and 27.9%, respectively.
Ultrasonographic study of the kidneys showed a difference in
long axis diameter, where right and left was 4.7 and 6.7cm,
respectively. Echocardiography on 33th day of admission
showed pulmonary hypertension, left ventricular hypertrophy,
and cardiomegaly. Left ventricular mass index (LVMI) was
112.5 g/m? and left ventricular ejection fraction was 85%.

Hypoglycemia was treated with intravenous 12mL of 10%
glucose. Fluid therapy with isotonic solution was performed.
At 12h after admission, the amount of drip infusion was about
450 mL. His body temperature was 37.5°C; heart rate, 118 bpm,;
and respiratory rate, 28breath/min. Assessed by blood gas
analysis sample, sodium and potassium levels decreased to
122.8 and 2.72mEq/L, respectively. Urinary osmolality was
327mOsm/kg. To avoid further lowering of sodium level, syn-
drome of inappropriate secretion of antidiuretic hormone
(SIADH) was taken into consideration. Hence, fluid intake was
restricted. Approximately 30h later, sodium improved to
135.7mEq/L. Hypokalemia improved by 5.75mEqg/kg/day of
potassium oral administration. On the sixth hospital day, pre-
illness weight was achieved. Until the eighth hospital day, sys-
tolic blood pressure and urine volume were 100—116 mmHg
and 278-1165mL/day, respectively. On the ninth hospital day,
it was revealed that he had no ophthalmologic complication
such as cataract or coloboma associated with renal tubular

dysfunction. Those were screened by an ophthalmologist using
mydriatic agent. In the afternoon, his blood pressure suddenly
elevated. Systolic and diastolic pressures were 154-160 and
70-84mmHg, respectively. Urine volume increased to
2290ml/day. To investigate electrolyte and endocrinological
problems, renin and aldosterone values were measured. Plasma
renin activity (PRA) was 66.6ng/mL/h (normal: 0.2-3.9ng/
mL/h) and plasma aldosterone level was 1112 pg/mL (normal:
35.7-240.0 pg/mL) on the second day of hospitalization.

As shown in Figure 1(a), the diuretic renogram showed
right kidney dysfunction. Contrast computed tomography did
not detect renal artery stenosis (Figure 1(b)), but selective angi-
ography revealed right renal artery stenosis at 2/3 of the site
from aorta to branch (Figure 1(c)); the stenosis ratio was 99%,
indicating that it led to increased plasma renin and aldosterone
levels and hypertension. Brain magnetic resonance imaging
(MRI) and MR angiography showed no other vascular lesion.
As shown in Figure 1(d), continuous intravenous infusion of
nicardipine and oral administration of doxazosin were required
to manage hypertension. We also added oral administration of
furosemide, spironolactone, and carvedilol for myocardial
hypertrophy and tachycardia. He needed intravenous nicardi-
pine up to 10.5 pg/kg/min. It was finally switched to oral use.

On the 65th hospital day, percutancous transluminal bal-
loon angioplasty (PTA) for right renal artery was performed.
After PTA, proteinuria disappeared on 84th hospital day.
Increased PRA (19.3-320.3ng/mL/h) and plasma aldoster-
one level (2188.8-4518.0pg/mL) lasted up to 16 months of
age. Hence, doses of antihypertensive drugs were gradually
decreased. Intravenous nicardipine was stopped on 88th hos-
pital day (at the age of 15months). At the age of 22 months,
it was revealed that PRA and plasma aldosterone level were
within normal limits and there was no right renal artery
restenosis evaluated by angiography. At about 1year and
2 months post-catheter intervention (at the age of 2 years and
4 months), we finally stopped the prescription of all antihy-
pertensive drugs. His blood pressure was 110/60 mmHg;
height, 89.2cm (+0.28 SD, 50—75th percentile in Japan);
and body weight, 13.9kg (+1.23 SD, 75-90th percentile in
Japan). At the age of 2 years and 5 months, LVMI was 63.2 g/
m?. At the age of 2years and 8 months, his blood pressure
was 100/50 mmHg (<<90th percentile).

Discussion

Our patient had hypertension, hyponatremia, hypokalemia,
metabolic alkalosis, and proteinuria secondary to right renal
artery stenosis. Although his blood pressure was transiently
high on admission, subsequently he did not show remarkable
hypertension in acute phase.

Our patient had hypertension, hyponatremia, hypoka-
lemia, increased PRA, hyperaldosteronemia, proteinuria,
renal tubular dysfunction, and renal artery stenosis in the
right kidney. Urinary potassium level more than 20mEq/L
and FEK more than 7% suggested that hypokalemia was due
to renal loss. Urinary chloride level more than 15mEq/L
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Figure |. The imaging findings of our patient. (a) Diuresis renogram shows a high dysfunction of the right kidney. Red and green lines
show function of the left and right kidney, respectively. (b) Three-dimensional computed tomography angiography (3DCTA): right renal
artery stenosis. (c) Angiography: the right renal artery showed a stenosis at 2/3 of the site from the aorta to branch (white arrows). (d)
The clinical course after admission just before catheter therapy: hypertension appeared at day 9, which lasted after administration of
several anti-hypertension drugs. We examined the catheter angiography and found a right renal artery stenosis. He underwent balloon

catheterization for the stenosis of the renal artery to another hospital.

suggested chloride-resistant metabolic alkalosis involving
increased PRA and hyperaldosteronemia without volume
loss. These findings were consistent with HHS, although
SIADH was provisionally considered. Symptoms such as
vomiting, hypovolemia, and hyponatremia in our patient
mimicked gastroenteritis with dehydration, which usually
involves metabolic acidosis. However, continuous alkalemia
is unlikely in gastroenteritis. Underlying alkalemia induced

by HHS might have masked metabolic acidosis. Hence,
hyponatremia, hypokalemia, and alkalemia are clues to diag-
nosing HHS in our patient.

To the best of our knowledge, there are 23 previously
reported pediatric patients with HHS under the age of
15 years, excluding causes such as tumor or Takayasu dis-
ease (Table 2).24%20 Including our patient, the male-to-
female ratio was 9:15. The average age of onset was 3 years
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Figure 2. The rate of clinical findings of our patient and those
in the literature. We defined hyponatremia as serum sodium
of <135mEg/L, whereas hypokalemia was serum potassium of
3.5mEq/L.

(range: 14 days—12 years). Among these patients, HHS was
associated with umbilical arterial catheter insertion in three
neonatal patients.!*!° The rates of clinical findings are
shown in Figure 2. All patients presented with an electrolyte
abnormality, such as hyponatremia or hypokalemia.
Alkalemia or alkalosis was indicated in eight patients.
Regarding urinalysis, our patient had hematuria, proteinu-
ria, and renal tubular injury. As shown in Table 2, including
our patient, proteinuria and hematuria are shown in 17 and
6 patients, respectively. Renal tubular injury was manifested
by five patients, including our patient. Hypertension is
likely to induce hyperfiltration leading to proteinuria,
endothelial injury, and renal tubular injury. Affected kidney
was the right in 10 patients and the left in 14. In our patient,
it is likely that the right renal artery stenosis led to renovas-
cular hypertension and diuresis of the left kidney. As men-
tioned previously, HHS patients may have varying clinical
features of biochemical values, urinary findings, and/or
endocrinological findings.

Our patient transiently showed hypertension on admis-
sion. At that time, it was assumed that his crying affected it,
because it spontaneously decreased in the next day.
Subsequently, he did not show remarkable hypertension.
His blood pressure was around 90th percentile until the
eighth hospital day, making the diagnosis of HHS difficult.
It is unclear that hypertension did not persist in acute phase
in present patient, while mydriatic agent used on ninth hos-
pital day to screen ophthalmologic complication probably
triggered it. There are only two reports on HHS without
remarkable hypertension in acute phase, excluding neonatal
patients, in whom HHS was iatrogenically induced.!'>2° All
cases showed hypovolemia, weight loss, or hyponatremia,
and severe hypertension occurred after fluid replacement.
Our patient had fever, vomiting, and weight loss before
admission. Acute gastroenteritis and dehydration might
have masked his hypertension transiently. After PTA,
increased PRA and plasma aldosterone level lasted, whereas

proteinuria immediately improved. Hence, doses of antihy-
pertensive drugs were gradually decreased. These findings
indicate that he immediately recovered from HHS by PTA,
but it took time to improve endocrinological abnormality-
associated renovascular disease.

Renal artery hypertension causing HHS is difficult to
treat with antihypertensives only. To treat hypertension, 20
patients, including our patient, needed interventions such as
PTA, stenting, and/or nephrectomy. Except for one patient,
these interventions were successful.

Conclusion

HHS is curable with proper diagnosis and timely interven-
tion. Therefore, pediatricians should pay attention to the
signs and symptoms associated with HHS, such as alkalosis,
hyponatremia, and hypertension, even if remarkable hyper-
tension does not persist during initial presentation.
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