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 Abstract
 Context. Diabetes insipidus (DI) is rare in the 
neonatal period but of great importance due to increased 
renal risk and mental retardation despite treatment. 
 Objective. This report describes the case of a patient 
with congenital nephrogenic diabetes insipidus (NDI). 
Detection of this pathology during the neonatal period, 
especially in premature newborns, is difficult because of the 
electrolyte variations that occur as a result of the immature 
kidney function. 
 Subjects and methods. The subject was a preterm 
infant with very low birth weight (VLBW) and persistent 
hypernatremic hyperosmolarity that developed polyuria and 
polydipsia in the first weeks of life. 
 Results. Taking into account blood and urine 
laboratory tests, vasopressin levels, as well as family 
history, the infant was diagnosed with congenital NDI. 
Early treatment allowed a good development, proving 
that the prevention of long-term complications is possible 
through multidisciplinary care and frequent monitoring. The 
particularity of this case was the presence of persistently 
elevated presepsin levels. This association prompted the 
investigation into underlying renal hypernatremia. 
 Conclusions. NDI is a rare condition and the onset 
in the neonatal period is a sign of severity and hereditary 
causality. Early diagnosis, symptomatic treatment and 
multidisciplinary monitoring may decrease the risk of long-
term complications. 

 Key words: preterm infant, presepsin, nephrogenic 
diabetes insipidus.

INTRODUCTION

 Congenital nephrogenic diabetes insipidus 
(NDI) is a rare condition that associates polyuria and 
polydipsia as a result of the inability to concentrate 
urine despite normal or increased levels of antidiuretic 

hormone (ADH). Undiagnosed and thus untreated, 
NDI results in growth delay, while seizures caused by 
hypernatremic dehydration may lead to irreversible 
brain damage and cognitive deficit (1). However, some 
studies have shown that early diagnosis and treatment 
decrease the incidence of neurological damage (1-3). 
Hypernatremia presented by the preterm infants is most 
probably caused by dehydration, and it requires prompt 
and gradual treatment in order to prevent secondary 
brain damage (4). In our case, a male premature infant 
born to a hypertensive mother gradually developed renal 
failure. Following adequate treatment that improved the 
patient’s clinical status, desmopressin testing confirmed 
the diagnosis of NDI. Further treatment for the congenital 
disease assured normal weight and normal neurological 
examination for corrected age at 10 months of age.

CASE REPORT

 A male premature infant of 30 weeks gestational 
age (GA), weighing 1460 g, appropriate for GA, was 
delivered by emergency cesarean section because of an 
abnormal umbilical blood flow, having an Apgar score 
of 6/7.
 Maternal history: 28 years old, primigravida, 
primipara, smoker and undergoing pre-pregnancy 
hypertension treatment, developed worsening high 
blood pressure during pregnancy despite correct 
treatment. The mother’s grandfather had suffered from 
an untreated polyuro-polydipsic syndrome during 
childhood and associated mild intellectual disability 
and mental instability. 
 Evolution during hospitalization: at birth 
the newborn presented cyanosis, secondary apnea, 
hypotonia and required positive pressure ventilation 
(PPV) with a fraction of inspired oxygen (FiO

2
) of 0.4. 
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He was admitted in the neonatal intensive care unit 
(NICU) and placed in an incubator where he received 
oxygen by hood with an FiO

2
 of 40%, total parenteral 

nutrition (TPN) and prophylactic antibiotics. 
 From the second day of life (DOL), the infant 
developed mild abdominal distension and feeding 
intolerance associating bilious gastric residual volume 
(GRV). Based on the clinical status, abdominal X-ray 
appearance and maternal risk factors, intrauterine 
intestinal damage as an early start of necrotizing 
enterocolitis was suspected, which is often associated 
with renal decline. Treatment with low doses of 
dopamine (3 mcg/kg/min) in order to increase the 
mesenteric and renal perfusion was administered for 
eight days, with a favorable evolution. The newborn 
had lost about 8% of his initial birth weight (BW), 
regained by the 10th DOL.
 During the first three postnatal weeks, 
laboratory tests revealed persistent hypernatremia (148-
161.6 mEq/L), increased plasma osmolality (303.5-
328.8 mOsm/kg), hypercalcemia (11.9-14 mg/dL), 
hyperuremia (81-85 mg/dL) and increased creatinine 
levels (1.04-1.32 mg/dL) (Fig. 1).
 On the 10th DOL, the patient presented a 
febrile episode with a temperature of 38.5ºC and no 
other clinical findings. Laboratory tests revealed an 
inflammatory status most likely with an infectious 
origin, with C reactive protein (CRP) levels measuring 
3.9 mg/dL, procalcitonin (PCT) 4.9 ng/mL and 
presepsin (PSP) 975 pg/mL, while creatinine levels 
rose to 1.2 mg/dL. Considering the clinical context as 
well as the associated risk factors (NICU patient having 
a central venous catheter of over one week), sepsis 
was suspected. Therefore, antibiotic and antipyretic 
treatment consisting of intravenous Vancomycin and 
Fluconazole and rectal Paracetamol was initiated.
 In the second week of life, acute renal injury 
was confirmed based on elevated creatinine levels (1.32 
mg/dL) and decreased glomerular filtration rate (GFR, 
11.3 mL/min/1.73 m2), while PSP values increased to 
1647 ng/mL. 
 Serum creatinine levels had a remarkable 
evolution, starting from an initial value of 0.92 mg/dL 
in the first DOL, reaching 1.04 mg/dL and 1.2 mg/dL 
in the 7th and 10th DOL respectively and attaining the 
peak value of 1.32 mg/dL in the 14th DOL. Following 
treatment, creatinine values started to improve, 
dropping to 0.97 mg/dL and 0.86 mg/dL in the 21st and 
25th DOL respectively (Fig. 1).
 Gradually, the newborn’s weight became 
appropriate for age. The systemic inflammatory 

syndrome subsided and GFR values progressively 
increased to 20.6 mL/min/1.73 m2. Since elevated 
PSP levels (900 pg/dL) and hypernatremia (153.5-
173.5 mEq/L) persisted, further investigations 
were conducted. Results revealed increased plasma 
osmolality (333-356.4 mOsm/kg), hypercalcemia 
(11.4-14 mg/dL), low urine sodium (Na) levels (14-19 
mmol/L), low fractional excretion of Na (FENa, 0.96%) 
and urine osmolality below that of plasma, measuring 
107.8 mOsm/kg (Fig. 1). Renal and cranial ultrasounds 
showed no changes, and an X-ray examination of the 
sella turcica showed no abnormality. 
 In the sixth week of life, the patient developed 
a febrile syndrome that lasted for 18 days, associating 
irritability and an increased appetite. The urine output 
exceeded 5 mL/kg/h or 2 L/m2/24h, associating 
persistent hypernatremia and serum hyperosmolality 
(Fig. 1).
 Taking into account the onset of the polyuro-
polydipsic syndrome, the associated hypernatremia, 
hyperosmolar plasma and hypoosmolar urine, as 
well as family history, NDI was suspected (Fig. 2). 
Therefore, treatment with thiazide diuretics was 
commenced, consisting of Hydrochlorothiazide  
3 mg/kg/day divided into two doses with progressive 
decrease until normal plasma sodium and osmolality 
were reached and remission of polyuria and polydipsia 
were observed. After 10 days of treatment, Na levels 
dropped to 144 mEq/L, plasma osmolality reached 294 
mOsm/kg, urine output decreased to 4.5 mL/kg/h and 
nutritional intake was estimated at 150 mL/kg/day.
 At two months of life the patient was transferred 
in the pediatric ward for further investigations. 
Desmopressin testing was performed, proving that the 
kidney was insensitive to the action of vasopressin 
and thus confirming the diagnosis of NDI. Treatment 
with Indomethacin and Hydrochlorothiazide was 
administered along with enteral nutrition consisting of a 
low-calcium and vitamin D-free formula. Considerable 
improvement of the polyuro-polydipsic syndrome was 
observed, as well as normal levels of Na (143 mEq/L). 
 At 10 months of age, the patient had normal 
weight and normal neurological examination for 
corrected age.

DISCUSSION

 Three possible causes could have stood at the 
root of the renal symptoms that the preterm infant was 
suffering from: immaturity, nephrologic pathology and 
sepsis (Fig. 3).
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P<0.05 is considered as significant

Figure 1. Laboratory tests and possible diagnosis. DI - diabetes insipidus; AKI - acute kidney injury (red arrow); PSP - presepsin; CRP - C reactive 
protein; PCT - procalcitonin; GFR - glomerular filtration rate; FENa - fractional excretion of sodium. 
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 The polyuro-polydipsic syndrome was late-
onset, associating increased plasma sodium levels 
and high PSP values. Although clinical signs of 
hypernatremia are rare, early diagnosis and treatment 
are pivotal due to the increased risk of developing an 
intracranial hemorrhage (5, 6). The main etiopathogenic 
mechanisms of hypernatremia include an increased 
intake of Na, free water deficit or simultaneous loss of 
water and sodium (7). In our case, the patient did not 
receive intravenous electrolytes during the first 7 DOL 
in order to limit the risk of iatrogenic hypernatraemia in 
a preterm VLBW infant.                 

 Differential diagnosis of hypernatremia in 
preterm infants in the immediate postnatal period is 
difficult (8), and infants with very low birth weight 
(VLBW) are more prone to hypernatremic dehydration 
due to limited fluid intake, immature renal function 
and increased insensible losses caused by immaturity 
(4, 9, 10). Our patient received parenterally adjusted 
fluid intake depending on weight gain, which limited 
the physiological decrease in the first weeks of life to 
less than 10% of the birth weight. As a result, we could 
exclude dehydration caused by decreased fluid intake. 
Also, until the feeding tolerance was improved, the 
patient received TPN with 12 g/kg/day carbohydrates, 
4 g/kg/day amino acids and 3 g/kg/day lipids, ensuring 
an adequate caloric intake.
 Electrolyte imbalances and renal disorders 
that develop in this period can be attributed to sepsis-
associated acute kidney injury (AKI), intrauterine 
renal dysfunction caused by maternal risk factors 
including maternal high blood pressure and the use of 
nephrotoxic drugs (certain antibiotics, nonsteroidal anti-
inflammatory drugs), birth hypoxia, neonatal sepsis as 
well as renal immaturity (11). In NDI, the kidney’s ability 
to concentrate urine is affected as a result of resistance to 
antidiuretic hormone (ADH) associated with a decreased 
aquaporin-2 (AQP2) water channel expression in the 
collecting ducts (12-14). Preterm infants usually associate 
difficulties in retaining electrolytes and proteins due to 
the inability to concentrate urine, leading to the polyuric 
phase of AKI. Hypernatremia can cause mild fever and 
may be associated with moderate hypercalcemia and 
hyperglycemia, although the mechanism is not fully 
understood (6). Hypernatremia must be corrected as 
it increases the risk of brain damage and neurological 
sequelae especially in preterms (5, 6).
 In the absence of dehydration and increased 
sodium intake, loss of free water is usually suspected 
(15). In the case of isolated free water deficit, clinical 
signs are not always obvious since fluid losses are 
seen at a cellular level while the intravascular volume 
status is normal. In order to differentiate between 
free water deficit mechanisms, urine output, urine 
characteristics and FENa must be analyzed. Oliguria 
and hypersthenuria are present in extrarenal free water 
losses, while renal free water losses are associating 
polyuria and hyposthenuria. FENa is increased in the 
cases of sodium poisoning and renal losses caused 
by prematurity, while dehydration and DI associate 
decreased FENa values (4). As the free water deficit 
in the present case associated an increased urine output 
and low FENa levels, DI was suspected.

Figure 2. Hypernatremia differential diagnosis in the preterm infant.
MAP - mean arterial pressure; CF - cardiac frequency.

Figure 3. Renal dysfunction in prematurity. 
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 DI may be central, caused by a defective 
arginine-vasopressin (AVP) secretion, or nephrogenic, 
caused by failure of the kidney to appropriately 
respond to AVP (16). Differential diagnosis between 
these two entities is crucial for a correct treatment. 
Measuring ADH levels, water deprivation testing as 
well as evaluating the response to desmopressin acetate 
facilitate the differential diagnosis (6, 16, 17). The 
water deprivation test is not necessary if concomitant 
hypernatremia and hyposthenuria are present (6).
 NDI can be either congenital or acquired, and 
recognizing the etiology is necessary for appropriate 
treatment and prognosis. Congenital NDI is less 
common in children but cases are more severe and 
treatment is rather difficult (18). Most cases of 
inherited NDI develop as a result of a null mutation in 
the V2 vasopressin receptor (V2R) gene (16). Acquired 
NDI has a later onset and various risk factors that 
include metabolic imbalances such as hypercalcemia, 
hypokalemia (19), the use of certain medications 
like lithium, antibiotics, antineoplastic drugs (20) 
and sickle cell anemia (21). In our case, the mother 
underwent antihypertensive treatment with methyldopa 
during pregnancy. However, methyldopa has not been 
shown to have a negative impact on renal function of 
newborns. 
 Genetic NDI is more severe than the acquired 
form, becomes apparent in the first weeks of life, with 
polyuria and polydipsia dominating the clinical picture 
(2). Other clinical aspects include fever, vomiting, 
dehydration and even failure to thrive caused by non-
caloric fluid intake (18). Long-term complications 
include non-obstructive hydronephrosis, megacystis 
and hydroureter secondary to prolonged excessive fluid 
intake (22). 
 Severe early-onset symptoms associated with 
electrolyte imbalance and reduced kidney function 
together with positive family history, all suggested the 
diagnosis of NDI transmitted in an X-linked manner. 
X-linked NDI was later confirmed by genetic testing.
 
 Treatment
 Congenital NDI is difficult to treat. The goal 
of the treatment is to provide nutrition and caloric 
intake which ensure optimal growth. Dehydration 
and hypervolemia must be avoided while renal 
complications should be reduced to a minimum (18). 
Growth is improved while urine output is decreased 
when adopting a diet with an increased calorie to 
osmolality ratio associated with decreased Na intake 
(<1 mEq/kg/24 hours) (6). Current medication is 

symptomatic, involving thiazide diuretics which have a 
paradoxical effect on the renal function. Urine output is 
reduced by decreasing GFR and increasing Na excretion 
associated with proximal tubular reabsorption of Na 
and water. Indomethacin and amiloride amplify the 
thiazide’s effects in polyuria. Indomethacin decreases 
urine output and increases urine concentrating ability 
while amiloride maintains appropriate serum potassium 
levels (23, 24).
 However, despite early diagnosis and treatment, 
incidence of growth failure and mental retardation is 
increased. Mental retardation may be associated with 
cerebral calcifications secondary to hypercalcemia and 
hypernatremia (25-27). The patient showed a normal 
appearance on the transfontanellar ultrasound since 
he experienced only a short period of hypernatremia 
and hypercalcemia as a result of early treatment that 
assured normal sodium levels.

 Complications
 Repeated episodes of dehydration can result in 
mental retardation. Early diagnosis and treatment may 
reduce the incidence of neurological damage (1-3). 
Psychological development can also be hindered by the 
persistent need to drink and urinate (1). 
 The particularity of the case consists of the 
simultaneous presence of elevated plasma PSP values, 
hypernatremia and polyuria that persisted until after 
treatment initiation. PSP is a biomarker of sepsis (28) that, 
together with the febrile syndrome, managed to conceal 
the renal pathology, thus hampering the diagnosis. 
Congenital NDI is usually caused by a genetic mutation 
affecting the vasopressin V2 receptor that is located in 
the collecting ducts, the thin segment of the ascending 
limb of the loop of Henle and the periglomerular tubules 
(29). Another cause of congenital NDI is a mutation 
of the AQP2 gene that leads to insufficient or absent 
aquaporin 2 water channels in the apical membrane of 
the collecting ducts (30). 
 The clearance mechanism of PSP is relevant 
since its plasma levels seem to be influenced by renal 
function and are inversely proportional to GFR (31). 
Although activity in vivo is unclear, observations in 
adult and older patients as well as presepsin’s low 
molecular weight (13 kDa) elicit the assumption that 
it undergoes glomerular filtration and reabsorption 
followed by catabolism in the proximal duct cells (32, 
33). Since the patient had normal GFR for GA despite 
persistent symptoms and electrolyte imbalance, the 
increase in plasma PSP levels suggests reabsorption in 
the collecting ducts.



Congenital Nephrogenic Diabetes Insipidus

389

 In conclusion, renal complications are 
common in preterm infants during the first weeks of 
life and, although they are usually transient, in rare 
cases they can hinder the detection of a congenital 
kidney disease. NDI is a rare condition, and the onset in 
the neonatal period is a sign of severity and hereditary 
causality. Although there is no specific treatment, 
early diagnosis and symptomatic treatment along with 
multidisciplinary monitoring (neonatology, pediatrics, 
nephrology and endocrinology) can decrease the risk of 
long-term complications. 
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