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Optimum sodium levels in
children with brain injury
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Sodium and brain

Sodium - the major extracellular cation and most
important osmotically active solute



Regulation of serum sodium

» Sodium regulation is closely correlated with the body’s
effective circulating volume (ECV)

(intravascular volume to provide adequate tissue perfusion)

» Major determinant of Sr.Na is in fact serum water content.

ADH
(pM)




Cerebral Physiology

Hypematremia _ Physiologic State | Hyponatremia
Cell Shrinkage Cell Swelling
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lon transporters are key mediators of cell volume and
respond to both cell shrinkage and cellular swelling.
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Secondary cerebral swelling progressing
to hemorrhagic conversion
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Optimal Sodium in patients with brain
injury

* Evidence 1

Serum Sodium needs to be >135 meqg/L



Hyponatremia in patients with brain injury

Fairly often observed in children with
traumatic brain injury

(Acute symptomatic hyponatremia and cerebral salt wasting after head
injury: an important clinical entity. J Pediatr Surg. 2001)

7 to 32% of patients with different forms of

MéRingitis Cerebral Salt Wasting
uvolemlc h\ﬂpq‘ngtremla Hypovolemic hyponatremia
Viost of the p \ed reports from children, SIADH in older studies, CSW

emerging in recent literature)

The distinction is blurred



Hyponatremia in patients with brain injury

‘Serum sodium < 135 mEq/L is detrimental’

Severe hyponatremia is associated with increased risk
of symptomatic vasospasm and infarctions

potentiates secondary brain damage by
augmentation of both focal contusion and diffuse
axonal injury

Affects cognitive outcome after traumatic brain injury

(Hyponatremia associated cognitive impairment in traumatic brain
injury. Brain Inj. 1993)

Associated with poor outcome and increase in
mortality upto 60%




Prevalence of hyponatraemia in
ical care settings

it

Hypotonlc { yponatraemia: (excess wate

- Greatest relevance to the critical care setting

- Upto three quarters of ICU- hyponatraemia cases

-Bennani SL et al. Rev Med Interne. 2003.
-Adler SM. Endocrinol Metab Clin North Am. 2006.

- Friedman B et al. Journal of Critical Care. 2013.

Frequency at admission: 10% to 14% based on severity.

-Bennani SL et al. Rev Med Interne. 2003.
- Funk GC et al. Intensive Care Med 2010.

Prevalence of hyponatraemia in ICU: as high as 30% to 40%.

-Friedman B et al. Journal of Critical Care. 2013.



Prevalence of hyponatraemia in

£ritical care settings.nchildren, .,

17% had mean Sr.Na of 131.8 + 2.9.

In our unit. (Singhi et al. Indian Pediatr.1994)
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Outcome of hyponatraemia in
All forms O%L‘Ei&alrﬁg! gstsoq;;j:gpg%ent predictor

of mortality, reported to be as high as 60% in some series.

-Friedman B et al. Journal of Critical Care. 2013.
-Wald R et al. Arch Intern Med. 2010.
- Cowen LE et al. Endocrinol Metab Clin N Am.2013.

The relative risk of in-hospital mortality associated with
admission hyponatraemia was significantly increased at 2.0.

- Cowen LE et al. Endocrinol Metab Clin N Am.2013.

Median (IQR) ICU stays prolonged upto 4 (2 to 8) days.

-Stelfox HT et al. Crti Care.2008.



Outcome of hyponatraemia in

n our unit, (SSEItICAl.care settings
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Outcome of hyponatraemia in

wiiiNGR) carGastsings - Benefits of
Mortality after Hospitalizatimmti—m.

In a prospective cohort study of 98 411 adults in Boston.

Sodium Concentration (mEg/L)

135-144 <135 130-134 125-129 120-124 <120
(n=82377) (n=12,562) (n=10,469)  (n=1591) (n=353) (n = 149)
Crude in-hospital mortality (%) 2.4 5.4 4.8 8.9 8.5 6.7
Multivaniable-adjusted I(ref)  1.47(1.33-1.62) 1.37 (1.23-1.52) 2.01 (1.64-2.45) 1.67 (1.09-2.56) 1.46 (0.73-2.91)
(rude 1-year mortality (%) 117 214 198 8.5 3.1 22.2

Multvariable-adiusted ~~ 1(re) 138 (132-146) 135 (L28-143) 153 (L36-171) 178 (L44-221) 103 (0.68-1.50)

(rude S-year mortalty (%) 423 %4 R 6l 60,6 50,
tfaraleadised 1) L5 (L2-L30) 124 (LI012) 133 (L-144) 128 (LOB-L5%) 109 (08L4)




Optimal Sodium in patients with brain
injury

* Evidence 1

Serum Sodium needs to be >135 meqg/L



Hypernatremia in patients with cerebral
injury

* Increased insensible water loss

* Inadequate provision of free water

(impaired thirst, limited access)
 Development of Central DI

* Improper isotonic saline therapy



Hypernatremia in critically ill-

Eraniiancv  tfimino

Author and year study type serum sodium  Population 1CU Incidence of
cutoff defining size (N)  type 1CU-acquired
hypernatrenma hypematremia

Lindner et al [13] Retrospective 145 mmoll. 2314 surgical 10%

Stelfox et al [15] Retrospective 145 mmol'L 6.727 surgical 4%

Darmon et al [ 12] Retrospective 145 mmolll,.  8.44] Mixed 11% (mmld)
4% (moderate
to severe)

O’Donoghue Retrospective 150 mmolll. 3317 Mixed 8%

et al [16]

Stelfox et al [14] Retrospective 145 mmolll.  8.142 Mixed 26%

Hoom et al [45] Retrospective 150 mmol/L 1.843 Mixed 7%

Lindner et al [10] Retrospective 150 mmolll. 981 Medical 7%

Polderman et al [76] Retrospective 150 mmolll. 389 Medical 6%

Average duration of hypernatremia was 2 days (range, 1 to 10)

- Lindner G. Am J Kidnev Dis. 2009



Hypernatremia in neurointensive
Aiyagari V et al - Journaga Eﬂicglrealr

@)
\Q/ O

Q/(Q IIected data in
K

Median (IQR) time to develop hypernatremia 2 (1 to 3) days.



Hypernatremia - therapy induced

Several other studies..
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Optimal Sodium in patients with brain
injury
' Evidence 1

Serum Sodium needs to be >135 meq/L

* Evidence 2

Hypernatremia and the resultant
hyperosmolarity reduces the raised intracranial
pressure



Effects on injured brain: Clinical
Targe:ted Hypernatreéi%r*jaﬁgaanﬁa% Injury
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Effects on injured brain: Clinical
Significance

Targeted Hypernatremia in Traumatic Brain Injury

Khanna et al. Crit Care Med. 2000.

im

Increased CPP compared with time zero.
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Effects on injured brain: Clinical

Hypertonic saline for tre§

literature review with meta-analysis

nificance

ing raised intracranial pressure:

Test for overall effect Z=3.15 (P=0.002)

TTIATTILIIRNYLD 111 I\—Mublllb \—PIJVM\—J Wil i VUL A N e

Hypertonic saline  Mannitol of other Odds Ratio Odds Ratio
StudyorSubgroup  Events  Total Evenis  Tolal Weight M.H,Fixed,35%Cl M-H, Fixed, 95% C
_ Battison 2005 2 18 4 18 109% 044[007,276 —
Bantsen 2008 0 M 1 11 44% 030[0.01,83]
_ Flsher 1092 6 18 10 18 204% 040010154 —e-r
Francony 2008 {10 0 10 13% 33210120160
Hardtungan 2005 ¢ 175 15 124%  062(013,290 —
lchai 2009 5 17 8 17 172%  04710.14,1.92 —
Sehwarz 1998 0 16 4 14 142% 007[0.00,1.49 :
* Vialet 2003 { 10 7 10 192% O005(000,05 ——+—
Total (95% C1 " 113 1000% 0.36(0.19,058] B
* Total svents 19 % | | | |
Heterogenelty. Chi*= 6.07, df= 7 (P = 053); F= 0% T

Favours exparimental Favours control

Hiachor rata AF Froatrmont Failiire Ar inciifficrinncyv with mannital



Effects on injured brain: Clinical
Significance

Targeted Hypernatremia in Non-traumatic Brain Injury

Yildizdas et al. Indian Pediatr. 2006.

Retrospective study, Children with mixed etiology.

3%-HST in n=25 or mannitol in=25 or both n=20.

Target sodium 155 — 165 mEqg/L.

Duration of coma and mortality was not different in patients
with serum-Na of 150-160 mEqL vs 160-170 mEqL.



Effects on injured brain: Clinical

gnlflcance
Upadhyay P et al. J Pediatr Neurosci. 2010.

RCT, 3%-HTS vs 20%-mannitol in 198 children with raised ICP.
Mean sodium in HTS-group was 136 (range 122 — 153).

Decrease in MAP was highly significant (P<0.001) at 0 h ,6 h
and moderately significant at 12,24,36,42 h in HTS-group.

Decrease in coma hours was a significant in HTS-group.

Change in blood biochemistry was within acceptable limits.
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::;fvni:‘;icl?;i:n l:z:—rﬁa- Abstract Hypernatremia is associated with increased mortality in hospitalized patients and in medical/
high? 7 surgical intensive care units. This relationship has not been studied in neurologic/mneurosurgical
[P Introduction intensive care units (NINICUs)., where hypernatremia is often a component of treatment of cerebral
= lF pMaterials and Sl edema. We performed a retrospective analysis of prospectively collected data in patients admitted to
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Optimal Sodium in patients with brain
injury
* Evidence 1

Serum Sodium needs to be >135 meq/L

 Evidence 2

Hypernatremia and the resultant
nyperosmolarity reduces the raised intracranial
oressure

* Evidence 3

Severe hvbernatremia (? > 160 mea/l ) mav he



Hypernatremia - therapy induced

Crit Care Med 2000
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Figure 1 . Scattergram showing the relation ship between serum sodium (mEq/L) and
serum creatinine (mg/dL). As serum sodium increased serum creatinine also increased.
Pearson's correlation coefficient was positive for this relationship (r2 = 0.18).
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portion of the cases of hypernatremia is probably due to the
onset of CDI — an independent marker of brain injury severity
and an independent prognostic indicator of ICU death. Be this
and/or other mechanisms at play, hypernatremia is anyhow
independently related with an increased risk of death.

m

Key messages

* Mild hypernatremia is frequently encountered in patients
with severe TBI during the ICU stay.

* In this clinical setting, a proportion of the cases of
hypernatremia are likely to be due to the onset of CDI —
an independent marker of brain injury severity and an
independent prognostic indicator of ICU death.

* This knowledge notwithstanding, hypernatremia is inde-

pendently related with increased risk of death.
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Journal of Neurotrauma 2013

Among 165 patients, 18% had hypernatremia (151-
160 mmol/L), and 6% had severe hypernatremia ( >
160 mmol/L)

Mortality rate was four-fold and six-fold greater with
hypernatremia and severe hypernatremia,
respectively

Survivors with hypernatremia had greater PCCU and
hospital lengths of stays



Influence on the outcome - Do we

5!)(0nn\u what we ara dninoc ? .
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Influence on the outcome::
Do we know what we are doing ?

Author and year

Study fype  Serum sodium  Populabion [CU

cutoff definmg size (N)

lypernatremia

ype

[neidence of
[CU-aequireg

hypematremu

Length of
ICU stay 0

Mortality

Lindner et al |13
Stelfox et al [15]
Damon ¢t al [ 12]

(' Donoghue
¢tal[lo]
Stelfox et al [14]
Hoom ¢f al |45
Lindner et al [10]

Retrospective 145 mmol/L
Retrospective 145 mmol/L
Retrospective 145 mmol/L

Retrospective 150 mmolL
Retrospective 145 mmol/L

Retrospective 130 mmol/L
Retrospective 130 mmol/L

Polderman et al [76] Retrospective 130 mmol/L

2314
6.721
3441

3317

8.14.
843

U1
38

-

surgical 10%
surzical 4%

Mixed

Mixed

Mixed
Mixed

Medical 7%
Medical 6%

[1% (muld)

4% (moderalp

0 severe)
80

26%
1%

s
—
=
—_

[Tvs3(P<
dvs2 (P= 69

3vs3(P<.00p pU

19% vs 8% (P < 01)
14% vs 2% (P < 001)
% (muld), 46%

Y moderate to severe) vy
15% (P <.001)

22% vs 3% (P< 001)

23% v 9% (P < 001)

Yo vs 10% (P < (01
3 vs 24% (P < 01)
32vs 20(F<.01)




Influence on the outcome::
Do we know what we are

Pay attention to minimal ﬁrum sodian change

oing :

Darmon M et al. Critical Care. 2013

Observational study on a prospective database — 14 years
(n=11125).

After adjustment for confounder,

Mild (>145) =sHR 1.34,95% Cl 1.14 to 1.57
Moderate (>150) = sHR 1.51, 95% Cl 1.15 to 1.99
Severe (>155) =sHR 2.64, 95% Cl 2.00 to 3.81



Outcome analysis and outcome predictors of
traumatlc head |njury in chlldhood Analy5|s of

0

‘(— c ._.\,'\.r\,\.f\.vncbmlmmhgov pmc/articles/PMC3132359/7report=printable ol =

| Hypernatremia (>145 mmol/l) 30(8.6) 46 (44.9) <0.001 =

FIGURES IN PARENTHESIS ARE IN PERCENTAGE

Assoclation between each secondary systemic insult and outcome

- 22 Figure 1
—=—Severe Hyponatremia<= 125
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= 44
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Admission H14 H24 H36 H48 H72 > 24H
Association between dysnatremia [on admission; 12 hours after ICU admission (H12); ....] and bad outcome

Both severe hyponatremia and hypernatremia are associated with bad outcome!!




Our Data

Design: Retrospective analysis of
prospective data.

Setting: Level Ill PICU of tertiary care
teaching hospital.

Period: July — 2004 to June — 2013

Participants



Method

- Each serum sodium value was matched

with the highest corresponding ICP
recorded before the next serum sodium

was measured.

1799 pairs of serum sodium and ICP were
analyzed.
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Results : Outcome (n = 251)

B Number of patients p = <

. 0.001

=1
=
I

£ (Wilcoxo
2% n Signed
gﬂw Ranks

Z . Test)

20 -

10 -

135- 145 146 - 150 151 - 155 156 - 160 161 & above
Serum Sodium (mEq/L)

(18%) (12.2%) (38.2%) (27.5%) (72%)



Probability of survival by 30-days

1.0

i
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Independent predictor (n =
Multivariate analvsif E1 \

Variables Beta Value OR p value
(95% Cl)

m-GCS score 0.336 1.4 0.013
(1.1-1.83)

Opening ICP -0.027 0.974 0.018
(0.952 — 0.995)

Serum Sodium 146 — 150 2.502 12.20 <0.001
(4.6 —32.36)

Serum Sodium 151 - 155 2.961 19.31 <0.001
(6.1-61.47)

Serum Sodium 156 —-160 1.520 4.57 0.004
(1.6 —13)

Serum Sodium 161 & 2.043 7.71 <0.001

above (2.6 —22.46)

Adjusted for Age, Sex, PRISM-III, Diagnosis, m-GCS score, opening ICP



Current stand: optimal sodium

level
* Normal Sodium is ideal

* Using hypertonic saline therapy -145 — 150
meq/L ?

But... The optimal dose ??
* Across various etiologies

* Without resulting in nephrotoxmty, rebound
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