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[MpeacTaBaeH CAyvait CMHAPOMa LiepebpaAbHOM NMOTEPU COAM Y MaAbuMKa 12 AT C TSXKeAOW YepenHo-mMo3rosoi Tpasmon. C Mo-
MeHTa TpaBMbl y pebeHKa oTMevasach pedpakTepHas BHyTpuUepenHas rmnepTeHsnst, YTO NOCAYXKMAO NPUHUHON BbINMOAHEHUS Ae-
KOMMPECCUBHOM TpenaHaummn Yepena Ha 7-e CyTKM NocAe TpaBmbl. Ha doHe MHdy3un runepToHnueckmnx pacTBOpoB XAOpMAA Ha-
Tpus ¢ 5-x cyTok npebbiBanns 8 OPUT y nauneHTa otTMevasach runepHatpuemmsi, ¢ 11-X CyTOK MPUCOEAMHMAACE MOAMYPUS U TW-
MOBOAEMMS, 4TO DbIAO PACLIEHEHO KaK NPOSIBAEHUS HecaxapHOro AMabeTta LeHTpaAbHOro redesa. C 17-X CyTOK NOCAe TpaBMbl ObiAa
OTMeueHa CTOMKasi FMMoHaTPMeMMs], B CBSI3M C Yem Ha 18-e CyTKu B Tepanuio A0baBAeH (hAYAPOKOPTU30H B A03e 100 MKr/cyT c
rnoBbilieHnem A03bl A0 150 MKr/cyT, 6e3 3Haunmoro sdekta. C 30-x CyTOK Tepanum (PAYAPOKOPTHU3OH OTMEHEH, OAHAKO C 54-X
CYTOK OH 6bIA Ha3HaueH BHOBb B A03e 400 MKr/cyT. Ha 3TOM (hoHe MOAMYpHUsi MOCTENEHHO YMEHbLIMAACH A0 4-5 A/CYT, KOHLIEH-
Tpauus HaTpus B NAa3Me OCTaBaAaCh B NpeaeAax pedepeHcHbIX 3HadeHnit. C 66-x CyTOK A03a (PAYAPOKOPTM3OHA YBEAMHeHa AO
600 mKr/cyT. PebeHok 6biA NepeBeaeH B MPOUABHOE OTAGAEHME Ha 67-€ CYTKM C MOMeHTa TpaBmbl. C 94-X CYTOK B YCAOBUSIX OT-
ACAEHMS HEMPOXMPYPIMKM HAUaTO NOCTENEHHOE CHUXEHME AO3bl (DAYAPOKOPTU3OHA C MOAHOM OTMEHOM Ha 122-e CyTKM OT MOMeH-
Ta TpaBMbl. Ha 132-e CyTkM nocTpaBMaTU4eCKOro NepuoAa naumMeHT OblA NepeBeAeH B APYroi CTauMOHap AASt peabUAMTaUMOH-
HOM Tepanuu.
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Sodium balance impairment in a child with severe traumatic brain injury
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We report a case of cerebral salt-wasting syndrome in a 12-year-old boy with severe traumatic brain injury. The child developed
refractory intracranial hypertension at the time of injury, which required decompressive craniectomy on the 7™ day after injury.
Infusion of hypertonic sodium chloride solutions performed at the intensive care unit resulted in hypernatremia on the 5" day
and polyuria and hypovolemia on the 11" day, which was regarded as manifestations of central diabetes insipidus. Persistent
hyponatremia developed on the 17" day after injury; on the next day, the therapy was supplemented with Fludrocortisone at
a dose of 100 pg/day, followed by an increase in the dose to 150 pg/day, which had no significant effect. Fludrocortisone was
discontinued on the 30" day of therapy, but it was re-used at a dose of 400 pg/day from the 54" day. During this treatment,
polyuria gradually decreased to 4 to 5 I/day, and the plasma sodium concentration remained within the reference values. The
dose of Fludrocortisone was increased to 600 pg/day since the 66th day. The child was transferred to a specialized department on
the 67" day after injury. At the Department of Neurosurgery, the dose of Cortineff was gradually reduced starting with the 94" day
and completely discontinued on the 122" day after injury. On day 132 of the post-traumatic period, the patient was transferred
to another hospital for rehabilitation therapy.

Keywords: traumatic brain injury, sodium, hyponatremia, hypernatremia, intracranial hypertension, brain edema, cerebral salt-
wasting syndrome, children, clinical case.

Background threaten a patient’s life and are associated with an in-

creased risk of fatal outcomes [1].

Cerebral diseases and injuries are accompanied by wa- Notably, hypernatraemia is often diagnosed in patients

ter—electrolyte imbalance, with sodium haemostasis dis-  with central nervous system diseases and has long been
orders being the most common among the imbalance dis-  known as a risk factor for adverse outcomes of severe cen-
orders; both hypo- and hypernatraemia can directly tral nervous system lesions. However, hyponatraemia is
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reported in individual cases, can be easily normalised and,
in most cases, is not accompanied by severe neurological
complications; therefore, it is not carefully considered and
monitored in routine clinical practice, which has been de-
scribed in this clinical case [2].

The development of hyponatraemia in patients with
acute brain damage is usually associated with inadequate
infusion therapy; drug side effects; inadequate secretion
of antidiuretic hormone syndrome and salt-wasting syn-
dromes, particularly, cerebral salt-wasting syndrome
(CSWS) [1-4].

CSWS was first described by Peters et al. in 1950 as
natriuresis and hypovolaemia in three patients with differ-
ent types of brain lesions, namely, encephalitis, intracere-
bral haemorrhage and bulbar poliomyelitis [3]. Unfortu-
nately, the actiopathogenesis of CSWS has not been fully
investigated. It is considered to develop due to increased
natriuretic peptide levels and alterations in sympathetic
nervous system, renin—angiotensin—aldosterone system
and adrenomedullin levels [5]. However, no exact data are
available on the frequency of its development.

In their literature review, Leonard et al. showed that
the incidence of CSWS in adult patients ranges from 0.8%
to 36.4%, with the largest number of cases reported in a
study including patients with a score of <9 on the Glasgow
coma scale [6, 7].

CSWS has been observed in both adult and paediat-
ric patients. In adult patients, it is more likely to occur in
cases of subarachnoid haemorrhages, whereas in majori-
ty of paediatric patients, it develops in those with cranio-
cerebral injury, brain tumours at various locations, tuber-
culous meningoencephalitis, Wernicke’s encephalopathy
and seizures and after craniofacial surgeries [8-15].

CSWS is a rare condition and has mostly been report-
ed in literature reviews, small cohort studies or individu-
al clinical cases. The reviews mainly contain data on epi-
demiology, aetiopathogenesis and biochemical changes in
CSWS, and its normalisation methods are scarcely de-
scribed, especially in paediatric practice, because the rel-
evant studies in paediatric patients are primarily reports
of individual cases [16].

CSWS is mainly diagnosed on the basis of the pres-
ence of hyponatraemia, hypernatriuria and polyuria, fol-
lowed by hypovolaemia. The clinical manifestations of the
syndrome are generally noted in the first week post-inju-
ry (postoperatively), and they persist for about 2—4 weeks
and regress spontaneously; however, a longer course is also
possible [4].

Currently, most treatment recommendations for
CSWS include symptomatic therapy in the form of fluid
replacement with isotonic and/or hypertonic sodium so-
lution (depending on hyponatraemia severity); however,
cases of successful treatment with fludrocortisone drugs
have been described [13, 16, 18-20]. We present the case
of a 12-year-old paediatric patient who developed CSWS
after a severe craniocerebral injury an in whom positive
therapeutic effects of these drugs were observed.
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Case description

a 12-year-old boy was admitted to the intensive care
unit (ICU) of the K.A. Rauchfus Children’s Municipal
Hospital No. 19; the patient had sustained a motor vehic-
ular injury from a road traffic accident and was brought by
an ambulance with a diagnosis of open craniocerebral in-
jury, basal skull and calvarial bone fractures, cerebrogen-
ic coma and aspiration syndrome on 29th November 2015.

At the pre-hospital stage, peripheral vein catheterisa-
tion was performed; 0.5 mg of 0.1% atropine sulphate so-
Iution, 20 mg of 0.5% Relanium solution and 4 mg of Ar-
duan were intravenously administered; tracheal intuba-
tion was performed and artificial pulmonary ventilation
was started. With upper respiratory tract and tracheobron-
chial tree sanitation, a haemorrhagic discharge was ob-
tained. According to the ambulance physician, the pa-
tient’s consciousness level was registered as coma before
the initiation of therapeutic measures.

Upon admission, the patient’s condition was extreme-
ly critical. His consciousness level was depressed to deep
coma due to medications; laryngeal reflex and photoreac-
tion were absent and anisocoria (OD>QOS) was present.
X-ray examination and computed tomography showed
multiple skull fractures and contusion—haemorrhagic foci,
as well as signs of diffuse axonal injury and massive sub-
arachnoid haemorrhage. In the cardiovascular system, dis-
tinct microcirculatory disorders and signs of hypovolae-
mic shock (heart rate, 130/min; BP, 103/55 mm Hg) were
observed. Gas composition and blood acid—base balance
analyses indicated decompensated mixed acidosis, hyper-
lactataemia and hyperglycaemia (Table 1).

Respiratory support was provided to assist breathing;
artificial pulmonary ventilation was in the volume-con-
trol ventilation mode with the following parameters:
FiO, = 0.3; Vt = 250 mL; f = 18/min; PEEP = 4 cm and
H,O0, LE=1:2.

CT showed an abundant haemorrhagic discharge from
the tracheobronchial tree, but lung contusion was not de-
tected on fibrobronchoscopy; therefore, the symptom was
regarded as aspiration syndrome. No pathological chang-
es were detected in the internal organs. Hypocoagulation

Ta6amua 1. Arterial blood gases and acid-base balance at the time of
admission to the hospital

Parameter Value
pH 7,24
pCO,, mmHg. 46,6
pO,, mmHg. 99
HCO,, mmol/L 18,4
BE, mmol/L —6,9
Na*, mmol/L 136
K*, mmol/L 2,9
Glucose, mmol/L 15,3

Lactate, mmol/L 3,7
Saturation, % 96,7
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Tab6anua 2. Coagulation profile at the time of admission
to the hospital

Parameter Value
Prothrombin index, % 64
Fibrinogen, g/L 2,0
Activated partial thromboplastin
time, sec 35,7
International normalised ratio 1,33

was detected in a study on haemostasis indicators
(Table 2).

Immediately after admission, a comprehensive exam-
ination was performed; the examination findings helped
establish a diagnosis of motor vehicle injury with open cra-
niocerebral injury; severe brain contusion; contusion foci
in the right temporal lobe pole, basal fields of the frontal
lobes and basal ganglia on the left; cranial vault multiple
linear fractures; basal skull fracture in the anterior and
middle cranial fossa; ethmoid bone fracture; right tempo-
ral bone pyramid fracture; haematosinus of the ethmoid
labyrinth cells; primary injury to the brain stem; diffuse
axonal damage; massive subarachnoid haemorrhage;
pneumocephalus; cerebral oedema; cerebrospinal rhinor-
rhoea and aspiration syndrome.

Infusion therapy along with haemodynamic support
(dopamine, 10 ug/kg/min), respiratory support (artificial
pulmonary ventilation), sedation and analgesia (thiopen-
tal sodium, 2.0—2.5 mg/kg/h; 0.005% fentanyl solution,
3.3—2.5 ug/kg/h) was initiated. Fresh-frozen plasma was
repeatedly infused to normalise hypocoagulation.

Signs of dislocation syndrome and shock phenomena
were observed due to the presence of anisocoria; there-
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fore, an intracranial pressure (ICP) sensor was installed,
with 4 mmHg being the initial measurement that later in-
creased to >20 mmHg.

Despite the aggressive therapy aimed at ICP normal-
isation, signs of cerebral oedema persisted during the first
7 days post-injury, with ICP increasing to 40 mmHg pe-
riodically (Fig. 1). Due to the ineffectiveness of the con-
servative therapy for intracranial hypertension, decom-
pressive craniotomy was performed on day 7, which nor-
malised ICP indices.

On day 11 post-injury, sedation was withdrawn, which
triggered the development of a pronounced pattern of di-
encephalic—catabolic syndrome; therefore, antipsychot-
ics (droperidol), benzodiazepines (Relanium) and Fin-
Iepsin were administered. Despite the withdrawal of sed-
ative therapy, the patient remained in coma, which later
progressed into a vegetative condition with tetraparesis.

Since day 5 post-injury, a tendency for the develop-
ment of hypernatraemia up to 175 mmol/L was noted
(Fig. 3).

From day 11 to 12, polyuria (up to 4.5—5 mL/kg/h)
was noted, with normal or high sodium concentration.
Urea and creatinine levels remained within the normal
range, with no signs of kidney damage; therefore, diabe-
tes insipidus of central genesis was considered. The pa-
tient was occasionally administered with 25 ug of desmo-
pressin for the management of polyuria and persistent hy-
pernatraemia, and the therapy was found to be effective.

On day 17, polyuria with hyponatraemia (approxi-
mately 126—128 mmol/L) was observed, which required
correction with a hypertonic sodium solution. Urine den-
sity remained within the physiological range or increased
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Fig. 1. Dynamics of intracranial pressure within 10 days after injury.
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Fig. 3. Daily diuresis and the volume of the filled fluid during therapy with desmopressin tablets, hydrochlorothiazide and fludrocortisone.

(from 1,010 to 1,025). Urine sodium loss on day 22 reached
127 mmol/L, which accumulated to 1,625 mmol/day with
a urine output of 12.8 L/day (Fig. 2).

High rates of hourly urine output (up to 30 mL/kg/h)
were maintained, whereas the daily urine volume reached
22 L/day, resulting in the requirement of large volumes of
infusion therapy. Attempts to limit the infusion therapy
led to the rapid emergence of hypovolaemia and dehydra-

tion. Therefore, fluid was replaced with crystalloid and
gelatin-based solutions. In addition, enteral rehydration
was initiated (up to 3 L/day). The water balance was cal-
culated per day, with an increased urine output rate of >5
mL/kg/h; hourly urine output was recorded and infusion
therapy corrected. Periodically, hypernatraemia of up to
150 mmol/L was noted with the increased infusion of sa-
line solutions.
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On day 18 of ICU stay, in agreement with the endo-
crinologist, 100 ug/day of fludrocortisone (Cortineff) was
administered, which was subsequently increased to 150
ug/day; however, no significant effect was observed.
Therefore, ex juvantibus treatment with 6 mg/kg/day of
hydrochlorothiazide was initiated, given its positive effect
in nephrogenic diabetes insipidus. Subsequently, hydro-
chlorothiazide and fludrocortisone were withdrawn due
to the lack of effect (Fig. 3).

After the withdrawal of the therapy, pronounced poly-
uria persisted, and the patient excreted an average of 18—23
L of urine per day, with the maximum urine output being
42.5 L/day on day 41 (with a body weight of approximate-
Iy 30—32 kg). With extremely high rates of urine output, ep-
isodes of hypokalaemia (up to 2.9 mmol/L) were noted,
which were corrected by the administration of 4% potassi-
um chloride solution at 0.5 mmol/kg/h (Fig. 3).

Since day 54 of ICU stay, Cortineff at 400 ug/day was
re-administered, which gradually decreased polyuria to
4—5 L/day, and the blood plasma sodium concentration
remained within the reference range (Table 3). On day 66,
the dose of Cortineff was increased to 600 ug/day to fur-
ther reduce the urine output to 2—2.5 L/day. At this stage,
rehydration was predominantly enteral (up to 5 L/day).
Under Cortineff treatment, sodium levels stabilised to nor-
mal values.

On day 67 post-injury, the patient was transferred to
the specialised department, with re-admission to the De-
partment of Anesthesia and reanimation on day 84 due to
respiratory failure with tracheostomy cannula obstruction.
CSWS persisted in the form of moderate polyuria with-
out electrolyte disturbances along with the planned Cor-
tineff therapy at the previous dose (600 ug/day = 20 ug/
kg/day). The patient was transferred to the specialised de-
partment on day 87.

On day 94, Cortineff dose was gradually tapered, and
it was completely withdrawn on day 122 in the neurosur-
gery department, while the urine output rate (about 2.5
mL/kg/h) and sodium concentration remained within the
normal range. On day 132, the patient was transferred to
another hospital for rehabilitation therapy.

Discussion

To date, there is no standardised approach to the in-
terpretation and treatment of sodium imbalance in pa-
tients with severe craniocerebral injury. This is especially
true for CSWS, which is an extremely rare condition with
limited information in the literature.

This case was unique because of the extremely severe
course of CSWS in a paediatric patient with craniocere-
bral injury, and all the widely known intensive care mea-
sures appeared to be ineffective; therefore, systemic glu-
cocorticoids were administered to increase sodium reab-
sorption [17].

Despite the fact that fluid replacement with a 1:1 ra-
tio of isotonic sodium can sufficiently normalise the sodi-
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um concentration and volume status in some cases of
CSWS, this treatment remained ineffective in our patient,
leading to the prescription of mineralocorticoids.

Cortineff (fludrocortisone) is a synthetic adrenal cor-
tex hormone and is a fluorinated derivative of hydrocor-
tisone with high mineralocorticoid activity. Fludrocorti-
sone enhances sodium and water reabsorption in the re-
nal tubules and increases potassium and hydrogen ion
excretion. Therefore, it is the drug of choice for hormone
replacement therapy in primary and secondary adrenal
cortex insufficiency, such as in patients with adrenogeni-
tal syndrome. The recommended saturation dose in pae-
diatric patients can reach 300 ug/day, with the mainte-
nance dose being approximately 50—100 ug/day [17]. The
first data on the use of fludrocortisone for the manage-
ment of CSWS in adults were published in the 1980s, with
recommended doses of 0.1—0.4 mg/day [18].

In paediatric practice, the use of mineralocorticoids
is recommended in cases of severe forms of CSWS, when
polyuria and hyponatraemia persist for a long time even
with fluid and sodium loss replacement [16, 18-20].

In particular, Taplin et al. (2006) described four pae-
diatric patients in whom fludrocortisone (0.2—0.4 mg/day)
was administered, leading to the immediate normalisation
of electrolyte levels. The therapy lasted for 4—125 days.
However, hypokalaemia was observed in three cases and
arterial hypertension in one case; thus, fludrocortisone
was withdrawn [19].

Choi et al. (2012) described a clinical case of CSWS
in a paediatric patient with a shunted porencephalic cyst.
They showed that hyponatraemia and polyuria persisted
even after large volumes of infusion therapy. After the ad-
ministration of fludrocortisone at 5 ug/kg/day, no effect
was noted; thus, the dose was increased to 7.5 ug/kg/day,
which normalised the sodium level and rate of urine out-
put [16].

In our patient, a starting dose of 5 ug/kg/day fludro-
cortisone was also used, which is equivalent to 0.15 mg of
Cortineff. The lack of positive changes was mistakenly re-
garded as drug ineffectiveness; therefore, the therapy was
interrupted. However, due to the long-term manifestations
of CSWS and the extremely high rate of urine output, Cor-
tineff was re-administered with an increased dose of 13
ug/kg/day (0.4 mg/day), and a steady decrease in the rate
of urine output was achieved only at 20 ug/kg/day (0.6
mg/day).

Generally, the sodium level remained within the nor-
mal range or even increased when CSWS symptoms were
observed. This was more likely due to the fact that the so-
dium content in solutions used for rehydration exceeded
the sodium lost in the urine, which, along with extreme-
ly large volumes of infusion (>20 1/day), led to hyperna-
traemia.

Decreased blood plasma sodium concentration was
mainly observed when positive hydrobalance was not
achieved. After decreasing the rate of urine output with
fludrocortisone, fluctuations in blood plasma sodium con-
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centration became less pronounced. Individual episodes
of hypokalaemia were seen only at the top of polyuria and
were not associated with the use of fludrocortisone. Fur-
thermore, no marked side effects of mineralocorticoid
therapy were observed. The duration of CSWS in our pa-
tient (from the time of the initial manifestation of symp-
toms to the complete withdrawal of fludrocortisone) was
106 days.

Conclusion

This clinical case is an example of a severe and rath-
er long (compared with the available literature data) course
of CSWS in a paediatric patient with severe craniocere-
bral injury. Given the lack of recommendations on the use
of fludrocortisone preparations, the therapy was prescribed

DOI: https://doi.org/10.14341/probl9668

empirically, and an individual dosing was required, which
successfully eliminated the signs of CSWS.
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