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Background :

Neonatal hypernatremic dehydration (NHD) is an underrecognized and a potentially serious condition, par-
ticularly in exclusively breastfed infants. Frequently overlooked in the early postnatal period, it may cause
severe complications. While postnatal weight loss is a known indicator, the specific role of breast milk com-
position and environmental factors remains understudied. This study describes the clinical features, contri-
buting factors, management, and outcomes of newborns diagnosed with NHD in a neonatal unit in nor-
thern Tunisia.

Methods :

We performed a retrospective descriptive study including all neonates admitted for NHD to the neonatal unit
of Habib Bougatfa Hospital (Bizerte, Tunisia) between January 2022 and December 2025. Hypernatremia
was defined as serum sodium >145 mmol/L and classified as moderate (150-159 mmol/L) or severe (>160
mmol/L). Demographic, clinical, laboratory data, management, breast milk sodium levels and outcomes
were analyzed.

Results :

Thirty-two neonates were included (sex ratio 1.13), with a mean age of 3.85 + 1.88 days at admission. Most in-
fants (84%) were exclusively breastfed. A striking seasonal clustering was observed, with all cases admitted
between May and October. The mean weight loss was 13.5%, and fever was the predominant symptom.
The mean serum sodium level was 150.8 + 4 mmol/L (50% had moderate hypernatremia and 3% severe
hypernatremia). The mean breast milk sodium concentration performed in 24 mothers was elevated at 59.3
+20.5 mmol/L (normal <7 mmol/L). Functional renal impairment was common (78.1%). All infants recovered
fully with controlled fluid correction without neurological sequelae or mortality.

Conclusion:

NHD is preventable and primarily affects exclusively breastfed infants, especially during warm periods. Early
recognition of feeding difficulties, monitoring of postnatal weight loss, and controlled correction of sodium
imbalance are crucial. Enhanced breastfeeding support and maternal education are essential to prevent
this condition while promoting safe exclusive breastfeeding.
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INTRODUCTION

Neonatal hypernatremic dehydration (NHD) remains
an underrecognized condition, particularly in ex-
clusively breastfed newborns. Although frequently
overlooked in the early postnatal period, NHD can
evolve rapidly and lead to severe and potentially
life-threatening complications, including seizures,
intracranial hemorrhage, cerebral edema, and vas-
cular thrombosis[1]. While inadequate milk intake
and excessive weight loss are established risk fac-
tors [2], the pathophysiological role of breast milk
composition itself (specifically elevated sodium
concentration as a marker of delayed lactogenesis)
is less frequently documented in clinical cohorts.
Furthermore, although clinical experience suggests
a seasonal pattern, possibly linked to increased
insensible water losses, this association has not
been well-characterized in the literature, particu-
larly in the Mediterranean region. This descriptive
study from Northern Tunisia aimed to characterize
the clinical and biological profile of neonates with
NHD, with a specific focus on analyzing breast milk
sodium concentrations and evaluating the poten-
tial influence of seasonal variation on its incidence.

PATIENTS & METHODS

We conducted a retrospective descriptive study in-
cluding all neonates hospitalized in the neonatal
unit of Habib Bougatfa Hospital in Bizerte between
January 2022 and December 2025 who were dia-
gnosed with hypernatremic dehydration. Hyper-
natremia was defined as a serum sodium concen-
tration >145 mmol/L [2] and classified as moderate
(150-159 mmol/L) or severe (>160 mmol/L)[3]. Neo-
natal dehydration was defined as a weight loss ex-
ceeding 5 % of birth weight associated with clinical
signs of dehydration such as depressed fontanelle,
decreased urine output, dry mucous membranes,
or lethargy [4]. The severity of dehydration was
classified according to the percentage of weight
loss: mild (5-10%,), moderate (10-15%), and severe
(>15%) [5]. Newborns with incomplete medical re-
cords, congenital malformations, metabolic di-
seases, were not included in the study. Demogra-
phic data, clinical presentation, laboratory results,
follow-up outcomes, and complications were col-
lected. Feeding practices were documented, in-
cluding feeding type, frequency and duration of
breastfeeding, breastfeeding difficulties. Breast milk
sodium concentrations were measured when avai-
lable and interpreted using established thresholds,
with normal values defined as <7 mmol/L[6]. Pa-
tients were monitored with serial weight and elec-
trolyte assessments every 6-24 hours based on
serum sodium levels. Statistical analyses 6% (n=2)
were performed using SPSS 21.0. Values were ex-
pressed as mean * standard deviation and percen-
tages. Student's test was used to compare means.
Fischer's test and Chi-square analysiswere used for
univariate analysis, as appropriate. p value <0.05
was considered statistically significant.
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RESULTS

A total of 32 neonates were included in the study.
The cumulative incidence was 0.65%, correspon-
ding to 6.5 cases per 1000 hospitalizations. The
sex ratio (M/F) was 113 (17 males, 15 females). The
mean age at admission was 3.85+1,88 days. Fif-
teen newborns were delivered vaginally, at a mean
gestational age of 387 £0.67 weeks of amenorrhea
(range: 37-40 weeks). Only one patient required
hospitalization at birth. Twenty-seven (84%) were
fed only breast milk and 5 (16 %) with a formula
supplement to breast milk. The mean duration of
breastfeeding sessions was 181 + 6.2 minutes (me-
dian: 20 minutes; range: 10-30 minutes), while the
mean breastfeeding frequency was 10.1 + 2.2 feeds
per 24 hours (median: 11 feeds; range: 6-12). The
mean birth weight of the cases was calculated as
3403 £ 412 g, and the mean weight at presenta-
tion was calculated as 2998+ 491 g and the mean
postnatal weight loss was 13.5% (range: 5-32%).
When the patients were evaluated according to the
month of admission, it was found that all the cases
were admitted between May and October, when
the temperatures were high. The main reason for
hospitalization was fever in 78% of newborns (n=
25) and 6% n=2) were admitted for jaundice. On
physical examination, fever was observed in 78%
of neonates. Signs of dehydration included a po-
sitive skin fold test in 12% of neonates, dry mucous
membranes 6% (n=2), and a depressed anterior
fontanelle in 12% (n=4). No hemodynamic or neu-
rological abnormalities were documented. Biologi-
cally, laboratory investigations showed no evidence
of systemic inflammation. Functional renal failure
was observed in 78% of patients (n=25), with a
mean plasma urea level of 0.515+0.255¢g/L (range:
0.17-14g/L) and a mean serum creatinine level of
8711 + 16.83umol/L (range: 45-134 umol/L). All in-
fants presented with hypernatremia, with a mean
serum sodium level of 150.76 + 3.96 mmol/L (range:
146-176 mmol/L). Hypernatremia was classified
as mild in 15 infants (47%), moderate in 16 infants
(50%,), and severe in one infant (3%). There was no
evidence of an association between birth season
and the biochemical parameters evaluated at ad-
mission, including serum sodium, urea, and creati-
nine concentrations. The sodium concentration in
breast milk was measured in 75% of mothers (n=24),
with a mean level of 59.32+20.47 mmol/L. Greater
weight loss was significantly correlated with hi-
gher admission serum urea (Spearman r = 050, p =
0.026), creatinine (r = 047, p = 0.035), and sodium
levels (r = 045, p = 0.045). The demographic cha-
racteristics and laboratory findings of the patients
are given in Table 1. The management consisted of
intravenous rehydration with a total fluid intake of
120-150 mL/kg/day, administered as 10% glucose
solution enriched with sodium, and potassium was
added once diuresis was adequate. The mean du-
ration of correction was 16,41 hours (range: 6-24
hours), with a correction rate between 0.5 mmol/h
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and 1 mmol/h. This process necessitated the ad-
justment of fluid infusion rates according to sodium
levels, which were monitored every six to twelve
hours during the initial phase of treatment. Sodium
correction showed a progressive decrease over the
first 72 hours exhibiting a gradual normalization of
analytical parameters, achieving complete sodium
level normalization 48 hours after admission.
Throughout the treatment period, formula milk
was introduced and adjusted per newborn's tole-
rance. The mean length of hospital stay was 2.86
+ 179 days (range: 1-4 days). It was independent-
ly associated with hypernatremia severity (OR > 1,
p < 0.05). The outcome was favorable in all cases.
No cases of seizures or cerebral venous thrombosis
were recorded. All patients survived until discharge,
yielding a survival rate of 100%. The newborns were
discharged after maternal education and optimiza-
tion of maternal fluid intake.

DISCUSSION

In this study, we identified several notable findings.
First, NHD predominantly affected exclusively
breastfed infants (84%) despite apparently ade-
quate breastfeeding frequency and duration. Se-
cond, all cases occurred during the warm season
(May-October), suggesting an environmental
contribution. Third, breast milk sodium concen-
trations were markedly elevated in affected mo-
thers, consistent with inadequate milk production
or delayed lactogenesis. Finally, with appropriate
management, all infants recovered fully without
neurological sequelae These finding reinforce that
while exclusive breastfeeding is recommended for
the first six months of life [7-9], it is not always ins-
tinctive or straightforward; it is a learned skill that
requires appropriate guidance and support. Infants
who experience difficulties with breastfeeding are
at risk of developing malnutrition and hypernatre-
mic dehydration, which can lead to seizures as well
as permanent neurological and vascular damage
if not promptly recognized and treated [8,10]. The
major risk factors for breastfeeding-associated
NHD include primiparity, maternal breast abnorma-
lities, pre-pregnancy overweight, lack of previous
breastfeeding experience, cesarean delivery, and
delayed initiation of breastfeeding [3]. In our cohort,
twenty-six mothers were primiparous, pregnancies
were uneventful, and the majority of deliveries were
by cesarean section, which may have hindered early
mother-infant bonding and the timely initiation of
breastfeeding. The initial clinical presentation is of-
ten dominated by signs of extracellular dehydration,
including a sunken fontanelle and decreased skin
turgor. Signs of intracellular dehydration, primarily
fever, were also observed in the majority of cases
[11]. In our series, despite significant weight loss and
a high frequency of functional renal impairment, the
clinical presentation was predominantly preclinical
or mild, dominated by fever, with no severe neuro-
logical complications as reported in other studies
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[3,12,13]. This profile suggests a pattern of earlier
detection compared to cohorts with more severe
outcomes. The pathophysiological cornerstone of
breastfeeding-associated NHD is inadequate milk
intake, which may result from low maternal milk
production, ineffective milk transfer to the infant, or
a combination of both [11,14]. Reduced breastfee-
ding frequency is associated with elevated sodium
levels in breast milk. Sodium levels in breast- milk
are typically low (<7 mmol/L). Persistently high levels
are a recognized biomarker of delayed lactogenesis
or low milk volume, as the mechanism for sodium
removal from milk is flow dependent [1,15] One case
report documented breast milk sodium levels twice
the normal range up to day 30 postpartum, sug-
gesting that delayed maturation of breast milk may
be a risk factor for NHD [16]. This aligns with the
profile of our cohort, where primiparity (59% of mo-
thers)—a known risk factor for delayed onset of lac-
tation—was common. Therefore, measuring breast
milk sodium is not merely diagnostic but offers in-
sight into the underlying maternal lactation physio-
logy, moving the assessment beyond infant weight
loss alone. The finding that all 32 cases presented
during the warm season is striking and underscores
the role of environmental context. We hypothesize
that high ambient temperatures act as a significant
stress multiplier in this setting. Increased insensible
water losses through the skin in neonates, coupled
with potentially inadequate maternal hydration af-
fecting milk volume, may accelerate the trajecto-
ry from suboptimal feeding to clinical dehydration.
This seasonal pattern has been poorly documented
in the literature, particularly in Mediterranean cli-
mates. It represents a modifiable risk factor for
targeted preventive education. The management
of hypernatremic dehydration involves identifying
and addressing the underlying cause, alongside
controlled correction of sodium levels using intra-
venous fluids. Sodium correction should proceed at
a rate of 0.5-0.6 mEg/L per hour to prevent com-
plications from rapid shifts, particularly cerebral
edema [11,17]. Despite the potential severity, most
affected neonates recover fully without long-term
sequelae [11,18,19]. Our findings show that hyper-
natremia severity was significantly associated only
with the length of

hospital stay, whereas no maternal, perinatal, or
biological parameter demonstrated a significant
relationship. The longer hospitalization observed in
moderate or severe cases likely reflects the need for
careful correction of serum sodium and closer clinical
monitoring. This study has several limitations. First,
its retrospective design may have led to incomplete
or missing data and limited control over potential
confounding factors. Second, the relatively small
sample size may have reduced the statistical power
of the analysis and limited the generalizability of the
findings. Third, as this was a single-center study, the
results may not fully represent the characteristics of
the broader neonatal population. In addition, some
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important clinical variables related to breastfeeding
practices and maternal factors were not systema-
tically documented in the medical records, which
may have influenced the occurrence and recogni-
tion of neonatal dehydration.

CONCLUSION

This Tunisian cohort study showed that NHD is linked
to two key, modifiable elements: abnormally high
sodium concentration in breast milk (a biomarker
of delayed secretory activation) and exposure to a
warm environmental climate. Maternal education,
breastfeeding support, and close follow-up play a
key role in prevention, ensuring both the safety and
well-being of newborns while promoting successful
exclusive breastfeeding.
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