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Abstract

Introduction: Ichthyosis is an epidermal disruption that increases insensible water loss. Hypernatremic dehydration is a conse-
quence of skin disruption. This study reviewed the treatment of hypernatremic dehydration in patients with ichthyosis comparing
to patients with intact skin.
Case Presentation: We studied five neonates with hypernatremia, including three ichthyosis cases and two normal-skin neonates.
This case-series study showed that the sodium correction rate is slower in infants with ichthyosis than in infants with normal skin.
The first and second neonates needed less sodium than fluid intake than normal skin infants, although fluid requirement was lower
in the third ichthyosis infant than in others due to less skin disruption in this infant.
Conclusions: Fluid therapy in hypernatremic dehydration in ichthyosis patients is different from neonates with intact skin because
of excessive insensible water loss in these patients. It may be needed to give more fluid and less sodium depending on the degree
of skin disruption, which may not be determined by physical examination.
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1. Introduction

Ichthyosis is a Mendelian disorder of skin cornifica-

tion. It often presents in the neonatal period (1). The dis-

ruption of skin cornification disrupts the skin’s barrier

protection and produces high sensible water loss instead

of insensible water loss (IWL) of normal skin, among other

complications (2). Sensible water loss in these patients

may exceed six-fold the IWL of normal skin (3). It results in

hypernatremia dehydration (4), which can be a significant

complication. Serum sodium concentration may be very

high, producing persistent convulsions and subsequent

sequels (5). Death or seizure may proceed if the serum

sodium level exceeds 160 mmol/L (6).

Weighing babies during breastfeeding leads to the

early recognition of dehydration and prevents hyperna-

tremia in these infants (7). Moreover, skin care in patients

with humidification and emollitions decreases sensible

water loss, decreasing dehydration and hypernatremia (1).

However, if hypernatremia exists, what is the best way

of fluid therapy? Is fluid treatment in these patients the

same as in normal skin neonates? There are some stud-

ies about hypernatremia treatment in neonates, but the

survey about treating hypernatremia in ichthyosis infants

is limited. This article reviews the treatment of some hy-

pernatremic ichthyosis and hypernatremic normal skin

neonates and compares them. We hypothesized a high-

water loss from disrupted epidermal in ichthyosis, so it

might be necessary to treat these patients by increasing

water with maintenance sodium intake (8).

2. Method

In this article, we assessed liquid and sodium amounts,

sodium correction rate, seizure, consciousness state, and

brain edema of five neonates, including three ichthyosis

cases and two cases of hypernatremia with normal skin, in

the Neonatal Intensive Care Unit (NICU) of the Children’s

Medical Center from 2017 to 2019 in Tehran, Iran.

Hypernatremia was defined as sodium plasma levels >

150 mmol/L. Dehydration was a weight loss of more than

10% of birth weight at the end of the fifth day of life or more

than 2% of birth weight loss every day for the first five days

from birth, accompanying clinical findings and lab tests of
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dehydration. We calculated the percentage of weight loss

by (birth weight-admission weight)/birth weight× 100 (9,

10).

2.1. Criteria for Dehydration Lab Test Were

(Blood urea nitrogen (mg/dL))/ (serum creatinine

(mg/dL)) > 20, specific gravidity > 1012, and metabolic

acidosis. A pH of less than 7.25 in arterial blood gas (ABG)

and a base excess of -10 or lower showed metabolic aci-

dosis. Neonatologists or fellows of neonatology initially

examined all patients. In ichthyosis cases, the incubator’s

temperature was adjusted to 37°C with 40% humidity. The

temperature in normal-term neonates was adjusted at

36.5°C, and we did not humidify the incubator in normal-

skin neonates. We could not use higher humidity because

of the risk of infection. The neonates underwent hyper-

natremic dehydration treatment after NICU admission.

The protocol for treating hypernatremic dehydration in

neonates is administrating 1.2 - 1.5 times of the mainte-

nance fluid in cc/ kilogram (11). About 77 meq/L of sodium

was added to the serum if the patient’s sodium level

was less than 165 meq/L, about 155 meq/L if the serum

sodium level was between 165 and 175 meq/L, and if the

initial sodium level of the neonate is more than 175 meq/L

then the amount of sodium added to the fluid, should

be 10 meq/L less than the initial level of the patient. For

example, if the initial level of sodium in a neonate who

arrives to emergency room is 190 meq/L, the fluid what we

prepare should contain 180 meq/L sodium (12). Then, fluid

and sodium amounts were adjusted by checking sodium,

potassium, blood urea nitrogen (BUN), serum creatinine

(Cr), and specific gravidity (SG) every 4 - 6 hours. The goal

was to reduce the rate of serum sodium level to about

0.5 mmol/L per hour per day. Our secondary outcomes

were sodium correction rate, seizure, low consciousness,

and brain edema. We performed this study based on the

ethical principles of the Helsinki Declaration with the

ethics code of No.: IR.TUMS.CHMC.REC.1399.012.

3. Case Presentation

3.1. Case 1

A 10-day-old male neonate with generalized ichthyosis

in the physical exam was admitted with a GA of 35 weeks

and a birth weight of 2600 g. His weight on admission

was 2000 g. Blood gas showed metabolic acidosis with a

pH of 7.24 and a base excess of -14.7 mmol/L. Serum sodium

and potassium were 185 and 6 mmol/L. BUN, serum Cr, and

SG were 65 mg/dL, 1.1 mg/dL, and 1022 respectively. We re-

placed the fluid therapy with 1.5 times of the maintenance

of dextrose water with 170 meq/L sodium in the 24-hour,

but the sodium level increased in subsequent lab tests. The

sodium level was reduced gradually; when we changed the

serum sodium level to 50 meq/L, the correction rate was

0.5 mmol/L per hour per day. The seizures, low conscious-

ness, and brain edema were not seen during treatment.

The sodium concentration was corrected within 75 hours

(Table 1).

3.2. Case 2

A 12-day-old male neonate with generalized ichthyosis

in the physical exam was admitted with a GA of 38 weeks

and a birth weight of 2900 g. His weight on admission

was 2420 g. During hospitalization, the neonate showed

hypernatremic dehydration. His blood gas showed a pH

of 7.28 and a base excess of -9 mmol/L. Serum sodium and

potassium were 168 and 4.1 mmol/L. BUN, serum Cr, and SG

were 36 mg/dL, 1.2 mg/dL, and 1022 respectively. The fluid

replacement was 1.3 times the maintenance with 100 meq/L

sodium. The sodium correction rate was 0.15 mmol/L per

hour. After reducing sodium intake to 50 meq/L and in-

creasing the free water, the correction rate became 0.5

mmol/L per hour per day. The sodium concentration was

corrected within 80 hours. The seizures, low conscious-

ness, and brain edema were not seen during treatment (Ta-

ble 1).

3.3. Case 3

A 2-day-old male neonate with generalized ichthyosis

in the physical exam and a GA of 37 weeks weighing 2100 g

and birth weight of 2360 g was admitted due to hyperna-

tremic dehydration. His blood gas showed a pH of 7.26 and

a base excess of -9 mmol/L. Serum sodium and potassium

were 178 and 5.8 mmol/L. BUN, serum Cr, and SG were 47

mg/dL, 1.3 mg/dL, and 1020 respectively. The fluid replace-

ment was 1.4 times the maintenance, which contained 150

meq/L sodium. The sodium correction rate was about 0.40

mmol/L per hour per day. The correction time of sodium

was within 72 - 80 hours. The seizures, low consciousness,

and brain edema were not seen during treatment (Table 1).

3.4. Case 4

An eight days old female neonate with a gestational

age of 40 weeks, normal skin in the physical examination,

weighing 2500 g, and birth weight of 3120 g was admit-

ted due to hypernatremia and dehydration. Her blood gas

showed a pH of 7.24 and a base excess of -12 mmol/L. Serum
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Table 1. Cases Information

Variables Case 1 (Ichthyosis) Case 2 (Ichthyosis) Case 3 (Ichthyosis) Case 4 (Normal Skin) Case 5 (Normal Skin)

GA (week) 35 38 37 40 38

Age (day) 10 12 2 8 3

Birth weight (g) 2600 2900 2360 3120 3080

First Na. level (mmol/L) 185 168 178 163 160

Wight loss (g) 600 480 260 620 400

SG 1022 1022 1020 1030 1020

BE 14.7 -9 -9 -12 -10

BUN 65 36 47 60 34

Fluid therapy (M) 1.5 1.3 1.4 1.5 1.3

First Na therapy 170 100 150 77 75

Na. correction rate/24 h 0.1 0.15 0.4 0.45 0.55

Corrected Na therapy (mmol/L) 50 50

Adjusted Na. correction rate/24 h 0.5 0.5

Na. correction time (h) 75 80 80 50 40

Abbreviation: M, maintenance.

sodium and potassium were 163 and 4 mmol/L. BUN, serum

Cr, and SG were 60 mg/dL, 1.7 mg/dL, and 1030 respectively.

Fluid replacement with 1.5 times the maintenance and 77

meq/L sodium was prescribed. The sodium correction rate

was about 0.45 mmol/L per hour per day. Sodium correc-

tion time was within 48 - 50 hours. The seizures, low con-

sciousness, and brain edema were not seen during treat-

ment (Table 1).

3.5. Case 5

A three days old male neonate with a gestational age of

38 weeks and normal skin in physical examination, weigh-

ing 2680 g on admission and birth weight of 3080 g was

admitted due to hypernatremica dehydration. His blood

gas showed a pH of 7.4 and a base excess of -10 mmol/L.

Serum sodium and potassium were 160 and 4.6 mmol/L.

Blood urea nitrogen, serum Cr, and SG were 34 mg/dL, 1.2

mg/dL, and 1020 respectively. The fluid replacement was 1.3

times the maintenance with 75 meq/L sodium. The sodium

correction rate was about 0.55 mmol/L per hour per day.

Sodium correction time was about 40 hours. Seizures,

low consciousness, and brain edema were not seen during

treatment (Table 1).

In this study, we reviewed five neonates with hyperna-

tremia. First, the fluid and sodium were administered rou-

tinely based on the percentage of dehydration and serum

sodium level; following all infants, the sodium correction

rate was slower in three ichthyosis infants than in normal

skin infants. They needed more fluid than sodium intake

compared to normal skin infants, although fluid require-

ment was less in the third ichthyosis infant than in other

ichthyosis infants, possibly due to less skin disruption in

this infant.

4. Discussion

Hypernatremia is a complication of dehydration, lead-

ing to many adverse and lethal events in neonates (10). Ad-

verse and lethal conditions in hypernatremia are seen in

sodium levels of more than 160 meq/L (6). Appropriate

treatment is to correct sodium levels gradually to prevent

brain edema. In contrast, a lower correction rate is associ-

ated with prolonged high sodium levels, higher mortality,

and complications (10). A correction rate of 0.5 mmol/L per

hour is desirable to avoid adverse outcomes (6, 9). Adjust-

ing fluid and sodium infusion is essential for the appropri-

ate correction rate of serum sodium levels (9). A system-

atic review discussed that the treatment of hypernatremia

neonates differs based on the amount of dehydration and

renal concentration (13). It is essential to find the etiology

of hypernatremia for appropriate treatment (14).

To the best of our knowledge, there are no articles on

treating hypernatremia in ichthyosis infants. In ichthyosis

infants, water loss from disrupted skin is high, so severe hy-

pernatremia is common in these patients (3, 15). This type

of hypernatremia is seen in extremely premature neonates
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with increased transepidermal free water loss (15). Such

cases are treated with an appropriate adjustment of free

water. Humidification of the incubators decreases water

loss in patients. The treatment route in hypovolemic hy-

pernatremia may differ for patients due to hypernatremia

with normal or high total body weight (16, 17). This article

shows that when we correct hypernatremia in ichthyosis

as in normal skin infants, sodium decrement is lower, and

it takes a long time to restore serum sodium levels. Thus,

hypernatremia in these patients has to be corrected differ-

ently. A delay in sodium correction may be due to increased

insensible water loss in ichthyosis infants. That’s why we

need to prescribe more free water than sodium, so we or-

dered more than 1.5 times of the maintenance fluid and

less sodium in these patients. However, all ichthyosis pa-

tients do not have an equal condition; skin disruption and

sensible water loss are different in these patients (15). We

must consider that ichthyosis can mimic second-degree

burns, so we need to design a new way for fluid therapy

with more water for treatment. However, gradual reduc-

tion of serum sodium level at a rate of 0.5 mmol/L per

hour is necessary. We need to design an exact protocol for

ichthyosis classification on the severity of skin disturbance

to decide on the best amount of fluid to administer.

4.1. Study Limitations

The study number of neonates with hypernatremia in

the ichthyosis group compared to dehydration with intact

skin group is limited. Therefore, statistical analysis was not

possible on this number of neonates. Thus, further studies

need to evaluate a suitable type of fluid therapy in these

patients. For more accurate results, a clinical trial study is

essential. We observed the correction time in both groups

and noticed that increasing free water to the ichthyosis

group helped decrease the Na amount; although the in-

ference with few cases is impossible, it helps us for future

proper study designs.

4.2. Conclusions

We evaluated hypernatremic dehydration patients

with ichthyosis comparing to patients with hypernatremic

dehydration with intact skin. We believe that hyperna-

tremia in ichthyosis is most due to sensible water loss than

cellular dehydration in hypernatremia with intact skin.

Treating with more fluid and normal sodium in ichthyosis

may be more beneficial than treating with high amounts

of fluid and sodium in hypernatremia.
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